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Introduction

Yelizaveta Sher and José R. Maldonado

Organ transplantation aims to extend lives, improve quality 
of life, and deliver hope to many patients and their families. 
However, the path to transplantation is fraught with angst 
and challenges. Failing health is usually associated with 
changes in social (e.g., loss of work, loss of status), inter-
personal (e.g., change in relationships, loss of activities), 
and psychological (e.g., anxiety, depression, panic attacks) 
struggles.

There are numerous emotional, behavioral, and psycho-
logical aspects to organ transplantation, and psychiatric con-
sultants have been involved with the transplantation process 
since its inception. In fact, Richard Herrick, the first success-
ful kidney recipient, experienced an episode of delirium just 
before his transplant surgery, causing concern to his provid-
ers and complicating his care. Dr. Joseph Murray, the pioneer 
plastic surgeon turned transplant surgeon, described this dra-
matic episode in his autobiography Surgery of the Soul [1]. 
Richard Herrick was admitted to the Peter Bent Brigham 
Hospital on October 26, 1954, with chronic nephritis. Dr. 
Murray described the clinical challenges the patient and his 
medical team experienced due to “Richard’s difficult behav-
ior as a result of his illness.” He borrows the following 
excerpts from Richard’s medical record [1]:

Since admission patient has been extremely uncooperative. Has 
knocked over infusions, has been restrained, has been moved to 
side room because of loud outbursts. Restless, cursing all mem-
bers of the House Staff…
Rather a difficult p.m. … Is extremely uncooperative. Behavior 
erratic and unpredictable. Bit nurse on hand while bed linen 
being changed…

The consulting psychiatrist who evaluated and treated the 
patient subsequently reported [1]:

…[Prior] to dialysis, patient showed a varying disorientation as 
to time, place, and person… During his excited stages he would 

pull out his indwelling urethral catheter and would struggle 
against doctors and nurses, accusing them of attacking him sex-
ually. Impression: toxic psychosis reaction superimposed on a 
paranoid personality. Offhand, I feel the patient will recover 
from his psychosis with the use of medications and removal of 
toxic agents by dialysis…

The behavioral and cognitive changes experienced by this 
famous patient are very familiar to the mental health profes-
sionals of today, who consult and assist transplant teams in 
the care of patients during the peri-transplant process. Today, 
we know that cognitive dysfunction and delirium pre- and 
post-transplantation are not only common but can adversely 
affect post-transplant clinical outcomes. Several studies have 
been done on liver and lung transplant patients demonstrat-
ing that pre-transplant cognitive impairment is associated 
with worse post-transplant cognitive status and survival, 
while post-transplant delirium is associated with longer ven-
tilation times, hospital stays, and potentially increased mor-
tality [2–7].

In Dr. Murray’s account, the psychiatric consultant also 
played a pivotal role in conducting the first live donor psy-
chosocial evaluation, highlighting the ethical considerations 
as to whether the team should proceed with surgery in a 
healthy individual to remove a kidney to assist his ailing 
brother [1].

Emotional challenges and setbacks have influenced and 
determined the pre- and post-transplant course of many end- 
stage organ failure patients. Studies have found a high prev-
alence of pre-transplant anxiety and depression among these 
patients [8–14]. Significant correlations between preopera-
tive psychiatric diagnoses and poor medical adherence [15, 
16] as well as between the presence of various psychosocial 
factors and postoperative coping and social support [17] 
have been demonstrated. Over a quarter of solid organ trans-
plant recipients experience depression and/or anxiety after 
transplant, and the occurrence of depression and anxiety 
affects post-transplant medical outcomes [18–32]. Indeed, 
studies have demonstrated that many pre-transplant 
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 psychosocial problems continued after transplantation and 
that  psychiatric challenges after transplantation led to a 
higher risk of infections, hospital readmissions, and higher 
medical costs [30]. Moreover, specific psychosocial vari-
ables are significantly associated with shortened post-trans-
plant survival [18, 33, 34]. Finally, substance use disorders 
may profoundly affect both the pre- and post-transplant out-
comes [16, 35–41]. Psychosocial consultants may thus 
assist not just in the assessment but in developing a treat-
ment plan and process to help patients achieve the utmost 
success.

In some cases, the psychological influences affect patients 
just as much as physical complications do. In her book I’ll 
Take Tomorrow, Mary Gohlke, the courageous woman to 
undergo the first successful heart-lung transplant at Stanford, 
frankly described and shared her illness and emotional jour-
ney and the post-transplant challenges [42]. In her book, 
Mrs. Gohlke takes the readers through the whole array of the 
tumultuous psychological and psychiatric experiences asso-
ciated with the pre- and post-transplant course. She shared 
the incredible aloneness she felt while sick and dying before 
the transplant, deteriorating due to advancing pulmonary 
hypertension. She described the courage and determination 
she had to master in order to keep fighting and taking a 
chance with an experimental endeavor, a lung-heart trans-
plantation, to go on living. During the post-transplant period, 
she had to struggle with postoperative delirium likely due to 
steroid-induced psychosis, the burden of multiple immuno-
suppressant agents, the surgery itself, and renal insufficiency. 
She described feeling confused, irritable, and paranoid dur-
ing her delirious state, which affected not only her but her 
primary social support, her husband. She experienced 
demoralization for not getting stronger fast enough; frustra-
tion for being stuck in the hospital; and exasperation at the 
daunting task of getting better [42].

After she left Stanford hospital, she experienced a whole 
host of emotional disturbances, including panic attacks and 
a debilitating anxiety. For a period of time, she became 
paralyzed with anxiety, terrified to leave her newly estab-
lished safety net. Life was different, she was different, and 
she had to find her new balance and confidence. She 
acknowledges the invaluable assistance she received from 
the transplant team’s consulting psychiatrist. Later after 
returning home to Arizona, she developed depression: not 
only did she not enjoy many activities and lacked concen-
tration and motivation, but she could not gain much needed 
weight due to her lack of appetite. Again receiving psycho-
logical help was paramount to her ability to gain weight 
and continue with success. Although Mary Gohlke fre-
quently bemused in her honest and straightforward memoir 
of why people reached out to her commending her  courage 

to undergo this experimental at that time surgery, her cour-
age indeed must be commended: not only for undergoing 
the surgery, surviving, and sharing her story with the world, 
but also for such honesty sharing her emotional 
experience.

Transplantation has revolutionized what patients with 
end-stage organ disease can imagine for themselves. The 
transplantation field has had many firsts and will undoubt-
edly continue to develop. It has been built by many talented, 
courageous, brilliant, and determined people: scientists, 
immunologists, pathologists, surgeons, physicians, mental 
health professionals, and, of course, the brave individuals 
and their families who have donated organs for those in 
need.

As described above, the first successful renal transplant 
occurred in 1954 in Boston, USA [1, 43]. The first successful 
liver transplant took place in 1967 in Denver, USA [43]. The 
first successful heart transplant took place in 1967 in Cape 
Town, South Africa [43]. The field was revolutionized by the 
discovery of cyclosporine, an immunosuppressant, in the 
1970s in Switzerland [43]. The first successful heart-lung 
transplant took place in 1981 at Stanford, USA, as narrated 
by Mary Gohlke in her book [42, 44]. The first successful 
long-term single-lung and then double-lung transplant 
occurred in Toronto, Canada, in 1983 and 1986, respectively 
[44]. The year 2005 saw the first successful partial face trans-
plant in France [45], and 2011 welcomed the first double-leg 
transplant in Spain [46].

These firsts have allowed thousands of people to live lon-
ger lives, have better quality of life, and discover new hope. 
However, with these growing opportunities, increasing 
demands follow. In the United States, every 10  minutes, 
someone is added to the national transplant waiting list [47]. 
As of April 15, 2018, 114,807 patients with end-stage organ 
failure are on the national waiting list in need of a life-saving 
transplant [48]. The demand much outweighs the supply of 
donated organs, and on average 22 people die each day wait-
ing for the organs [48]. The psychosocial strain and distress 
that all of these patients experience throughout their trans-
plant and life journeys are significant.

This is where psychosocial consultants (i.e., transplant 
mental health clinicians, social workers, psychologists, and 
psychiatrists) can make a difference. The psychosocial team 
can enhance the candidate selection process by fine-tuning 
the assessment of patients being considered for transplanta-
tion. They play an important role in the overall transplant the-
ater: improving outcomes, survival, and the quality of life of 
transplant patients and their families. They play an integral 
part assisting the rest of the transplant team in caring for the 
inevitable cognitive and behavioral complications of organ 
dysfunction, both before and after the transplant surgery. And 
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they have an indispensable role addressing the psychological 
and emotional reactions when life expectancy is threatened, 
when hope is taken away. These are the times psychosocial 
consultants are most needed, and their participation can make 
a unique  difference, helping teams to take care of the whole 
person and assisting patients to make sense of their experi-
ences and find meaning in their lives. Patients, as all of us, 
crave witnesses to their lives. We can be that witness.

We are profoundly grateful to many who taught us, men-
tored us, and served as pioneers and role models in trans-
plantation psychiatry. Multiple articles have been written 
and quoted throughout this book. Several books have been 
published regarding the psychosocial aspects of transplanta-
tion. For instance, Drs. Paula T.  Trzepacz and Andrea 
F. Dimartini edited an excellent textbook covering the bio-
logical, psychological, and ethical considerations in organ 
transplantation in 2000 [49]. Their work and that of the men-
tal health professionals who tirelessly strive every day to 
improve the life of transplant patients has served as an inspi-
ration to this volume.

What we envisioned in this textbook is an up-to-date, com-
prehensive, evidence-based guide to our transplant colleagues 
for the multidisciplinary psychosocial care of end- stage organ 
disease and transplant patients. To assist in the process of car-
ing for our transplant patients in the most knowledgeable, 
collaborative, and compassionate way, we need to understand 
the underlying end-stage organ disease process; the details of 
transplantation; the prognosis and possible complications 
after surgery; the neuropsychiatric complications of organ 
failure; and the complex immunosuppressive medication reg-
imen, associated neuropsychiatric effects, and interactions 
with other medications. We need to be aware of the expecta-
tions of our patients, their families, and the rest of the medical 
team. We need to understand the complex psychological reac-
tions experienced by patients who face extraordinary medical 
challenges. Of course, above all, we need to understand our 
patients as people with their unique life experiences, goals, 
and values.

Our hope is that this book will offer a comprehensive 
starting point for mental health professionals working with 
this complex patient population through their incredible 
medical journeys. This book is also intended to assist medi-
cal professionals working with end-stage organ disease and 
transplant patients, by providing a wider glance into their 
patient’s psychological world, and thus offering an opportu-
nity to appreciate the implications of mental health for their 
overall wellbeing.

This book is organized into several parts. Several sections 
are based on organ systems (i.e., kidney, liver, heart, lung, 
visceral, and hematopoietic cell transplant) and include 
chapters on pre-transplant medical indications, pre- transplant 

psychosocial and psychiatric concerns, history of respective 
transplantation field, post-transplant medical course and 
complications, post-transplant psychosocial and psychiatric 
care considerations, and some special subjects (e.g., dialysis 
in renal patients, extracorporeal membrane oxygenation 
(ECMO) in lung patients). Other chapters are dedicated to 
topics such as vascularized composite transplantation, pedi-
atric populations, substance use disorders, psychopharma-
cology, psychotherapy, palliative care, ethics, and cultural 
factors.

This book contains contributions from specialists that 
span the entire spectrum of transplant care (e.g., psychia-
trists, psychologists, medical subspecialists, surgeons, dieti-
cians, social workers, and ethicists). The voices reflect their 
specific expertise and experiences, but as they do every day 
in clinics and hospitals, across the globe, these experts have 
come together in this book to share their expertise and wis-
dom. However, in this book, the most treasured voice is that 
of those who themselves have gone through the transplant 
process, our patients. These writers have generously shared 
their very personal journeys with us, reflecting on their 
unique emotional experiences. They are our best teachers.

It has been an honor to put this book together, and we 
hope that it will continue to advance the care of end-stage 
organ disease and transplant patients.

References

 1. Murray JE. Surgery of the soul: reflections on a curious career. 2nd 
ed. Cape Cod: Science History Publications; 2012.

 2. Smith PJ, Rivelli SK, Waters AM, Hoyle A, Durheim MT, Reynolds 
JM, et al. Delirium affects length of hospital stay after lung trans-
plantation. J Crit Care. 2015;30(1):126–9.

 3. Sher Y, Mooney J, Dhillon G, Lee R, Maldonado JR.  Delirium 
after lung transplantation: association with recipient character-
istics, hospital resource utilization, and mortality. Clin Transpl. 
2017;17.

 4. Lescot T, Karvellas CJ, Chaudhury P, Tchervenkov J, Paraskevas 
S, Barkun J, et  al. Postoperative delirium in the intensive care 
unit predicts worse outcomes in liver transplant recipients. 
Can J Gastroenterol. [Research Support, Non-U.S.  Gov’t]. 
2013;27(4):207–12.

 5. Wang SH, Wang JY, Lin PY, Lin KH, Ko CJ, Hsieh CE, et  al. 
Predisposing risk factors for delirium in living donor liver transplan-
tation patients in intensive care units. PLoS One. 2014;9(5):e96676.

 6. Lee H, Oh SY, Yu JH, Kim J, Yoon S, Ryu HG. Risk factors of post-
operative delirium in the intensive care unit after liver transplanta-
tion. World J Surg. 2018;6.

 7. Anderson BJ, Chesley CF, Theodore M, Christie C, Tino R, 
Wysoczanski A, et  al. Incidence, risk factors, and clinical impli-
cations of post-operative delirium in lung transplant recipients. J 
Heart Lung Transplant. 2018;2.

 8. Mai FM, McKenzie FN, Kostuk WJ. Psychiatric aspects of heart 
transplantation: preoperative evaluation and postoperative sequelae. 
Br Med J (Clin Res Ed). 1986;292(6516):311–3.

1 Introduction



6

 9. Surman OS, Dienstag JL, Cosimi AB, Chauncey S, Russell 
PS.  Psychosomatic aspects of liver transplantation. Psychother 
Psychosom. 1987;48(1–4):26–31.

 10. Kuhn WF, Myers B, Brennan AF, Davis MH, Lippmann SB, Gray 
LA, Pool GE.  Psychopathology in heart transplant candidates. J 
Heart Transplant. 1988;7(3):223–6.

 11. Maricle RA, Hosenpud JD, Norman DJ, Woodbury A, Pantley 
GA, Cobanoglu AM, Starr A.  Depression in patients being 
evaluated for heart transplantation. Gen Hosp Psychiatry. 
1989;11(6):418–24.

 12. Chacko RC, Harper RG, Kunik M, Young J. Relationship of psychi-
atric morbidity and psychosocial factors in organ transplant candi-
dates. Psychosomatics. 1996;37(2):100–7.

 13. Soyseth TS, Lund MB, Bjortuft O, Heldal A, Soyseth V, Dew MA, 
et  al. Psychiatric disorders and psychological distress in patients 
undergoing evaluation for lung transplantation: a national cohort 
study. Gen Hosp Psychiatry. 2016;42:67–73.

 14. Schneekloth TD, Jowsey SG, Biernacka JM, Burton MC, Vasquez 
AR, Bergquist T, et al. Pretransplant psychiatric and substance use 
comorbidity in patients with cholangiocarcinoma who received a 
liver transplant. Psychosomatics. 2012;53(2):116–22.

 15. Mai FM, McKenzie FN, Kostuk WJ. Psychosocial adjustment and 
quality of life following heart transplantation. Can J Psychiatr. 
1990;35(3):223–7.

 16. Shapiro PA, Williams DL, Foray AT, Gelman IS, Wukich N, Sciacca 
R.  Psychosocial evaluation and prediction of compliance prob-
lems and morbidity after heart transplantation. Transplantation. 
1995;60(12):1462–6.

 17. Chacko RC, Harper RG, Gotto J, Young J.  Psychiatric interview 
and psychometric predictors of cardiac transplant survival. Am J 
Psychiatry. 1996;153(12):1607–12.

 18. Dew MA, Rosenberger EM, Myaskovsky L, DiMartini AF, 
DeVito Dabbs AJ, Posluszny DM, et  al. Depression and anxiety 
as risk factors for morbidity and mortality after organ transplan-
tation: a systematic review and meta-analysis. Transplantation. 
2015;100(5):988–1003.

 19. Dew MA, Kormos RL, DiMartini AF, Switzer GE, Schulberg HC, 
Roth LH, et  al. Prevalence and risk of depression and anxiety- 
related disorders during the first three years after heart transplanta-
tion. Psychosomatics. 2001;42(4):300–13.

 20. Dew MA, DiMartini AF, DeVito Dabbs AJ, Fox KR, Myaskovsky 
L, Posluszny DM, et  al. Onset and risk factors for anxiety and 
depression during the first 2 years after lung transplantation. Gen 
Hosp Psychiatry. 2012;34(2):127–38.

 21. Jones BM, Chang VP, Esmore D, Spratt P, Shanahan MX, 
Farnsworth AE, et al. Psychological adjustment after cardiac trans-
plantation. Med J Aust. 1988;149(3):118–22.

 22. Rosenberger EM, DiMartini AF, DeVito Dabbs AJ, Bermudez 
CA, Pilewski JM, Toyoda Y, et  al. Psychiatric predictors of 
long-term transplant-related outcomes in lung transplant recipi-
ents. Transplantation. [Research Support, N.I.H., Extramural]. 
2016;100(1):239–47.

 23. Favaro A, Gerosa G, Caforio AL, Volpe B, Rupolo G, Zarneri D, 
et  al. Posttraumatic stress disorder and depression in heart trans-
plantation recipients: the relationship with outcome and adherence 
to medical treatment. Gen Hosp Psychiatry. 2011;33(1):1–7.

 24. Havik OE, Sivertsen B, Relbo A, Hellesvik M, Grov I, Geiran 
O, et al. Depressive symptoms and all-cause mortality after heart 
transplantation. Transplantation. 2007;84(1):97–103.

 25. Dew MA, Kormos RL, Roth LH, Murali S, DiMartini A, Griffith 
BP.  Early post-transplant medical compliance and mental health 
predict physical morbidity and mortality one to three years after 
heart transplantation. J Heart Lung Transplant. 1999;18(6): 
549–62.

 26. DiMartini A, Dew MA, Chaiffetz D, Fitzgerald MG, Devera ME, 
Fontes P.  Early trajectories of depressive symptoms after liver 

transplantation for alcoholic liver disease predicts long-term sur-
vival. Am J Transplant. 2011;11(6):1287–95.

 27. Zipfel S, Schneider A, Wild B, Lowe B, Junger J, Haass M, et al. 
Effect of depressive symptoms on survival after heart transplanta-
tion. Psychosom Med. 2002;64(5):740–7.

 28. DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk fac-
tor for noncompliance with medical treatment: meta-analysis of the 
effects of anxiety and depression on patient adherence. Arch Intern 
Med. 2000;160(14):2101–7.

 29. Woodman CL, Geist LJ, Vance S, Laxson C, Jones K, Kline 
JN.  Psychiatric disorders and survival after lung transplantation. 
Psychosomatics. 1999;40(4):293–7.

 30. Paris W, Muchmore J, Pribil A, Zuhdi N, Cooper DK.  Study of 
the relative incidences of psychosocial factors before and after 
heart transplantation and the influence of posttransplantation psy-
chosocial factors on heart transplantation outcome. J Heart Lung 
Transplant. 1994;13(3):424–30. discussion 31–2.

 31. Annema C, Drent G, Roodbol PF, Stewart RE, Metselaar HJ, van 
Hoek B, et  al. Trajectories of anxiety and depression after liver 
transplantation as related to outcomes during 2-year follow-up: a 
prospective cohort study. Psychosom Med. 2018;80(2):174–83.

 32. Palmer S, Vecchio M, Craig JC, Tonelli M, Johnson DW, Nicolucci 
A, et al. Prevalence of depression in chronic kidney disease: sys-
tematic review and meta-analysis of observational studies. Kidney 
Int. [Meta-Analysis Research Support, Non-U.S.  Gov’t Review]. 
2013;84(1):179–91.

 33. Owen JE, Bonds CL, Wellisch DK.  Psychiatric evaluations of 
heart transplant candidates: predicting post-transplant hospi-
talizations, rejection episodes, and survival. Psychosomatics. 
2006;47(3):213–22.

 34. Maldonado JR, Sher Y, Lolak S, Swendsen H, Skibola D, Neri E, 
et  al. The Stanford integrated psychosocial assessment for trans-
plantation: a prospective study of medical and psychosocial out-
comes. Psychosom Med. 2015;77(9):1018–30.

 35. Karman JF, Sileri P, Kamuda D, Cicalese L, Rastellini C, Wiley TE, 
et al. Risk factors for failure to meet listing requirements in liver 
transplant candidates with alcoholic cirrhosis. Transplantation. 
2001;71(9):1210–3.

 36. Hanrahan JS, Eberly C, Mohanty PK.  Substance abuse in heart 
transplant recipients: a 10-year follow-up study. Prog Transplant. 
2001;11(4):285–90.

 37. Dew MA, DiMartini AF, De Vito DA, Myaskovsky L, Steel J, 
Unruh M, et al. Rates and risk factors for nonadherence to the medi-
cal regimen after adult solid organ transplantation. Transplantation. 
[Research Support, N.I.H., Extramural Research Support, Non- -
U.S. Gov’t]. 2007;83(7):858–73.

 38. Pfitzmann R, Schwenzer J, Rayes N, Seehofer D, Neuhaus R, 
Nussler NC.  Long-term survival and predictors of relapse after 
orthotopic liver transplantation for alcoholic liver disease. Liver 
Transpl. 2007;13(2):197–205.

 39. Faure S, Herrero A, Jung B, Duny Y, Daures JP, Mura T, et  al. 
Excessive alcohol consumption after liver transplantation impacts 
on long-term survival, whatever the primary indication. J Hepatol. 
2012;57(2):306–12.

 40. Iruzubieta P, Crespo J, Fabrega E.  Long-term survival after liver 
transplantation for alcoholic liver disease. World J Gastroenterol. 
2013;19(48):9198–208.

 41. Nagele H, Kalmar P, Rodiger W, Stubbe HM. Smoking after heart 
transplantation: an underestimated hazard? Eur J Cardiothorac 
Surg. 1997;12(1):70–4.

 42. Gohlke M, Jennings M. I’ll take tomorrow. New York: M. Evans 
and Compnay, Inc.; 1985.

 43. Linden PK. History of solid organ transplantation and organ dona-
tion. Crit Care Clin. [Historical Article]. 2009;25(1):165–84, ix.

 44. Venuta F, Van Raemdonck D.  History of lung transplantation. J 
Thorac Dis. [Review]. 2017;9(12):5458–71.

Y. Sher and J. R. Maldonado



7

 45. Devauchelle B, Badet L, Lengele B, Morelon E, Testelin S, 
Michallet M, et al. First human face allograft: early report. Lancet. 
2006;368(9531):203–9.

 46. de Lago M. World’s first double leg transplantation is carried out in 
Spain. BMJ. [Case Reports News]. 2011;343:d4541.

 47. OPTN.  Organ Procurement and Transplantation Network. Organ 
Procurement and Transplantation Network; 2016 [4/16/2018]. 
Available from: https://optn.transplant.hrsa.gov/.

 48. UNOS. National data: transplants by organ type United Network 
for Organ Sharing; 2018 [cited 2018 4/16/2018]. Available from: 
https://unos.org/data/.

 49. Trzepacz PT, DiMartini AF.  The transplant patient: biological, 
psychiatric and ethical issues in organ transplantation. Cambridge: 
Cambridge University Press; 2000.

1 Introduction

https://optn.transplant.hrsa.gov/
https://unos.org/data/


9© Springer International Publishing AG, part of Springer Nature 2019
Y. Sher, J. R. Maldonado (eds.), Psychosocial Care of End-Stage Organ Disease and Transplant Patients, 
https://doi.org/10.1007/978-3-319-94914-7_2

Overview of Solid Organ Transplantation 
and the United States National Organ 
Transplant Act (NOTA)
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 Introduction

Psychosocial consultants have been an important, necessary, 
and integral part of solid organ transplantation due to the 
wide spectrum of challenging psychiatric and social issues 
encountered by this complex therapy.

Transplantation is a field that has required much more in 
its development than to just continue with the traditional 
methodologies that have provided for the successful clinical 
practice of medicine. Hospitals are generally autonomous in 
their operation and reign supreme. In contrast, organ trans-
plantation has been an emerging medical specialty that has 
involved the retrieval of multiple organs from multiple hos-
pitals with essentially no organizational infrastructure. There 
has thus been a great need to provide cooperation from a 
disparate group of practitioners and hospitals to better assure 
successful transplantation of all available donated organs. 
These organs are a precious public commodity for which 
transplant programs and practitioners assume fiduciary 
responsibility – the organs belong to the public, which has 
graciously donated them to save the lives of their fellow citi-
zens with end-stage organ failure.

 Early History

Since the first successful organ transplant performed in 
1954 by Dr. Joseph Murray at the Peter Bent Brigham 
Hospital, now the Brigham and Women’s Hospital in 
Boston, many firsts have taken place in the field of trans-
plantation between 1950s and 1960s, as detailed in Chap. 1.

However, the early evolvement of organ transplantation 
had been challenging, primarily because of problems incurred 

with complications from the immunosuppression required to 
control the immune response in genetically dissimilar donor-
recipient pairs, present for almost all kidney, liver, and heart 
transplants, except for the rare identical twin donor-recipient 
pairs. Because of some technical difficulties with the surgical 
procedures, the few liver and heart transplant centers that then 
existed entered into self-imposed moratoriums in 1970, in 
order to carefully evaluate outcomes so as to obtain future 
improvement in graft and patient survival rates.

Since then, all organ transplant results have substantially 
improved, and at present most solid organs (i.e., kidney, 
liver, and heart) essentially achieve similar graft and patient 
survival rates as reported by the Scientific Registry of 
Transplant Recipients (SRTR) for a higher-risk older patient 
cohort (aged 50–64) (see Table 2.1) [1].

 Challenges Leading to Drafting 
of the National Organ Transplant Act (NOTA)

The development of organ transplantation is one of the out-
standing medical achievements of this century [2]. When 
congressional hearings on transplantation were held by 
Congressmen Gore and Waxman in the autumn of 1983, the 
full implications were not obvious to many who testified, 
including Oscar Salvatierra, Norman Shumway, and Thomas 
E. Starzl [3].

O. Salvatierra ·J. R. Maldonado (*) 
Department of Psychiatry and Behavioral Sciences,  
Stanford University School of Medicine, Stanford, CA, USA
e-mail: jrm@stanford.edu 
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Table 2.1 1- and 3-year deceased donor graft and patient survival rates

1 year 3 year
% graft/patient % graft/patient

Kidney 94.5/96.7 87.9/92
Liver 89.1/90.9 79.7/82.1
Heart 90.4/90.7 84.8/85.2

Note: Outcomes are currently similar for kidney, liver, and heart trans-
plants as depicted in the following survival rates reported by the 
Scientific Registry of Transplant Recipients (SRTR) shown for a higher-
risk older patient cohort (aged 50–64) [1]

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_2&domain=pdf
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Key to the marked improvement in transplant outcomes 
was the passage by the US Congress of the National Organ 
Transplant Act (NOTA) on October 19, 1984 [4–6], which 
facilitated and brought together all participants in organ 
transplantation. This was a monumental and strikingly piv-
otal achievement opening the door for the unimpeded, yet 
carefully monitored, clinical and scientific advancement of 
organ transplantation in the United States. The NOTA was 
critically important to patients with end-stage organ failure, 
as many were dying awaiting transplantation [6]. It not only 
established the framework for the US organ transplant sys-
tem but has served as a model for development of other 
transplant networks worldwide [7].

There were several significant infrastructural challenges 
preceding and precipitating the creation and passage of 
NOTA.  First of all, transplant programs lacked a much- 
needed infrastructure to unify transplant programs in their 
fiduciary responsibility to protect every organ removed for 
transplantation and to assure the appropriate most efficient 
life-saving use of this precious public commodity. For this 
infrastructure to develop, transplant programs and their hos-
pitals had to abandon what appeared to be an unintended 
operational independence that for more than a century had 
been the hallmark of medical practice in the United States. 
The organ transplant centers required a more efficient and 
cooperative team environment at both regional and national 
levels to best protect and assure that every donated organ met 
its intended use. Organ transplantation is multifaceted and 
quite complex, involving multiple organs, multiple disci-
plines, and multiple locations and thus requiring a well- 
organized and functional infrastructure, not present before 
the passage of NOTA.

Second, heart and liver transplantation were still consid-
ered experimental in the early 1980s, so the third-party payers 
refused to provide reimbursement. This resulted in only a 
very few active centers where liver and heart transplantation 
were available. In addition, the general public’s acceptance of 
transplantation was primarily focused on kidney transplanta-
tion with little awareness of heart and liver transplantation.

In addition, there was evidence of kidney wastage with 
some transplant programs where several organs removed for 
transplantation were discarded or allocated out of country. 
For example, if a transplant center procured kidneys that 
could not be used with one of their patients, it was not 
uncommon to send the organs to another country instead of 
another center at a closer distance in its own geographic 
region.

Despite these challenges, it was apparent that organ trans-
plantation was outstripping its roots in its favorable 
 evolvement and growth and with time was exceeding expec-
tations in its clinical success. With the remarkable improve-
ment in graft and patient survival that occurred with the then 
new immunosuppressive agent cyclosporine in clinical trials, 

it was anticipated that there would be continued further 
meaningful future advancement of the field. Thus, faced with 
significant clinical promise of the field on one hand and con-
siderable challenges on the other, there was an urgent neces-
sity to (1) develop a well-functioning national infrastructure 
that would assure maximum utilization and equitable distri-
bution of organs, (2) promote organ donation to help meet 
the expected increasing need for more organs, and (3) recog-
nize life-saving nonrenal transplants as non- experimental. It 
was against this background that the drafting and passage of 
NOTA was achieved despite strong opposition by many 
powerful professional organizations, such as the American 
Medical Association (AMA), the American College of 
Surgeons (ACS), and even the Reagan Administration who 
believed the bill represented an incursion into the private 
practice of medicine and the imposition of controls that inev-
itably would permeate other aspects of medical care [3, 5].

The NOTA provided a single piece of legislation to best 
address the problems faced by the organ transplantation 
community, especially with a progressively increasing large 
numbers of patients desiring an organ transplant. No longer 
could 244 transplant programs operate independently, but 
instead, an organizational structure was required to bring 
transplant surgeons, physicians, immunologists, psychia-
trists, and other research and technical personnel together to 
optimize the procurement, preservation, and distribution of 
organs to provide the best possible transplant outcomes.

 NOTA Provisions

The objectives were clear: (1) to increase the supply of 
organs with a small grants program that could strengthen 
procurement agencies already in existence or stimulate the 
development of new programs in underserved areas, includ-
ing the establishment of a national network for organ distri-
bution; (2) to pay for novel and expensive immunosuppressant 
medicines, which were predicted to be too costly for many 
patients to afford; and (3) to prohibit the purchase and sale of 
organs [3].

The implementation of NOTA authorized (1) an Organ 
Procurement and Transplantation Network (OPTN), (2) the 
development of regional organ procurement organizations 
(OPOs), and (3) the establishment of a compulsory national 
scientific registry for all organs. Through the establishment 
of a national OPTN, the law directed that organ allocation 
would be managed on a national basis and be developed 
through a unique public-private partnership. Since the initial 
network contract was finalized in 1986, the United Network 
for Organ Sharing (UNOS) has served as the OPTN under 
contract with the US Department of Health and Human 
Services [7]. “The primary purposes of the OPTN are to 
operate and monitor an equitable system for allocating 

O. Salvatierra and J. R. Maldonado
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organs donated for transplantation; maintain a waiting list of 
potential recipients; match potential recipients with organ 
donors according to established medical criteria for alloca-
tion of organs and, to the extent feasible, for listing and de- 
listing transplant patients; facilitate the efficient, effective 
placement of organs for transplantation; and increase organ 
donation” [6].

These three provisions of NOTA provided an immediate 
course correction for organ transplantation in the United 
States. Most importantly, NOTA provided for a highly func-
tional three-tier infrastructure (Fig. 2.1) to sustain and sup-
port transplantation with equal consideration given to 
enhancing the success of all transplantable organs [8]. 
Additional major NOTA provisions included (4) establish-
ment of a task force on organ transplantation, (5) prohibition 
of organ purchases, and (6) a bone marrow registry, demon-
stration, and study. NOTA represented the first and only time 
that Congress has provided for the infrastructure of a major 
medical specialty.

The bill mandated the Health Care Financing 
Administration (HCFA) to establish a national organ pro-
curement and distribution network, which was granted to the 
UNOS, a previously private and nonprofit organization. The 
OPTN is a unique public- private partnership that links all 
professionals involved in the US donation and transplanta-
tion system [9].

The OPTN is operated under contract with the U.S. Dept. 
of Health and Human Services by the United Network for 
Organ Sharing (UNOS). As such, the OPTN has provided 
transplantation with an operational system and structure that 
has been inclusive of all aspects of organ procurement and 
distribution of organs [9]. A major area of debate in the draft-
ing of the legislation was whether the effort to develop a 

national operational system for organ transplantation should 
be managed privately, publicly, or as a private/public entity, 
the latter being the ultimate outcome. This is well described 
by the New England Journal of Medicine (NEJM) which 
highlights and encapsulates the debate [5].

At this time in the early 1980s, the discovery of new 
immunosuppressant agent cyclosporine led to new excite-
ment in the field, as it heralded the improved results in graft 
and patient survival. This served as a major stimulus to 
request that the passage of NOTA legislation included assis-
tance with the costs of outpatient cyclosporine therapy.

However, several senators and congressmen expressed 
reluctance to proceed with this authorization and instead 
called for a Task Force to “conduct comprehensive exami-
nations of the medical, legal, ethical, economic and social 
issues presented by human organ procurement and trans-
plantation,” as well as “an analysis of the safety, effec-
tiveness, and costs (including cost savings from improved 
success rates of transplantation) of different modalities of 
treatment” [6].

The NEJM reported on the sharply contrasting testimo-
nies at a congressional hearing between the proponents for 
voluntary private management of organ transplantation in the 
United States versus those advocating a private/public sys-
tem [5]. This article indicated that “with a few exceptions, no 
other issue confronting the Public Health Service at this time 
[was] as emotionally charged as this one” [5]. The AMA was 
also vehemently opposed to the legislation. The AMA’s prin-
cipal witness, Dr. James Davis, vice-speaker of the House 
of Delegates, testified that the legislation “would authorize 
the cookbook approach to medical practice, with chapter and 
verse written by the secretary of HHS [the Department of 
Health and Human Services].” Dr. Norman Shumway (Chair 
of the Department of Cardiovascular Surgery at Stanford 
University), Dr. Tom Starzl (Director of Transplantation 
at the University of Pittsburg), and Dr. Oscar Salvatierra 
(President of the American Society of Transplant Surgeons) 
proved to be the important congressional testimony in the 
effort to obtain the passage of NOTA [3, 5]. They argued that 
transplantation of all organs (kidney, heart, lung, liver, and 
pancreas) with their dramatically improving success rates 
under cyclosporine should be available to all patients with an 
equitable distribution of organs regardless of patients’ finan-
cial status, race, or ethnicity. Their testimony on behalf of 
patients awaiting transplantation was very well received and 
eventually resulted in an almost unanimous vote for passage 
of NOTA by both the Senate and House of Representatives.

An extremely important part of NOTA was the establish-
ment of organ procurement organizations [9] which brought 
together all transplant programs in a region for a cooperative 
and more efficient and effective management of organ dona-
tion, procurement, and the distribution. “All organs” were no 
longer just kidney organs, but included the heart, lung, liver, 
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Fig. 2.1 NOTA established a highly functional 3-tier infrastructure 
designed to sustain and support transplantation of all organs with equal 
consideration given to enhancing the success of all transplantable organs. 
NOTA = the National Organ Transplant Act (NOTA) enacted by the US 
Congress on October 19, 1984; OPTN = Organ Procurement and 
Transplantation Network; UNOS = United Network for Organ Sharing; 
OPO’s = organ procurement organizations
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and pancreas. NOTA specifically stated that “[the] term 
‘organ’ means the human kidney, liver, heart, lung, pan-
creas…” [6]. It also stated that an OPO “has procedures to 
obtain payment for non-renal organs provided to transplant 
centers” [6]. Thus, without directly saying so, the “experi-
mental” label that nonrenal organs had carried for more than 
15  years was now forever removed and third-party payers 
could no longer use “experimental” as a reason to decline 
reimbursement for nonrenal transplants.

Currently, there are 58 regional OPOs in operation in the 
United States under the OPTN/UNOS umbrella [4].

 Scientific Registry

A reliable Scientific Registry was essential to a vibrant, suc-
cessful and forward-looking national system in organ trans-
plantation. The Scientific Registry authorized by NOTA is 
particularly effective because it is a compulsory registry where 
information on every patient must be provided by a transplant 
center in order for it to continue its existence. It thus provides 
reliable data to make policy decisions and to identify areas to 
be targeted for future investigation and research. In addition, 
organ specific data on every center is now available to the pub-
lic in yearly reports from what is now called the Scientific 
Registry of Transplant Recipients (SRTR). See Fig. 2.2 for an 
overview of the organizational structure established by NOTA, 
including SRTR [10]. Founded in 1987, the SRTR is a national 
database of all transplant statistics. SRTR analyzes data from 
multiple sources and draws conclusions regarding allocation 
of organs, organ transplant waiting lists, and transplant 
patients’ mortality, morbidity, quality of life, and other post-
transplant outcomes [1].

 Outcomes

NOTA and subsequent federal regulations call on the OPTN 
to emphasize fair and equitable patient access to transplanta-
tion, as well as reliance on objective medical evidence and 

adaptability to rapid evolution in clinical treatment and sci-
entific understanding [7]. The results reported by UNOS and
the SRTR [4], after passage of NOTA, show a favorable 
increase in yearly number of transplants performed from 
<6,500 in 1983 to a current >34,000 per year in 2017, which 
has been due to an increase in organ donation.

The success of transplantation in the United States cur-
rently depends upon a system of altruistic organ donation 
from living or cadaveric (deceased) donors [11]. Congress 
then made it “unlawful for any person to knowingly acquire, 
receive, or otherwise transfer any human organ for valuable 
consideration in human transplantation use if the transfer 
affects interstate commerce” [11]. Congress also imposed 
penalty for persons who engage in the exchange of human 
organs for valuable consideration with the maximum fine of 
$50,000 and/or a maximum 5-year imprisonment [6].

Despite advances in medicine and technology as well as 
an increased awareness of organ donation and transplanta-
tion, there has been a widening gap between organ donation 
and transplantation of patients on the waiting list. The 
marked improved success of organ transplantation is 
reflected in increased numbers of patients with end-stage 
organ failure now desiring this life-saving therapy. Yet, 
while a sizeable number of individuals receive organ trans-
plants each year (i.e., 34,768 in 2017), the demand for avail-
able organs exceeds the supply [12], with currently with 
more than 118,000 people awaiting organ transplantation in 
the United States [13].

In 2004, Congress passed the Organ Donation and 
Recovery Improvement Act [14] to address the considerable 
concern over the growing organ transplant waiting list by 
implementing measures necessary to improve the existing 
altruism-based organ procurement and transplantation sys-
tem. The 2004 Act sought to respond to the growing prob-
lem by authorizing the DHHS to provide funding for public 
awareness efforts addressing the need for organ donation, 
awarding grants to organ procurement organizations and 
hospitals to better coordinate and increase the rate of organ 
donation, and funding studies to “improve the recovery, 
preservation, and transportation of organs” [15]. It also 

Department of Health & Human Services
(DHHS)

Health Resources and Services Administration
(HRSA)

Advisory Commitee on Transplantation
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Centers for Medicare and Medicaid Services

Organ Procurement Transplantation Network
(OPTN)

Scientific Registry of Transplant Recipients
(SRTR)

United Network for Organ Sharing (UNOS)

Fig. 2.2 Relationship between UNOS, OPTN, SRTR, and the Federal Government. (Source: [10])
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authorized the DHHS to award grants to states, transplant 
centers, qualified organ procurement organizations, or other 
public or private entities for providing reimbursement for 
travel and subsistence expenses incurred by individuals 
making a living organ donation [14, 15].

The 2004 Act reflected a preference to improve and 
maintain the solely altruistic scheme of organ donation [14], 
but missed a unique opportunity to adopt provisions that 
would have permitted financial incentives that would 
encourage cadaveric organ donation, a potentially effective 
policy- alternative response to the organ shortage [15]. 
Congress considered, but ultimately rejected, an amend-
ment to allow for the implementation of indirect financial 
incentives in cadaveric organ donation in the form of a fixed 
financial remuneration that could be used by the family “to 
help pay for funeral or hospital costs, as a donation to the 
deceased’s favorite charity, or could simply remain the 
deceased donor’s estate upon the family’s decision to ‘give 
the gift of life’” [15].

Conclusions
NOTA has unquestionably provided by statue the frame-
work for structure, organization, discipline, future direc-
tion, and cooperation between the OPTN, SRTR, OPOs, 
HRSA, and transplant professionals. This remarkable pri-
vate/public partnership has proven to be absolutely neces-
sary and essential for organ transplantation in the United 
States to continue to improve with future increasing max-
imum benefit to patients with end-stage organ failure. The 
ultimate objective is a successful transplant for all patients 
requiring an organ transplant.

Organ transplantation from its very beginning has 
been blessed with many dedicated, skilled, and selfless 
professionals, which have included scientists, transplant 
surgeons, other transplant physicians, psychiatrists, 
social workers, nurses, coordinators, and technicians 
working with the various facets of organ transplantation. 
They have all worked tirelessly through the years since 
the first successful transplant and have been inseparably 
united in doing everything possible to give patients a 
second chance at life with a new organ. Most notable has 
been the ever presence and involvement of psychiatrists 
and other psychosocial specialists without whose very 
meaningful and compassionate support the complex 
field of organ transplantation would not exist as it does 
today. The extraordinary humanitarianism of organ 
donors, whether living or deceased, has been nothing 
short of exceptional and deserving of our greatest grati-

tude. These donated organs represent a precious public 
commodity in needs of utmost respect, careful protec-
tion, and equitable distribution to provide good-quality 
life to as many patients as possible. That was what 
NOTA has been all about and we hope that it will con-
tinue to foster patient- driven advancements in this spec-
tacular field of solid organ transplantation. To fulfill the 
ultimate goals of NOTA, we must continue to ensure 
that the national transplant network allocates organs 
efficiently and fairly. We must also build public knowl-
edge and trust in organ donation to help increase trans-
plant opportunities for everyone in need [7].

References

 1. SRTS. Scientific Registry of Transplant Recipients: US Department 
of Health & Human Services. Available from: https://srtr.transplant.
hrsa.gov/default.aspx.

 2. Salvatierra O Jr. Renal transplantation  – the Starzl influence. 
Transplant Proc. 1988;20(1 Suppl 1):343–9.

 3. Starzl TE, Shapiro R, Teperman L. The point system for organ dis-
tribution. Transplant Proc. 1989;21(3):3432–6. discussion 40–4.

 4. Salvatierra O, Jr. Optimal use of organs for transplantation. N 
Engl J Med. 1988;318(20):1329–31. DHHS. Organ Donation and 
Transplantation Statistics: Graph Data. 2018; https://www.orgando-
nor.gov/statistics-stories/statistics/data.html. Accessed September 
30, 2018.

 5. Iglehart JK.  The politics of transplantation. N Engl J Med. 
1984;310(13):864–8.

 6. National Organ Transplant Act, Congress of the United States, 98th 
Congress Sess. (1984).

 7. UNOS.  National Organ Transplant Act enacted 30 years 
ago UNOS Website 2014 Available from: https://unos.org/
national-organ-transplant-act-enacted-30-years-ago/.

 8. Salvatierra O Jr. The status of the American Society of Transplant 
Surgeons on its tenth anniversary. Presidential address. 
Transplantation. 1984;38(6):727–30.

 9. Organ procurement and transplantation network, US Congress, 
101th Congress Sess. (1990).

 10. 101 LD. Public Policy Organizations – Who are they and what do 
they do? Living Donor 101 Website 2018. Available from: http://
www.livingdonor101.com/public_policy_organizations.shtml.

 11. Sanford J, Rocchiccioli J. Cash for kidneys: the use financial incen-
tives for organ donation. Policy Polit Nurs Pract. 2003;4(4):275–6.

 12. UNOS. National Data: Transplants by Organ Type United Network 
for Organ Sharing; 2018. Available from: https://unos.org/data/.

 13. OPTN.  Organ Procurement and Transplantation Network OPTN 
website: U.S.  Department of Health & Human Services; 2018 
[4/21/2018]. Available from: https://optn.transplant.hrsa.gov/.

 14. Organ Donation and Recovery Improvement Act, Congress of the 
United States, 108th Congress Sess. (2004).

 15. Carlson PD. The 2004 organ donation recovery and improvement 
act: how congress missed an opportunity to say “yes” to finan-
cial incentives for organ donation. J Contemp Health Law Policy. 
2006;23(1):136–66.

2 Overview of Solid Organ Transplantation and the United States National Organ Transplant Act (NOTA)

https://srtr.transplant.hrsa.gov/default.aspx
https://srtr.transplant.hrsa.gov/default.aspx
https://www.organdonor.gov/statistics-stories/statistics/data.html
https://www.organdonor.gov/statistics-stories/statistics/data.html
https://unos.org/national-organ-transplant-act-enacted-30-years-ago
https://unos.org/national-organ-transplant-act-enacted-30-years-ago
http://www.livingdonor101.com/public_policy_organizations.shtml
http://www.livingdonor101.com/public_policy_organizations.shtml
https://unos.org/data
https://optn.transplant.hrsa.gov


Part II

Pre-transplant Psychosocial Evaluation  
of Prospective Recipients and Donors



17© Springer International Publishing AG, part of Springer Nature 2019
Y. Sher, J. R. Maldonado (eds.), Psychosocial Care of End-Stage Organ Disease and Transplant Patients, 
https://doi.org/10.1007/978-3-319-94914-7_3

Because donated organs are a severely limited resource, the best potential recipients should be identified. The 
probability of a good outcome must be highly emphasized to achieve the maximum benefit for all transplants. 
(From: OPTN/UNOS Ethics Committee General Considerations in Assessment for Transplant Candidacy 
White Paper–2010) [1, 2]

The Psychosocial Evaluation 
of Transplant Candidates

José R. Maldonado

 Introduction

The number of transplant surgeries has risen steadily in the 
last 30 years in the USA (see Table 3.1; Fig. 3.1). For exam-
ple, in 1991, a total of 15,756 transplants were performed in 
the USA, while the number of patients on the waiting list 
hovered around 23,198 (all organs). At present, nearly 100 
transplants are performed each day in the USA [7]. Thus, by 
April 2018 (the last set of statistics available at time of pub-
lication), a total of 730,013 transplants had been performed 
in the USA, since 1988 (Table 3.2) [3].

Unfortunately, the availability of donated organs has not 
kept pace with the clinical demands. In fact, the number of 
available organs has remained relatively flat (see Fig.  3.1) 
[7]. According to the Organ Procurement and Transplantation 
Network (OPTN), every 10 minutes someone is added to the 
national transplant waiting list [7]. This has translated into a 
staggering statistic: on average, 20 patients die each day 
(which translates into 7300 candidates a year) while waiting 
for a transplant [3]. On average, 10–20% of all heart, liver, 
and lung transplant candidates die before an organ becomes 
available [4]. Transplant teams thus have become stewards of 
a very precious and limited resource.

 Benefits of Using Objective Psychosocial 
Assessment Tools

Despite the exponential growth in the need for organs, the 
method by which the medical community selects transplant 
recipients has seen little in terms of definitive change or the 

establishment of recipient selection standards. When evalu-
ating a patient’s candidacy as a potential transplant recipient, 
we must consider not only medical listing criteria, but also 
the patient’s psychosocial makeup.

Medical listing criteria have been relatively well estab-
lished and specifically defined for each end-organ system by 
the United Network for Organ Sharing (UNOS) (see 
Table 3.3) (e.g., for liver transplant recipients, the Model for 
End-Stage Liver Disease (MELD) system [16]; for lung 
transplant, the Lung Allocation System (LAS) [23]).

On the other hand, psychosocial listing criteria are less 
standardized, both regarding tools and techniques used. 
Unfortunately, OPTN/UNOS guidelines regarding the psy-
chosocial evaluation process are too broad and provide little 
direction: “All transplant programs should identify appropri-
ately trained individuals who are designated members of the 
transplant team and have primary responsibility for coordi-
nating the psychosocial needs of transplant candidates, recip-
ients, living donors and families (OPTN Evaluation Plan, 
page IV-6)” [29]. In fact, the OPTN/UNOS Ethics Committee 
recognized that “the concept of non-medical transplant candi-
date criteria is an area of great concern. Most transplant pro-
grams in the United States use some type of non-medical 
evaluation of patients for transplantation… There is general 
agreement that non-medical transplant candidate criteria need 
to be evaluated. The legitimate substance of such an evalua-
tion could cover a very wide range of topics” [2].

Over the years, studies have demonstrated a strong asso-
ciation between pre-transplant psychosocial vulnerability 
factors and a number of negative outcomes. These include 
negative medical outcomes, such as higher infection rates, 
treatment adherence, increased rejection episodes, acute late 
rejection, hospital readmissions, increased cost of care, 
 post- transplant malignancies, graft loss, and decreased trans-
plant survival. In addition, there are a number of adverse 
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psychosocial outcomes, including the development of 
depression, anxiety, and other psychiatric conditions and 
need for psychiatric admissions, relapse to substance use, as 
well as social complications (e.g., loss of social support, 
financial stress). The occurrence of these medical and psy-
chosocial outcomes has been linked to the ultimate trans-
plant success or failure [26, 30–54].

Yet, despite the fact that every organization regulating 
transplantation procedures recommends or requires a psycho-
social evaluation as a prerequisite for transplantation, psycho-
social evaluations have remained less standardized, regarding 
both the assessment tools used and the listing criteria consid-
ered. A literature review demonstrates that there is a relative 
absence of evidence-based guidelines for pre- transplant psy-
chosocial and behavioral screening [36, 39] and that trans-
plant programs and psychosocial expert consultants utilize 
different techniques and psychosocial eligibility criteria to 

evaluate prospective transplant candidates [46, 55]. In fact, 
data suggests that psychosocial assessments differ in content 
and application to candidate selection depending on the trans-
plant program [46, 55, 56]. A survey of transplant psychoso-
cial experts provided evidence for the need of expanding 
routine screening and support services to candidates for and 
recipients of transplants [57].

Until recently, the only national survey demonstrated a 
wide variability in the psychosocial listing criteria used by 
transplant programs. Even though there are no national stan-
dards or psychosocial minimal listing criteria, the survey 
found for example that there were certain conditions (i.e., 
current addictive drug use, active schizophrenia, current 
heavy alcohol use, history of multiple suicide attempts, cur-
rent suicide ideation, dementia) which were endorsed as 
“absolute contraindications to transplantation” by 70% of 
responders [46].

More recently, a Stanford research group conducted an 
online survey through Qualtrics of all 650 adult and pediat-
ric heart, kidney, liver, and lung programs in the USA, as 
identified by the OPTN [58]. A total of 343 programs sub-
mitted complete responses, representing 234 adult programs 
and 101 pediatric programs (response rate  =  52.8%). The 
survey listed 38 psychosocial pertinent characteristics, and 
participants were asked to determine to which degree these 
were relevant in their listing deliberation consideration (i.e., 
irrelevant (IR), an absolute (AC), or a relative contraindica-
tion (RC) to listing). The survey found that although pro-
grams reached consensus during listing deliberations on all 
characteristics, 6–40% of programs had no formal guide-
lines for these. Among the findings, we discovered that pro-
grams differed regarding the active use of cigarettes (AC 
heart 75.6%, kidney 22.0%, liver 17.6%, lung 93.3%, 
p < 0.001), recreational marijuana (AC heart 56.4%, kidney 
23.6%, liver 23.5%, lung 71.1%, p  <  0.001), and alcohol 
(AC heart 75.6%, kidney 58.3%, liver 56.5%, lung 88.9%, 
p  <  0.001) (see Fig.  3.2) and lacked consensus regarding 
undocumented status (AC 24.8%, IR 21.2%, p  <  0.001). 
Adult programs are more likely to consider psychiatric fac-
tors to listing (AC dementia, adult 47.9%, pediatric 26.8%; 
current suicidal ideation, adult 82.9%, pediatric 57.4%; 
unstable schizophrenia, adult 87.6%, pediatric 61.4%; 
unstable affective disorder, adult 66.7%, pediatric 39.6%; 
unstable personality disorder, adult 60.3%, pediatric 36.6%). 
We found that programs today are more stringent compared 
to those surveyed in 1993 [46] with regard to cigarette use 
(current AC 17.6%~93.3% vs Levenson AC 1.3%~43.6%), 
current incarceration (current AC 41.2%~61.4% vs 
Levenson AC 20.6%~46.2%), and lack of social support 
(current AC 37.2%~64.4% vs Levenson AC 2.6%~9.0%) 
but less stringent with regard to use of recreational drugs 

Table 3.1 US transplantation data: all organs

Year
Patients on the 
waiting list

Transplants 
performed

Donors 
recovered (both 
deceased and 
living donors)

2018 (January 
to March)

114,921 8509 4110

2017 127,374 34,768 16,476
2016 124,723 33,611 15,943
2015 122,071 30,975 15,071
2014 123,851 29,540 14,416
2013 121,272 28,954 14,256
2012 117,040 28,053 14,010
2011 112,766 28,540 14,149
2010 110,375 28,662 14,504
2009 105,567 28,459 14,632
2008 100,775 27,964 14,207
2007 97,670 28,366 14,400
2006 94,441 28,940 14,750
2005 90,526 28,118 14,497
2004 87,146 27,040 14,154
2003 83,731 25,473 13,285
2002 80,790 24,910 12,821
2001 79,524 24,239 12,702
2000 74,078 24,239 11,934
1999 67,224 22,026 10,869
1998 60,381 21,523 10,362
1997 53,167 20,314 9545
1996 46,961 19,765 9222
1995 41,203 19,396 8859
1994 35,271 18,298 8203
1993 31,355 17,631 7766
1992 27,563 16,134 7091
1991 23,198 15,756 6953

Ref. [3–5]
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other than marijuana (current AC 60.0%~88.9% vs Levenson 
AC 69.5%~92.3%) [58]. These results demonstrate that 
there continues to be a high degree of variability among 
transplant programs across the USA today.

Despite the lack of standardization, psychosocial con-
sultants can enhance the candidate selection process by 
fine- tuning the assessment of patients being considered 
for transplantation [30, 39, 44, 46, 49]. This can most 
effectively be done by focusing on risk factors that are 
associated with poor adherence/compliance and ultimate 
medical and psychosocial transplant success [34, 45, 
59–63].

Data suggest that there is not only a strong association 
between pre-transplant psychosocial vulnerability markers 
and post-transplant psychosocial outcomes [41], but also 
between specific psychosocial factors and ultimate trans-
plant success or failure [31, 33, 34, 38, 42, 43, 45–47, 49–52, 
54, 56, 64–66]. In fact, studies have demonstrated that many 
pre-transplant psychosocial problems continued after trans-
plantation and that psychiatric problems after transplantation 
led to a higher risk of infection, hospital readmissions, and 
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Fig. 3.1 Solid organ transplant shortage. (Source: [6])

Table 3.2 Transplants performed in the USA by organ type: January 1, 
1988 to March 31, 2018. Based on OPTN data as of April 26, 2018

Organ
Transplants performed (January 1, 1988 to 
April 28, 2018)

Kidney 430,054
Liver 157,902
Pancreas 8609
Kidney/pancreas 23,104
Heart 69,711
Lung 36,426
Heart/lung 1237
Intestine 2941
Abdominal wall 1
Head and neck: 
craniofacial

5

Head and neck: scalp 1
GU: penile 2
GU: uterus 10
Upper limb: bilateral 6
Upper limb: 
unilateral

4

Total 730,013

Ref. [3]
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Table 3.3 Medical listing criteria per end-organ system

End organ 1st Txp Medical criteria Developing entity Reference
Kidney 1954 (first successful kidney transplant, Boston) Kidney allocation 

score (KAS)
UNOS De Meester et al. (1998) [8]

Fuggle et al. (1998) [9]
Nyberg et al. (2001) [10]
Baskin-Bey et al. (2007) [11]
UNOS (2009) [12]
Desschans et al. (2008) [13]

Pancreas 1966 (first simultaneous kidney/pancreas 
transplant, Minnesota)
1968 (first successful isolated pancreas 
transplant)

Pancreas allocation 
score (PAS)

OPTN/UNOS 
pancreas 
transplantation 
committee

UNOS 2007
Desschans et al. (2008) [13]
Revised (2009) [14]

Heart 1967 (S. Africa)
1968 (first successful heart transplant, Stanford, 
CA)

New York heart 
association 
(NYHA) functional 
classification

NYHA NYHA (1994) [15]

Liver 1967 (first successful liver transplant, Denver)
1988 (first split-liver transplant)
1989 (first successful living donor liver 
transplant)
1998 (first successful adult-to-adult living donor 
liver transplant)

Model for 
end-stage liver 
disease (MELD)

Mayo Clinic Kamath et al. (2001) [16]
Wiesner et al. (2003) [17]
Horslen (2004) [18]
Kamath and Kim (2007) [19]
Desschans et al. (2008) [13]
Freeman (2008) [20]
Singal and Kamath (2013) [21]

Lung 1981 (first successful heart-lung transplant)
1983 (first successful single-lung transplant, 
Toronto)
1986 (first successful double-lung transplant)
1990 (first successful living donor lung transplant)

Lung allocation 
score (LAS)

OPTN/UNOS De Meester et al. (2001) [22]
UNOS (2005) [23]
OPTN (2015) [24]
Smits et al. (2018) [25]

Intestine 1987 (first successful intestinal transplant) Intestine allocation 
score (IAS)

OPTN/UNOS
Liver and intestinal 
organ transplantation 
committee

UNOS (2015)
Desschans et al. (2008) [13]
Revised (2011)

Source: [26–28]
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Fig. 3.2 Stanford 2018 online survey of transplant program psychosocial listing criteria. (Source: [58])
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higher medical costs [67]. While some researchers demon-
strated that the global psychosocial risk was associated with 
the number of rejection episodes and medication adherence 
after transplantation [68], others found that increasing psy-
chiatric risk classification (i.e., high risk versus acceptable 
versus good candidates) was associated with a greater hazard 
of post-transplant mortality [63]. Four psychosocial vari-
ables (i.e., previous suicide attempts, poor adherence to med-
ical recommendations, past history of substance abuse, and 
depression) were significantly associated with shortened 
post-transplant survival and/or greater risk for post- transplant 
infection [63]. In fact, differences among risk groups 
emerged early in the post-transplant process, with patients in 
the high-risk group experiencing greater mortality shortly 
after transplant, compared with the acceptable and good 
groups. More recently, a prospective study demonstrated that 
selected pre-transplant psychosocial factors predicted both 
post-transplant nonadherence to treatment and poor clinical 
outcome (i.e., nonadherence to immunosuppressant medica-
tions, late acute rejection, graft loss, and resource utiliza-
tion), after controlling for medical predictors of poor 
outcome [60].

We thus suggest that the transplant recipient selection 
process should follow a continuum from (1) the determina-
tion that a patient suffers from end-stage organ disease to (2) 
an assessment for indications for transplantation, (3) a paral-
lel screening for both medical and psychosocial fitness and/
or contraindications to transplantation, (4) being wait-listed 
for the specific organ transplant, and (5) transplantation (see 
Fig. 3.3).

At the end, the goals of a psychosocial pre-transplant 
evaluation should include the following:

• To identify patient’s level of neuropsychiatric and cogni-
tive functioning in order to address current psychiatric 
issues and help minimize preventable challenges.

• To identify patient’s social support network, thus allow-
ing the identification of candidates with suboptimal social 
support systems, allowing for strengthening of existing 
systems, and providing the needed resources to develop a 
robust support system.

• To promote fairness and equal access to care.
• To maximize optimal outcomes and the wise use of scarce 

resources.
• To ensure that the potential for benefits outweighs surgi-

cal and medical risks to the patient by identifying poten-
tial risk factors (i.e., substance abuse, adherence issues, or 
serious psychopathological conditions) that may result in 
increased risk of postoperative nonadherence and 
morbidity.

• To provide clinicians the information required to develop 
and implement treatment plans addressing psychosocial 
vulnerabilities for individuals at high risk, in order to 

reduce harm, mitigate risk, and optimize graft survival 
and patient’s level of functioning and overall quality of 
life [47].

 Psychosocial Assessment Tools

Over the years, a number of psychosocial assessment 
tools have been developed. Table  3.4 summarizes all 
transplant psychosocial assessment tools published to 
date. Each tool has its own characteristics and psychomet-
ric properties.

The Psychosocial Assessment of Candidates for 
Transplantation (PACT) consists of eight items, each rated 
on a 5-point scale, plus the rater’s overall impressions [69]. 
The Psychosocial Levels System (PLS) assesses patients on 
three gradations of intensity, taking into account seven psy-
chosocial variables, suggesting it was “the first stage in 
developing a system to reliably identify high-risk Bone 
Marrow Transplant (BMT) patients at the onset of medical 
treatment” [70]. The Transplant Evaluation Rating Scale 
(TERS), a revision of the PLS, consists of 10 items rated on 
a 3-point scale. The tool provides a single summary score 
that indicates a patient’s current level of functioning as well 

Diagnosis of end-stage
organ failure

Assessment for
indications to

transplantation 

Screening for
contraindications 
to transplantation 

Screening for
psychosocial

 contraindications

Screening for
medical contraindications 

Wait-listed for
transplantation 

Continued
surveillance

Organ transplantation

Fig. 3.3 Road to transplantation. (Source: [26])
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as a weighted score for each variable, suggesting it “can 
become a valuable instrument enabling consultants to organ 
transplant programs to predict patients’ psychosocial adjust-
ment” [71].

Each scale has different interpretative characteristics. After 
the original 1991 paper, no further manuscripts have been pub-
lished using the PLS, which seems to have been replaced by 
the TERS. One study compared the PACT to TERS on candi-
dates for BMT and found comparable inter-rater reliability, 
although the authors suggested that “the 5-point scaling of 
PACT items allows more leeway in making ratings” [74]. In 
addition, the PACT allows for a clinician’s subjective experi-
ence (via the “final rating”) to overcome the total items score 
thus defeating the attempt at objectivity [74]. A more recent 
study explored the association of the PACT subscales and the 
final rating with 16 post- transplant medical outcomes and 
found significant relationships (P ≤ 0.05) between PACT sub-
scales and several medical outcomes, yet the final rating score 
and medical outcomes were not significantly correlated [75].

A study of lung transplant patients (n  =  110) divided 
recipients into high and low psychosocial risk cohorts using 
a PACT score cutoff of 2 (i.e., recipients with an initial PACT 
score < 2 deemed as poor or borderline candidates and scores 
≥2 deemed as acceptable, good, or great candidates). The 
authors found that an initial PACT score of <2 was modestly 
associated with higher mortality (adjusted hazard ratio = 2.73, 
p = 0.04) [76].

Similarly, a prospective study of patients undergoing 
hematopoietic cell transplantation (HCT) (n = 366) assessed 
the relationship between the TERS scores and objective out-
come measures (e.g., length of hospitalization stay [LOS] 
and survival) [77]. For purposes of the study, patients were 
stratified into two groups (low/moderate risk vs high risk), 
based on their predicted psychosocial risk for problems pre-
transplant (i.e., TERS scores). There was a significant differ-
ence in the median length of hospitalization between patients 
who scored low/moderate (LOS = 10 days) and those who 
scored high (LOS = 21.5 days) on the TERS. Furthermore, 
2-year overall survival was significantly improved in alloge-
neic transplant patients who scored low/moderate versus 
those who scored high on the TERS (72% vs 46%; 
p  <  =0.02). These findings suggest a strong correlation 
between pre-transplant psychosocial risk factors, resource 
utilization, and patient outcomes in HCT [77].

There is no data regarding how widespread the use of 
PACT or TERS is.

 The Stanford Integrated Psychosocial 
Assessment for Transplantation (SIPAT)

In an attempt to eliminate selection bias and standardize the 
psychosocial evaluation process for solid organ transplant 
candidates, the Psychosocial Medicine Team at Stanford 
studied the available literature on transplantation and the 
psychosocial factors contributing to the graft success or fail-
ure. The aims of the study were to (1) to develop an objective 
tool to assess the psychosocial factors that better predict 
patients’ adherence and graft survival and (2) to develop a set 
of psychosocial listing criteria to help guide transplant pro-
gram’s selection process [26]. The team conducted a com-
prehensive review of the literature on the psychosocial 
factors that influence transplant clinical outcomes and 
reviewed all available published data regarding currently uti-
lized psychosocial criteria for candidate selection. The result 
of this process was the development of a comprehensive pre- 
transplant candidate evaluation tool: the Stanford Integrated 
Psychosocial Assessment for Transplantation (SIPAT). The 
scale addresses only psychosocial variables that are sup-
ported by evidence-based data for treatment adherence, qual-
ity of life, and graft survival [73]. According to our review of 
the literature, the psychosocial factors that appear to better 

Table 3.4 Psychosocial pre-transplant assessment tools

1989 PACT
PACT: Psychosocial 
Assessment of 
Transplant Candidates 
[69]

Eight items rated on a five-point 
scale plus the rater’s overall 
impressions: a “final rating” that 
can overrule the total score

1991 PLS
PLS: Psychosocial 
Levels System [70]

Three gradations of intensity, 
accounting for seven psychosocial 
variables
Developed for BMT patients

1993 TERS: Transplant 
Evaluation Rating 
Scale [71]

Revision of the PLS
Ten items rated on a three-point 
scale
Single summary score to indicate 
functioning, plus weighted score 
for each variable

2012 SIPAT
Stanford Integrated 
Psychosocial 
Assessment for 
Transplantation [26]

Determined 18 risk factors in 4 
domains:
  Patient readiness
  Social support
  Psychological stability
  Substance abuse
Certain items more heavily 
weighted based on evidence that 
they are more predictive of 
nonadherence and clinical 
outcomes

2014 mPACT
Modified PACT [72]

Revision of PACT for VAD 
patients

2018 SIPAT-MCS: †

Stanford Integrated 
Psychosocial 
Assessment for 
Transplantation – 
Cardiac Mechanical 
Circulatory Support 
(MCS)  Version

Adaptation of the SIPAT tool for 
the assessment of candidates for 
cardiac mechanical circulatory 
support (MCS)

Sources: [26, 48, 69–73]
† = Tool already developed; currently is being tested and validated
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predict patient’s adherence and graft survival fall in the fol-
lowing four domains (which include a total of 18 identified 
risk factors) (see Fig. 3.4):

• Patient’s readiness level and illness management (5 
items).

• Social support system’s level of readiness (3 items).
• Psychological stability and psychopathology (5 items).
• Substance use disorders (5 items).

Based on the assessment of these factors, the SIPAT pro-
vides an overall risk severity score for psychosocial variables 
important in predicting post-transplant behavior, psychoso-
cial support viability and effectiveness, treatment adherence, 
substance abuse and recidivism, and mental health. Studies 
have shown that the psychosocial and behavioral characteris-
tics were comparable among solid organ, pre-transplant can-
didates [26]. Thus instead of performing the pre-transplant 
psychosocial screening in an organ-specific fashion, we 
designed and recommend a more general screening protocol.

Our review of the evidence suggested that some of the 
measured factors are more predictive of treatment nonadher-
ence and clinical outcomes than others. Therefore, the SIPAT 
items scoring system is weighted more heavily to compen-
sate for this reality. When administering the SIPAT or con-
ducing a psychosocial transplant evaluation in general, it is 
important that, whenever possible, psychosocial consultants 
utilize as many sources of collateral information as possible 
(e.g., review of medical and psychiatric records, prior pre- 
transplant evaluation records, interview of family members 
and medical/psychosocial providers) in order to establish 
and verify the facts provided. This is particularly important 
in patients suffering from end-stage organ failure or enceph-
alopathy, even more so in the case of candidates presenting 
in fulminant organ failure. Developing good collaborative 
relationships with the patient’s medical providers and family 
members can provide a wealth of useful and corroborating 

(or conflicting) information, which may be beneficial for the 
evaluation process.

 SIPAT: Rationale for the Inclusion of Specific 
Psychosocial Variables

For organ transplantation to be an effective treatment, many 
factors must work in concert: the quality of the donated 
organ and degree of match between the donor and recipient, 
the surgical skill, ischemic time, the right postsurgical immu-
nosuppressant therapy regimen, and the active cooperation 
of the patient with the therapeutic plan. Similarly, the pres-
ence of psychosocial factors appears to be a major contribu-
tor to poor post-transplant adherence, reduced quality of life 
[26, 48, 56, 78–82], and increased physical morbidity in the 
years after transplantation.

Treatment adherence (i.e., the active cooperation of 
patients with their healthcare professionals regarding atten-
dance to clinics and laboratory appointments, following a 
specified medication schedule without deviations, following 
a diet and/or exercise/rehabilitation plan, and the notification 
of problems to the treatment team) significantly affects the 
life span and quality of life of recipients. Conversely, nonad-
herence is a major risk factor for graft rejection episodes and 
is responsible for up to 25% of deaths after the initial recov-
ery period in all organ transplants [83]. Overall, it has been 
estimated that post-transplantation nonadherence rates range 
between 20% and 50% [67, 84–88].

Thus, it is fair to say that the main purpose of pre- 
transplant psychosocial evaluations is to “assess for the pres-
ence of psychosocial vulnerabilities that may contribute to 
treatment nonadherence and diminish post-transplant quality 
of life and use objective screening tools to identify patients 
in need of help with psychosocial problems in order to 
increase the odds of maximizing good outcomes after trans-
plantation” [26, 47]. Indeed, others have demonstrated that 

Fig. 3.4 Stanford Integrated 
Psychosocial Assessment for 
Transplantation (SIPAT). 
(Refs: [26, 48])

3 The Psychosocial Evaluation of Transplant Candidates



24

perioperative psychosocial characteristics are strong and sig-
nificant predictors of post-transplant nonadherence [87].

A study of alcoholic liver disease patients (ALD) (n = 99), 
evaluated for potential liver transplantation (LT), demon-
strated that the presence of a number of psychosocial factors 
(i.e., history of suicidal ideation, p  =  0.03; living alone, 
p = 0.006; history of alcohol-related hospitalization, p = 0.01; 
lack of alcohol rehabilitation, p = 0.001; failure to accept fur-
ther rehabilitation before transplantation, p  =  0.01) were 
associated with a failure to comply with transplant listing 
requirements, leading to patients never being listed or being 
removed from the transplant list due to nonadherence [45].

Among heart transplant (HT) recipients (n = 125), post- 
transplant nonadherence was associated with substance 
abuse history (p = 0.0007), personality disorder (p = 0.007), 
living arrangements (e.g., with family vs alone) (p = 0.02), 
and global psychosocial risk (p = 0.001) (see Fig. 3.5) [68]. 
Two factors contributed to the overall variance in compli-
ance: substance abuse (odds ratio (OR) of nonadherence 
3.69 [95% confidence intervals (CI) 1.07–12.71, Pearson’s 
chi-squared test (Χ2) =4.28, P = 0.039]) and global psycho-
social risk (OR of nonadherence 3.76 [95% CI 1.18–11.97, 
Χ2 = 5.03, P = 0.025]). In addition, the number of rejection 
episodes was associated with global psychosocial risk 
(P = 0.029), and trends were observed for rejection episodes 
and personality disorder (r  =  0.22, P  =  0.06) and support 
group attendance (r = 0.16, P = 0.08). Another preliminary 
finding of the study was the inverse relationship between 
development of transplant coronary artery disease (CAD) 
and education (P  =  0.01). These results suggest that pre- 
transplant evaluations of psychosocial risk factors can iden-
tify patients with an increased risk of post-transplant 
nonadherence and increased morbidity [68].

A prospective analysis of HT recipients (n = 145) indi-
cated that specific areas of medical nonadherence and spe-
cific types of psychiatric problems occurring during the first 
year post-transplant were robustly related to acute graft 

rejection, incident CAD, and mortality from 1 to 3  years 
post-transplant [83]. Figure  3.6 shows that recipients who 
missed medications during the first year post- transplant were 
4.17 times more likely to experience acute rejection episodes 
during the follow-up period, and the experience of acute 
rejection led to a 6.88 times greater risk of mortality [83]. 
Similarly, recipients with persistently elevated levels of 
depressive symptoms and/or anger/hostility symptoms were 
over four to eight times more likely to develop CAD. In fact, 
patients who met criteria for transplant- related post-trau-
matic stress disorder (PTSD-T) during the year after the 
transplant were over 13 times more likely to have died by 
3 years post-transplant (Fig. 3.6) [83].

Among HT recipients (n = 191), a multivariate analysis 
demonstrated a strong “dose-response effect” of the presence 
of the number of psychosocial risk factors (i.e., pre-trans-
plant psychiatric history, female gender, longer hospitaliza-
tion, more impaired physical functional status, and lower 
social supports from caregiver and family in the periopera-
tive period) to post-transplant nonadherence (see Fig.  3.7) 
[89]. Risk factors’ effects were additive; the presence of an 
increasing number of risk factors bore a dose-response rela-
tionship to cumulative risk of developing psychiatric disor-
ders post-transplant. For example, among HT recipients by 3 
years post-transplant, if one or no psychosocial risk factor 
was present, the probability of post-transplant psychiatric 
disorder was <20%; the probability rose to 50%, if two to 
three factors were present; but prevalence of a psychiatric dis 
was as high as 70% if ≥4 psychosocial factors were present 
(p < 0.0001) [89].

Finally, among HT recipients, a number of psychosocial 
variables (i.e., previous suicide attempts, poor adherence to 
medical recommendations, previous drug or alcohol reha-
bilitation, depression) significantly predicted attenuated sur-
vival times (p = 0.004) (see Fig. 3.8) [90]. In this cohort, a 
history of suicide attempt(s) was also strongly associated 
with time to infection and/or rejection episode (p < 0.001).
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Thus, the data suggests that it is not just the presence but also 
the additive effect of pre-transplant psychiatric conditions, in 
addition to multiple other psychosocial factors, that has a pre-
dictive value regarding development of post- transplant medical 
and psychosocial complications, which may then affect the 
patient’s quality of life, and the ultimate graft survival.

A prospective, cross-sectional study of HT patients 
(n = 147) demonstrated that 24.5% of post-transplant patients 
experienced some symptoms of depression. It further dem-
onstrated that the survival outcome was significantly differ-
ent among the three depression subgroups (log-rank Χ2: 9.48, 
P = 0.01). Thus, higher level of depressive symptoms was 
associated with an almost threefold increase in the risk of 
mortality (see Fig. 3.9) [62].

Similarly, researchers studied patients who received LT for 
the treatment of ALD (n = 167) and found three trajectories of 
depressive symptoms evolving within the first post-LT year: a 
group with consistently low depression levels at all timepoints, 
a group with initially low depression levels that rose over time 
(i.e., increasing), and a group with consistently high depres-
sion levels [91]. After controlling for medical factors associ-
ated with poorer survival, compared to low depression patients, 
the increasing and high depression groups were more than 
twice as likely to die (all-cause mortality) over the subsequent 
year (hazard ratio [HR] 2.25, CI 1.2–4.3, and HR 2.38, CI 
1.2–4.7, respectively) (see Fig. 3.10). The increasing and high 
depression groups had significantly poorer survival beyond 
the first post-LT year (χ2 = 34, p = 0.000) compared to those 
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in the low depression group. At 10 years post-LT, the survival 
rate was 66% for the low depression group, but only 46% and 
43%, respectively, for the increasing depression and high 
depression groups [91].

 SIPAT: Domains Measured

 Domain A: Patient’s Level of Readiness

(Item 1) Knowledge and Understanding of Medical Illness 
Process (that Caused Specific Organ Failure), (Item 2) 
Knowledge and Understanding of the Process of 
Transplantation, (Item 3) Willingness and Desire for 
Transplantation, (Item 4) Treatment Adherence, and (Item 5) 
Lifestyle Factors Influencing the Medical Process.

The effectiveness of any treatment does not only depend 
on the right choice of therapy but largely also on the active 
cooperation of the patient in the therapeutic regimen (i.e., 
adherence). Lack of cooperation on the part of the patient 
often means that therapy fails [31].

Studies have demonstrated the link between a patient’s 
understanding of their diagnosed illness and treatment adher-

ence. In fact, studies have found that cause and understand-
ing of patient’s illness affect patient’s engagement in their 
treatment regimen and that lack of understanding can lead to 
frustration and ambivalence, leading to nonadherence [92]. It 
is not only important for patients to understand just what to 
do with their medications and how to do it, but for them to 
understand their disease and how medication compliance 
greatly impacts their well-being, as well as the adverse con-
sequences of immunosuppressive nonadherence [93].

Others have demonstrated that improved health knowledge 
was associated with a strengthened sense of control in patients, 
which resulted in high levels of patient satisfaction. The 
authors concluded that with improved understanding of their 
illness, patients were better able to predict disease outcomes, 
which led to a perceived enhanced sense of control over their 
lives and a better understanding of how they were able to live 
with their disease [94]. Studies have found that inaccurate self-
report or low awareness of chronic disease may be associated 
with increased risk of death by as much as 46% for coronary 
intervention, 34% for ischemic heart disease, and 40% for 
chronic obstructive pulmonary disease [95].

A number of studies link understanding of transplant pro-
cess to post-transplant adherence. A study on the effects of a 
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pre-transplant interdisciplinary orientation among LT patients 
demonstrated that group interventions can enhance a patient’s 
understanding regarding the process of transplantation, what 
to expect during the peri-transplant period, the use and impor-

tance of immunosuppressive drugs, and general and specific 
transplant requirements, thus enhancing patients’ role in their 
own care [96]. Others have found that enhanced understand-
ing can improve the patient’s adherence to medications and 
minimize the nonadherence (from 43% to 19%) [97].

Inadequate knowledge by patients of their condition and 
treatment is a predictor of nonadherence after LT.  In fact, 
many patients desire a comprehensive understanding of the 
medical regimen with an appropriate rationale for each aspect 
of the regimen, along with information about expected health 
outcomes, suggesting that patients are more likely to adhere 
to the post-transplant medical regimen when they fully under-
stand its rationale [98]. Adherence with post- transplant rec-
ommendations requires patients to better understand the 
following elements: the anticipated wait for a deceased donor, 
the surgical procedure, the immediate postoperative manage-
ment, and the long-term reality of transplantation [99].

While transplantation is a life-saving procedure for patients 
with end-stage organ failure, it remains an elective procedure, 
despite the reality of a poor prognosis should a patient choose 
not to undergo this complex procedure and associated lifelong 
management. Thus, it is not just important to assess the candi-
date’s understanding of their illness and transplant procedure, 
but also important to ascertain their grasp of the lifelong com-
mitment involved in transplantation. Patients must be able to 
comprehend the risks and benefits of the surgery and the 
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importance of adherence to a medical regimen (i.e., informed 
consent). The literature suggests that a patient’s wishes and 
degree of motivation for transplantation should be included in 
the psychosocial assessment [44, 99].

Many providers have met patients who are not fully moti-
vated to proceed with transplantation because they “feel too 
well” or have not developed enough of the end-stage organ 
failure symptoms that interfere with their quality of life, 
despite the objective clinical data presented by their physi-
cian. Studies have demonstrated that denial of illness sever-
ity may be a potential contraindication to HT [31]. Others 
have found that recipients who had had positive expectations 
regarding the transplantation process were significantly more 
compliant in all areas post-transplantation [100]. Similarly, a 
survey of transplant clinician’s perceptions of compliance 
found that 53% of clinicians identified lack of knowledge 
about the post-transplant regimen as a major determinant of 
nonadherence [101].

Poor preoperative adherence with medical treatment and/
or restrictions (e.g., not keeping clinic appointments, refusal 
to pursue investigations of medical issues with no particular 
grounds, and self-medication or willfully switching medica-
tion doses) seems to persist postoperatively and is the major 
determinant of postoperative nonadherence [31, 39, 66].

Available data suggests that, among those with chronic 
illnesses, a history of nonadherence with medical treatment 
predicts future treatment nonadherence [60]. In fact, a pro-
spective study of transplant patients (N = 141; lung 52, heart 
28, liver 61) demonstrated that self-reported pre-transplant 
medication nonadherence was an independent predictor of 
post-transplant nonadherence (OR = 7.9) and of late acute 
rejection (OR = 4.4), and it predicted a trend towards greater 
number of hospitalization days after transplantation [60].

Similarly, a retrospective chart review of 126 kidney 
transplant (KT) recipients over a 3-year period demonstrated 
that pre-transplant nonadherence predicted post-transplant 
nonadherence and graft loss or death [102]. Others have 
demonstrated that nonadherence with immunosuppression 
therapy after HT was associated with a significant increase in 
transplant coronary artery disease (TxCAD) (p = 0.025) and 
was associated with significantly shorter clinical-event–free 
time compared with compliers (mean, 1318 vs 1612 days; 
p = 0.043) [103]. In addition, nonadherent patients experi-
enced a greater rate of late acute rejection (11.8% vs 2.4%) 
and re-transplantation (13.3% vs 2.5%), although these dif-
ferences were not statistically significant [103].

Some data have suggested that younger age and low 
socioeconomic status were predictive of nonadherence in 
prospective studies of KT recipients [51], having devastat-
ing effects in the post-transplant period. In fact, in this 
study, 91% of recipients who were nonadherent with taking 
medication and follow-up care experienced graft loss or 
death.

In addition, recipients who reported higher stress and 
more depression, who coped with stress by using avoidant 
coping strategies, and who believed that health outcomes are 
beyond their control were less compliant with both medica-
tions and follow-up (all p’s  <  0.05). Regression analyses 
revealed that stress was the strongest predictor of nonadher-
ence for medications and follow-up care [104].

Many have already demonstrated that medication nonad-
herence is a contributing factor to acute organ rejection epi-
sodes, thus leading to premature death [66, 67, 81, 82, 85, 
105–107]. A prospective study of HT patients demonstrated 
that poor medication adherence during the first year post- 
transplant increased risk for acute rejection by over fourfold 
(see Fig. 3.6) [83]. Furthermore, studies have demonstrated 
that adherence to various medical (i.e., medication taking, 
monitoring blood pressure, completing blood work, clinic 
follow-up visits) and lifestyle (i.e., diet, exercise, alcohol 
consumption, smoking) restrictions worsened significantly 
(p < 0.05) over time, after transplantation [87].

Poor adherence with other lifestyle factors (e.g., diet, 
exercise, and weight control) has been hypothesized to con-
tribute to the development and progression of CAD in HT 
recipients [67, 83, 108–110]. Behavioral interventions 
should be introduced at the time of the pre-transplant evalu-
ation, given the impact of health behaviors on survival, 
comorbidities, and quality of life [111].

 Domain B: Social Support System

(Item 6) Social Support Availability, (Item 7) Functionality 
of the Social Support System, and (Item 8) Appropriateness 
of Physical Living Space and Environment

There are an abundance of studies in the scientific lit-
erature that validate the essential role of social support and 
its link to treatment adherence, quality of life, and graft 
survival in transplant patients [32, 37, 44, 57, 87, 112]. 
There is no doubt that the family and psychosocial support 
network play an important role with respect to survival and 
morbidity [52, 65, 113–116]. In fact, in some studies the 
support from a spouse was one of the most important fac-
tors in predicting the success of the transplant [117, 118]. 
A study of LT candidates demonstrated that the absence of 
a psychosocial support network was a significant risk fac-
tor predicting failure to meet listing requirements among 
end-stage liver disease patients (p  =  0.006) [45]. See 
Table 3.5 for a description of the factors to consider when 
assessing the availability of a candidate’s psychosocial 
support system.

A prospective study of transplant patients (i.e., heart, 
liver, and lung) also confirmed that the presence of low social 
support prior to transplant was an independent predictor of 
post-transplant nonadherence (OR = 0.9) [50]. In addition, 
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among transplant patients, living in an unstable relationship 
predicted post-transplant graft loss (OR = 4.9) [60].

Others have demonstrated that marital status and living 
with another person increase adherence modestly, suggest-
ing that the functioning of the social support network may be 
equally, if not more, influential [119].

Not only is the presence of a social support system imper-
ative for transplant success, but also the functionality of this 
support network exerts significant influence. In considering 
the support system’s functionality, we must understand that 
sheer numbers are not enough. Significant quality and func-
tionality, versus a large quantity, are imperative when con-
sidering the complex medical regimen and care of the 
transplant patient in both the pre- and post-transplant phases 
[120, 121]. The literature regarding the emotional, physical, 
and financial toll on caregivers who have provided care for 
their loved ones suffering from chronic illness is well estab-
lished [122]. A study of patients with end-stage heart disease 
found that spousal behavioral disengagement (i.e., giving up 
or withdrawing effort from attempting to reach the goal that 
is blocked by the stressor) during the pre-transplant evalua-
tion was significantly associated with HT candidates’ depres-
sion [123].

A meta-analysis of studies over a 50-year period demon-
strated that practical support had the highest correlation with 
adherence to medical treatments [119]. In fact, adherence 
was 1.74 times higher in patients from cohesive families, but 
1.53 times lower in patients from families in conflict [119]. 
Similarly, among lung transplant patients, the absence of an 
adequate caregiver support system was associated with the 
development of major depressive disorder (MDD) after 
transplantation [124]. See Table 3.6 for a description of the 
factors to consider when assessing the functionality of a can-
didate’s psychosocial support system.

Finally, data suggest that social and environmental vari-
ables, such as poor financial status and living at increased dis-
tance from the transplant center, both play a significant role in 
inhibiting adherence. Living arrangements, specifically in 
terms of distance to transplant center and appropriateness of 
facilities, were found to be a significant risk factor for trans-

plant failure [46, 86]. The World Health Organization (WHO) 
2003 report found that nonadherence to medication regimen 
was associated with socioeconomic factors (e.g., demograph-
ics, social support) among chronically ill patients [125].

 Domain C: Psychological Stability 
and Psychopathology

(Item 9) Presence of Psychopathology, (Item 10) Organic 
Psychopathology or Neurocognitive Impairment, (Item 11) 
Influence of Personality Traits or Disorder, (Item 12) 
Truthfulness or Deceptive Behavior, (Item 13) Overall Risk 
for Psychopathology

Multiple studies have demonstrated a correlation between 
the presence of pre-transplant psychopathology and poor 
medical and psychosocial outcomes after transplantation. 
For example, high levels of psychiatric distress often affect 
the adherence behaviors that lead to negative medical out-
comes [26, 67, 87].

Available data and clinical experience suggest that psychi-
atric problems before transplantation are consistently reported 
to persist after transplantation, which are highly associated 
with nonadherence (see Table 3.7) [45, 50, 67, 83, 86, 126–
132]. Many have described a strong influence of psychiatric 
illness (i.e., depression, anxiety, and personality disorders) on 
post-transplant morbidity and mortality [83, 133].

A study of pre-transplant candidates across organ systems 
(i.e., heart, kidney, lung, and liver transplant candidates; 
n = 311) found that over 60% of candidates met criteria for a 
major psychiatric disorder and that 32% meet criteria for 
personality disorders [33]. As expected, the presence of an 
active (current) major psychiatric disorder was associated 
with a past history of psychiatric disorders (Χ2  =  32.36, 
df = I, P = 0.0000), and family history of psychiatric illness 
(Χ2 = 6.27, df = I, P = 0.0 I), which was also associated with 

Table 3.5 Factors to consider when assessing the availability of a 
patient’s psychosocial support system

Who is/are the patient’s support person(s)
How long has patient known the support person(s)
What is the nature of the relationship of the support to the patient
What seems to be the motivating factors for the support in making 
the commitment to provide help
How easy or difficult would it be for the support person(s) to take 
the necessary time off from their lives and/or employment in order 
to fulfill the commitment of providing support
Is the support person(s) willing to relocate, if needed, in order to 
participate in the transplant education process and/or participate in 
the pre- and post-transplant care

Table 3.6 Factors to consider when assessing the functionality of a 
patient’s psychosocial support system

Their historical facts that would predict failure or success in this 
relationship
How well does the patient and support person(s) know each other
What is the nature of their current relationship
Does the support person(s) display a healthy emotional investment 
in the patient and their recovery
Is there evidence of tension, resentment, reluctance – including the 
fact the identified support person(s) was chosen because “there is no 
one else”
How stable is the identified support person’s health (i.e., is there a 
history of physical or mental illness, which may interfere with the 
support persons’ ability to provide the needed help)
Are there any substance use issues in the support team, which may 
interfere with their ability to assist or adversely influence the status 
of the recipients
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current personality disorder (Χ2 = 5.61, df =  I, P = 0.018) 
[33]. Pre-transplant coping was related to the presence of any 
major psychiatric (Χ2 = 52.52, df = 2, P = 0.0000) and per-
sonality disorders (Χ2 = 49.20, df = 2, P = 0.0000); and both 
major psychiatric diagnoses and personality disorders were 
significantly associated with ratings of marital disharmony 
and inadequacy of social support. Similarly, the presence of 
a major psychiatric disorder was associated with increas-
ingly poorer psychosocial adjustment and health status after 
transplantation, while the presence of a personality disorder 
was significantly associated with global medical nonadher-
ence (Χ2 = 26.69, df = 2, P = 0.0000), including drug misuse 
(Χ2 = 6.63, df = I, P = 0.01) [33]. Further examination of the 
HT recipient’s sample (n = 94) examined before surgery and 
followed up to 56 months after transplantation revealed that 
the presence of a psychiatric disorder pre-transplant was spe-
cifically related to post-transplant hospital utilization 
(p = 0.01), while personality disorders were related to post-
transplant health behaviors/coping style and social support 
problems (p  =  0.004) [32]. The authors then divided the 
sample into low and high psychosocial risk based on a com-
posite score of psychometric indexes of health behavior/cop-
ing style and social support measures, which was highly 
correlated with post-transplant survival (p  <  0.009) (see 
Fig. 3.11) [134].

In a study of HT patients (n = 152), the authors found that 
baseline depression and anxiety levels were higher in isch-
emic cardiomyopathy patients (ICMP) as compared with 
those with dilated cardiomyopathy (DCMP). The authors 
divided the sample into low and high anxiety and depression, 
based on standardized scores. The dichotomized pre-HT 
anxiety scores were not a predictive factor in postoperative 
outcome. On the other hand, among those with ICMP, 
patients in the high depression group preoperatively experi-
enced significantly higher mortality rates after HT compared 
with those in the low preoperative depression group (RR 
5.06; 95% CI, 1.07–23.89; p < 0.05) (see Fig. 3.12) [134].

Similarly, Dew et al. [133] confirmed that a history of pre- 
transplant psychiatric problems, poor social supports, the use 
of avoidant coping strategies, and low self-esteem were asso-
ciated with increased major psychiatric disorders post- 
transplant [133]. Furthermore, data suggest that transplant 
candidates and recipients exhibiting high levels of psycho-

logical distress in formal testing seem to experience greater 
mortality rates [135].

In a cohort of HT recipients, those with persistently ele-
vated levels of depressive symptoms and/or anger/hostility 
symptoms were over four to eight times more likely to develop 
CAD during the period 1–3 years post-transplant [83].

Among thoracic transplant recipients (i.e., heart and lung; 
n = 304), pre-transplant symptoms of depression and anxiety 
were associated with an increased risk of post-transplant 
panic disorder (HR 9; 95% CI, 2.71–30.30; p  <  0.001), 
increased MDD (HR 2.5; 95% CI, 1.43–4.39; p < 0.01), and 
increased PTSD-T (HR 2.6; 95% CI, 1.21–5.68; p < 0.05) 
[124]. In fact, the risk for each of these psychiatric disorders 
was increased over twofold to ninefold by a pre-transplant 
history of mood or anxiety disorder [124].

A study of LT candidates found that a history of suicide 
ideation was significant risk factor predicting failure to meet 
listing requirements among end-stage liver disease patients 
(p = 0.03) [45].

Similarly, the presence of psychopathology after trans-
plantation has been associated with medical comorbidities. 
For example, among HT recipients, those who developed 
PTSD-T experienced significantly increased mortality (RR 
13.74) [83]. Prospective studies have demonstrated that the 
presence of depression and persistent anger- hostility sig-
nificantly increased the risk of incident CAD in HT recipi-
ents [83].

A study of bone marrow transplant (BMT) patients found 
that 9% of recipients developed MDD and that this was asso-
ciated with a significantly increased mortality at 1 year (HR 
2.59; 95% CI, 1.21–5.53; P = 0.014) and 3 years (HR 2.04; 
95% CI, 1.03–4.02; P = 0.041) [136].

Many have described a relationship between personality 
traits or disorders and negative sequelae after organ transplan-

Table 3.7 Psychological variables associated with nonadherence after 
transplantation

Depressive disorders
Anxiety disorders
Anger/hostility
Denial
Personality disorders
Psychosis
Suicidality
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tation. Personality disorders impair adherence and relation-
ships with treatment team and caregivers. The data suggest 
that, among transplant patients, more refractory personality 
disorders may be associated with adherence- adjustment dif-
ficulties and appear to be a risk factor for poor outcomes after 
organ transplantation [105, 106, 135, 137–144].

In fact, a dose-dependent relationship between person-
ality disorders and nonadherence has been described in HT 
recipients (p = 0.007) (see Fig. 3.5) [68]. Similarly, among 
HT patients, the presence of a personality disorder was 
significantly associated with global nonadherence 
(P = 0.0000) and specific nonadherence to diet (P = 0.05), 
smoking cessation (P  =  0.001), keeping appointments 
(P = 0.03), not following medication regimen (p = 0.006), 
and misusing other drugs (p  =  0.0009) [33]. In another 
study of HT recipients, those with mild personality disor-
der were 1.85 times more likely to be nonadherent, and 
those in the most severe personality disorder group were 
3.7 times more likely (in which 100% of the patients were 
rated nonadherent), compared to recipients with no per-
sonality disorder [68]. In addition, personality disorder 
patients were viewed by the transplant team personnel as 
having more behavioral problems [32].

Finally, the presence of a personality disorder indepen-
dently predicted recidivism among patients with a history of 
alcohol use disorder who underwent LT (relative hazard ratio 
6.0 (95% CI, 1.9–18.7; P = 0.002) [145].

Given that many psychiatric disorders are characterized 
by a relapsing-remitting nature, the presence of presurgical 
psychiatric disorders should be considered as increasing the 
risk of post-transplant psychiatric complications, thus allow-
ing an opportunity for early identification and intervention.

It is also important to consider the effects of organic psy-
chopathology, including hepatic encephalopathy (HE). 
Hepatic encephalopathy (HE) is usually interpreted as a sign 

of liver failure, but the prognosis of patients with HE is not 
uniform [146]. Advanced HE is a marker of the severity of 
liver function and of the presence of intracranial hyperten-
sion. Severe HE (grades 3–4) upon admission and during 
hospitalization is a significant determinant of poor outcome 
[147]. A study of patients with cirrhosis (n = 226) demon-
strated that there are residual effects on cognitive function, 
especially executive functions, which result in learning 
impairment and working memory problems in patients with 
overt HE, even after adequate therapy and the attainment of 
clinical “normal mental status” [148]. Furthermore, the 
available data has shown that the psychometric performance 
deterioration continues and expands to the more basic cogni-
tive domains of psychomotor speed, set shifting, and divided 
attention with increasing numbers of episodes and hospital-
izations for overt HE [148].

Despite previous thoughts that HE is a neuropsychiatric 
syndrome fully reversible by LT, an increasing body of data 
has demonstrated that is not the case. Studies that have 
assessed neuropsychological function following LT found a 
heterogeneous outcomes with persistent cognitive deficits 
[149–152]. Some have found that patients with a history of 
HE are at higher risk of developing neurological complica-
tions following LT [153], while others have found evidence 
for “dementia-like” deficits that may not completely recover 
following LT [154].

The irreversibility of minimal HE (i.e., cognitive deficits) 
may reflect the neurological sequelae of underlying brain 
pathology, which is supported by studies demonstrating 
brain imaging abnormalities, presumed to be secondary to 
brain edema and gross atrophy in cirrhotic patients, reflect-
ing permanent central nervous system disturbance [151, 
154]. Others have found that brain volume after transplanta-
tion was smaller in patients with prior HE [155]. Similarly, 
they found that global cognitive function after LT was poorer 
in patients with a lower educational level, alcohol etiology, 
diabetes mellitus, or a history of HE prior to LT and that 
recipients with prior HE had persistent impaired cognitive 
and motor function after LT [148, 155]. In general, overall 
cognitive function may be impaired after LT in the absence 
of major neurological complications related to the surgical 
procedure or the postoperative management, due to evidence 
of central nervous system damage [154, 155].

There is a 25–35% risk of cerebral edema in patients with 
grade 3 HE.  That risk increases to more than 75% of the 
patients with hepatic coma (grade 4 HE) [156, 157]. A study 
of LT in patients with hepatic coma demonstrated a signifi-
cant difference in outcomes, both neurological recovery and 
overall survival, when comparing early transplantation [ELT] 
(i.e., within 48 hours of onset of coma) versus late transplan-
tation [LLT] (i.e., after 48  hours of onset of coma). All 
patients with ELT experienced a complete neurological 
recovery, while only 50% of LLT recovered. The 3-year  
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survival for ELT was 85% as compared to 50% for LLT (see 
Fig. 3.13) [158].

There is also data to indicate that patients suffering from 
HE at the time of LT may be more vulnerable to the meta-
bolic stresses of surgery and the neurotoxicity of the drugs 
used and were at highest risk for such complications [159]. 
In fact, in a study of perioperative neurological complica-
tions after LT, 90% of HE recipients experienced neurologi-
cal complications, compared with 6.5% of recipients without 
HE prior to LT [159]. In this study, logistic regression identi-
fied active preoperative HE as the strongest predictor of post-
operative morbidity (OR 10.7; 95%, CI 3.8–29.9) [159].

Finally, resting-state functional magnetic resonance 
imaging (fMRI) data from cirrhotic patients with HE and 
without HE (noHE) was collected pre- and post-LT (n = 63) 
[160]. Long- and short-range functional connectivity strength 
(FCS) analysis indicated that before transplantation, both 
noHE and HE groups showed diffuse FCS abnormalities 
relative to healthy controls. For the noHE group, the abnor-
mal FCS found before LT largely returned to normal levels 
after LT, except for in the cerebellum, precuneus, and orbital 
middle frontal gyrus. However, the FCS abnormalities prior 
to LT were largely preserved in the HE group after LT, 
including high-level cognition-related areas (frontal and 
parietal lobes) and vision-related areas (occipital lobe, 
cuneus, and precuneus). In addition, comparisons between 
HE and noHE groups revealed that weaker FCS in default 
mode network (DMN) in HE group persisted from pre- to 
post-LT. Correlation analysis showed that changes in FCS in 
the left postcentral and right middle frontal gyrus correlated 
with alterations in neuropsychological performance. These 
findings may suggest a mechanism to explain how pre-LT- 
related HE may prevent post-LT brain function recovery and 

reveal that the DMN may be the most affected brain region 
by HE, which may not be reversed by LT [160].

The above studies strongly suggest that HE is not a purely 
metabolic syndrome that will completely reverse with LT. All 
these findings regarding HE have serious implications as 
pre-LT HE predicts post-LT neurocognitive deficits that must 
be considered during the pre-LT evaluation process, as these 
may affect post-LT functional daily activities, social interac-
tions and the need for ongoing care, and quality of life. This 
further stresses the importance of cognitive evaluation pre- 
transplant, adapting the education level to the cognitive sta-
tus of the patient if possible, maximum mobilization of the 
support system, and setting of appropriate expectations for 
the patient, family, and transplant teams.

 Domain D: Effects of Substance Use

(Items 14 and 15) Alcohol Use Disorder and Risk for Relapse, 
(Items 16 and 17) Other Substance Use Disorder and Risk 
for Relapse [Including Prescribed and Illicit Substances], 
and (Item 18) Nicotine Use Disorder

A history of substance use disorder has been found to be 
both highly predictive of post-transplant substance use and 
of post-transplant treatment nonadherence [161]. Issues to 
explore include extent of use, time and conditions to sub-
stance use cessation, and risk of recidivism [47]. Some have 
found that, compared with patients with no history of sub-
stance use disorder, those with a history of substance use dis-
order were 2.4-fold more likely, and those with a recent 
history were three times more likely, to be nonadherent with 
medical treatment after transplantation [68]. Among HT 
patients, a history of substance use disorder was the most 
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powerful predictor of treatment nonadherence [68]. In fact, a 
meta-analysis of 147 studies demonstrated that pre- transplant 
substance abuse predicts post-transplant substance use, and 
in turn, post-transplant substance abuse correlates with post- 
transplant nonadherence and decreased overall survival [34].

Preoperative alcohol and substance use disorders have 
repeatedly been shown to be important predictors for postop-
erative adherence difficulties [34, 50, 86, 108, 161, 162]. 
Some have considered the following patient groups to be 
most at risk for poor post-transplant treatment adherence 
with sobriety [86]:

• Patients whose substance abuse has not been in long- 
standing remission.

• Patients whose substance abuse continues after the devel-
opment of end-stage organ damage and symptoms.

• Patients who ceased substance use only in the face of 
acute illness.

Specifically among patients undergoing LT for ALD, the 
cumulative experience has demonstrated that the 1-year 
actuarial survival after LT for patients with ALD (66–93%) 
is equal, if not slightly better, to that of patients transplanted 
for nonalcoholic liver disease (56–87%), as long as they do 
not resume alcohol use [163]. Unfortunately, multiple stud-
ies have found that the alcoholic relapse rate after LT varies 
from 10% to 50% [145, 164–170] and that alcohol use 
relapse is associated with a reduced long-term post- transplant 
survival [170–172].

A study of LT candidates found that a history of previous 
alcohol-related hospitalization (p = 0.01), lack of previous 
alcoholic rehabilitation before transplant evaluation 
(p = 0.001), and a failure to accept further alcoholic rehabili-
tation before LT (p = 0.01) were all significant risk factors 
predicting failure to meet listing requirements among end-
stage liver disease patients [45]. Similarly, among pre-trans-
plant candidates across organ systems (i.e., heart, kidney, 
lung, and liver transplant candidates; n = 311), a past or cur-
rent (at time of psychosocial evaluation) history of substance 
abuse and drinking was significantly associated with nonad-
herence after transplantation (P = 0.0000) [34].

A randomized prospective study of sociological and/or 
alcohol-related behavioral factors predictive of relapse 
after LT for ALD patients demonstrated a rate of alcohol 
use relapse of 11% 1  year after transplantation and 30% 
after 2 years [173]. In this study, the only variable leading 
to a significantly lower rate of relapse was abstinence for 
≥6 months before LT (23% vs 79%, P  =  0.0003) (see 
Fig. 3.14) [173].

Abstinence for >6  months before transplant has been 
shown to significantly lower the rate of relapse (23% versus 

79%, p = 0.0003) [174]. In general, while longer abstinence 
period has been shown to be predictive of ongoing sobriety, 
the “6-month rule” per se has not been validated. Similarly, 
among patients with ALD undergoing LT, patients who 
received substance abuse treatment both before and after 
transplantation had significantly lower rates of alcohol 
relapse (16%) than patients who received no substance abuse 
treatment (41%) or substance abuse treatment only before LT 
(45%, p = 0.03) [175].

Another study assessing the relevance of sobriety for out-
come after LT for ALD followed 300 recipients for up to 
89 months after orthotopic liver transplantation (OLT) and 
found that drinking of various degrees was observed in 19% 
of recipients [167]. Factors associated with an increased risk 
of recidivism to alcohol consumption included pre-transplant 
sobriety of less than 6 months, absence of companion in life 
or lack of adequate social support, presence of young chil-
dren, and a predicted poor psychosocial prognosis. Pre-
transplant sobriety had a significant impact on the recurrence 
of alcohol consumption after OLT: the longer pre-OLT sobri-
ety, the later time to recidivism. In particular, recurrent alco-
hol consumption was observed among patients with 
<6 months of abstinence before transplantation. In this sam-
ple, a significantly better survival was observed among 
patients who remained abstinent compared to those who 
resumed drinking. In contrast to the uniformly excellent sur-
vival rates of patients undergoing OLT for ALD who 
remained sober (in this sample, 81.5% at 10 years), patients 
who resumed occasional drinking experienced a 69.1% 
10-year survival, and those who resumed abusive drinking 
demonstrated a 20.1% 10-year survival (see Fig. 3.15) [167].

Researchers studied the potential factors associated 
with alcohol consumption relapse (recidivism) in a large 
cohort of patients undergoing LT for alcoholic cirrhosis 
(n = 387) [176]. They found that the overall relapse rate of 
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Fig. 3.14 Abstinence as predictive factor of alcohol relapse after OLT 
for ALD. (Source: [173])
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harmful alcohol consumption after LT was 11.9%. In uni-
variate analysis, alcohol relapse was significantly associ-
ated with age greater than 50 years (p = 0.04), year of LT 
1995 or earlier (p < 0.05), duration of abstinence less than 
6 months (p = 0.02), presence of psychiatric comorbidities 
(p  <  0.001), absence of a life partner (i.e., psychosocial 

support) (p  <  0.05), and a high score on the High-Risk 
Alcoholism Relapse (HRAR) (p  <  0.001). Multivariate 
logistic regression revealed the following independent fac-
tors of relapse: duration of abstinence of less than 6 months 
(OR 3.3; 95% CI, 1.2–9.3) (p = 0.02), presence of psychi-
atric comorbidities (OR, 7.8; 95% CI, 3.1–20.0) 
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Fig. 3.15 Survival rates of OLT for ALD patients based on recidi-
vism rate and pattern of alcohol use after transplantation. (Source: 
[167]). Note: Survival rates of patients who remained abstinent after 
OLT for ALD (n = 234, gray solid line; at risk/sum of events [a]) and 
patients who resumed drinking after OLT for ALD (n = 56, black solid 
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divided into three groups according to the severity of alcohol con-
sumption: 23 (41%) patients resumed abusive drinking (dashed line; 
at risk/sum of events [c]), 17 (30%) patients slipped (dotted line; at 
risk/sum of events [d]), and in 16 (29%) patients the severity of alco-
hol consumption remained unknown (dash-dot line; at risk/sum of 
events [e]))
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(p  <  0.001), and HRAR score  >  3 (OR, 10.7; 95% CI, 
3.8–30.0) (p = 0.001). In contrast, in patients with none of 
these factors, alcohol relapse was only 5%. On the other 
hand, the presence of 1, 2, or 3 factors was associated with 
relapse rates of 18%, 64%, and 100% of the patients, 
respectively (see Fig. 3.16) [176].

In addition, in a prospective cohort of 441 patients who 
underwent LT, 281 of whom admitted to a history of exces-
sive alcohol consumption prior to LT, alcohol consumption 
was reported by 32.3% of the study population after trans-
plantation, including 43.7% of ALD patients and 24.3% of 
non-ALD patients [170]. A multivariable analysis indicated 
that resumption of alcohol use had a negative impact on 
long-term survival after transplantation (p  =  0.006; 
HR = 2.08 [1.23–3.52]). Although the 5-year survival prob-
ability was similar between those who resumed alcohol use 
after transplantation (82% for relapse patients vs 86% for 
patients without relapse), the survival gap progressively 
spread thereafter, with a 10-year survival of 49% among 
patients with excessive alcohol relapse and 75% among non- 
relapsers (see Fig. 3.17) [170].

Finally, a meta-analysis including 54 studies (n = 3263) 
revealed that the 5-year survival rate was similar between 
relapsers and non-relapsers (92.9% vs 92.4%, respectively), 
but after 10 years, the survival rate decreased significantly in 
the relapse patients (45.1% vs 85.5%), with malignant 
tumors and cardiovascular events the main cause of death in 
these patients (Fig. 3.18) [171].

Regarding alcohol use disorder risk factors associated 
with graft failure include the following [45]:

• A history of previous alcohol-related hospitalization.
• Lack of or ineffective alcohol rehabilitation.
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• Failure to accept further alcohol rehabilitation before 
transplantation.

• Shorter abstinence time prior to transplant.

The attitude toward LT for ALD changed in 1988, when 
Starzl et al. published data demonstrating that the survival of 
patients receiving a transplant for alcoholic cirrhosis was not 
different from the survival of other transplant recipients. 
Since that report, ALD has become the most common indica-
tion for LT [177].

A review of 96 published studies regarding LT for ALD 
revealed that future abstinence (post-transplant) was associ-
ated with social stability, the absence of close relatives with 
alcohol problems, older age (>40), absence of repeated alco-
hol treatment failures, good adherence with medical care, no 
current polysubstance misuse, and an absence of coexisting 
severe mental disorder [178]. A more recent and simplified 
criteria are the “A to D transplantation selection criteria,” 
wherein “A” refers to demonstrated abstention from alcohol 
for over 6 months, “B” biology (a negative family history for 
alcoholism), “C” coinhabitants not consuming alcohol, and 
“D” no concurrent drug use disorder [179].

Finally, we must consider the relationship between alco-
hol use and an increased incidence of cancer after organ 
transplantation [180–184]. Although the specific mecha-
nisms of alcohol-mediated oncogenesis are poorly under-
stood, the carcinogenic properties of acetaldehyde and/or the 
inhibition of DNA methylation via the alteration of retinoid 
processing have been proposed as potential mechanisms 
[185, 186]. It is also important to note that alcohol use disor-
der is associated with an increased risk for malignancies, 
even in non-immunosuppressed individuals [187–191]. In 
fact, some have found that excessive alcohol consumption 
has a negative impact on long-term survival after liver trans-
plant, irrespective of the primary indication, with death being 
mainly due to liver disease and non-hepatic cancer [170]. 
Many have demonstrated that excessive drinkers have an 
increased risk for cancer of the mouth, pharynx, larynx, 
esophagus, liver, pancreas, stomach, and colon [192–194]. 
Others have found that both light drinking as well as moder-
ate to heavy alcohol consumption significantly increased the 
risks of gastrointestinal cancers [187, 195, 196]. There are 
many mechanisms by which alcohol use may lead to an 
increased cancer risk, including intestinal stem cells dysreg-
ulation, the induction of cytochrome P-4502E1 (which is 
associated with an enhanced production of free radicals and 
enhanced activation of various procarcinogens present in 
alcoholic beverages), alterations in cell cycle behavior, the 
induction of microsomal enzymes which convert procarcino-
gens to carcinogens, and the generation of acetaldehyde, the 
major metabolite of ethanol and a proven carcinogenic and 
mutagenic agent [193, 197–202]. Considering the increased 
cancer risk for post-transplant recipient and that carcinogen-
esis can be enhanced even by relatively low daily doses of 

ethanol, everything possible should be done to decrease the 
risk of alcohol use after organ transplantation [199].

Tobacco use is the leading preventable cause of mortality 
in the general population of the USA [203]. According to the 
CDC, an estimated 15.5% of the population still smokes 
tobacco (that’s about 37 million people), of which 76% do so 
on a daily basis [204]. In 2004, the US Surgeon General 
released a report on tobacco effects, “The Health 
Consequences of Smoking on the Human Body,” detailing 
the specific end-organ problems caused by tobacco per each 
organ system (also see Fig. 3.19) [205].

Thus, it is important to understand the relationship 
between tobacco use and other substances, as well as the 
effects of tobacco on morbidity and mortality of transplant 
patients. For example, nearly 90% of alcohol use disorder 
patients smoke [206]. In a recent meta-analysis, active smok-
ing was revealed as one of the major risk cofactors, indepen-
dent of alcoholic relapse, of long-term morbidity and 
mortality in transplant recipients, either from cardiovascular 
complications or from de novo neoplasms [162]. These find-
ings have been confirmed by numerous studies [207–218]. In 
fact, researchers observed that patients with a smoking his-
tory who continued smoking after the LT presented a hazard 
ratio of approximately 20 for the development of neoplasms 
associated with tobacco (head and neck, lung, esophagus, 
kidney, and urinary tract carcinomas) [219].

While data is not available for all transplant types, a recent 
online survey of abdominal transplant programs reported 
that tobacco smoking was an absolute contraindication to 
transplantation at 38% of kidney, 15% of liver, and 50% of 
pancreas programs [220].

Studies have found that nearly 40% of ALD recipients 
resume smoking and resume it early post-LT, increase their 
consumption over time, and quickly become tobacco depen-
dent [209]. Similarly, some studies have found that in general 
14% of KT recipients admit to tobacco use after transplanta-
tion [221]. Another study reported continued smoking in 90% 
of patients who smoked at the time of pre- transplant evalua-
tion [111], while, among HT patients, studies have estimated 
a 32.6% tobacco relapse rate after transplantation [222].

Nicotine use dramatically potentiates morbidity and mor-
tality after transplantation. When analyzing survival, patients 
who were smokers preoperatively had a significantly worse 
prognosis than nonsmokers. In fact, smoking after transplan-
tation (all transplants) in combination with immunosuppres-
sive treatment is associated with perioperative morbidity 
(e.g., malignancy and end-stage renal failure) and mortality, 
usually associated with cardiovascular events (e.g., myocar-
dial infarction and cerebrovascular accident). Decreased sur-
vival associated with nicotine use has been confirmed in 
heart [223], lung [224], kidney [225], and liver [217] trans-
plant recipients, with an associated increased length of hos-
pital stay and cost of care, specifically in smokers who 
received LT [226].
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Neurological and Psychological
•    Nicotine releases dopamine from nucleus accumbens
•    Nicotine inhibits MAO-B which degrades dopamine
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     of underlying renal disease
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•    Atherosclerosis

•    Increased mortality
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     alcohol
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Fig. 3.19 Physiological and 
psychological effects of 
smoking on humans. (Source: 
Corbett et al. [203]). Notes: 
MAO-B monoamine oxidase 
B, FEV-1 forced expiratory 
volume in one second, COPD 
chronic obstructive 
pulmonary disease, NASH 
nonalcoholic steatohepatitis, 
PSC primary sclerosing 
cholangitis, UC ulcerative 
colitis

Studies among HT recipients (n = 84) found a high rate of 
patients who smoked after transplantation (26%) [223], 
which was associated with a 5- and 10-year survival that was 
significantly reduced in smokers vs nonsmokers (37 vs 80% 
and 10 vs 74%, respectively; P < 0.0001). They also found 
that smokers had a higher prevalence of transplant vascu-
lopathy as revealed by coronary angiography and/or autopsy 
(P < 0.00001) and a higher rate of malignancies (P = 0.0001) 
[223]. In fact, they found that in patients with a carboxyhe-
moglobin (CO-Hb) level ≥ 2.5%, no patient survived after 
4  years (mortality, 100%), and 51% of the patients with 
lower values were still alive and well after 10  years (see 
Fig. 3.20) [223].

Tobacco smoke exposure in either donors or recipients 
results in heightened systemic inflammation and increased 
oxidative stress, accelerates cardiac allograft rejection 
(reducing post-transplantation cardiac allograft survival by 
33–57%), and increases intra-graft inflammation (tumor 
necrosis factor-α, interferon-γ, interleukin-6) and alloim-
mune activation (CD3, interleukin-1 receptor 2, programmed 
cell death-1, and stromal cell-derived factor-1) with conse-
quent myocardial and vascular destruction [227].

Similarly, tobacco smoking has been found to be an inde-
pendent risk factor for the development of infectious pulmo-
nary complications in a dose-dependent manner after allogeneic 
hematopoietic cell transplantation (allo- HCT) [228].

In most cases, participation in a substance use disorder 
treatment program, ongoing toxicology monitoring, pro-
longed abstinence for several months, and efforts to improve 
associated psychosocial aspects are usually necessary to 
enhance the likelihood of continued sobriety, to improve 
adherence, and to ensure a good transplant outcome.

As the use of marijuana is increasingly legalized in the 
USA, questions arise frequently about whether organ trans-
plant recipients who are using marijuana should be assessed 
or listed. There are some important facts to consider, such as 
the potency of tetrahydrocannabinol (THC), one of the main 
psychoactive ingredients in marijuana has been steadily 
increasing over the years and along with it, the number of 
Emergency Department visits due to its effects (see 
Fig. 3.21a, b) [229, 230]. Even when considering the use of 
other substances (i.e., cocaine and heroin), only marijuana, 
used either in combination with other drugs or alone, was 
associated with significant increases in the number of visits 
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Fig. 3.21 Potency of THC in marijuana, number of ED visits, and 
perceived marijuana risk over time. (Source: [229]). Panel A shows 
the increasing potency of marijuana (i.e., the percentage of THC) in 
samples seized by the Drug Enforcement Administration (DEA) 
between 1995 and 2012. Panel B provides estimates of the number of 
emergency department visits involving the use of selected illicit 
drugs (marijuana, cocaine, and heroin) either singly or in combina-
tion with other drugs between 2004 and 2011. Among these three 
drugs, only marijuana, used either in combination with other drugs or 

alone, was associated with significant increases in the number of vis-
its during this period (a 62% increase when used in combination with 
other drugs and a 100% increase when used alone, P < 0.05 for the 
two comparisons). Panel C shows the inverse correlation between the 
perception of the risk associated with marijuana use and actual use. 
Perceived risk corresponds to the percentage of teenagers who 
reported that the use of marijuana is dangerous. Panel D shows the 
percentage of students who reported daily use of tobacco cigarettes 
or marijuana in the previous 30 days)
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Fig. 3.20 Kaplan-Meier analysis of > 6 month survivors after heart transplantation: (a) survival of smokers vs nonsmokers; (b) survival of smok-
ers based on HbCO level. (Source: [223]) HT = heart transplant
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during this period (a 62% increase when used in combination 
with other drugs and a 100% increase when used alone, 
p < 0.05 for the two comparisons) [231]. At the same time, 
there is an inverse correlation between the perception (i.e., 
the percentage of teenagers who reported that the use of mar-
ijuana is dangerous) of the risk associated with marijuana 
use and actual use among adolescents [232]. Of interest, as 
the daily use of cigarette smoking (a perceived dangerous 
product) goes down, the daily use of marijuana is on the rise 
(see Fig. 3.21c, d) [232].

Analysis of the smoke contents of marijuana and tobacco 
reveals much the same gas-phase constituents, including 
chemicals known to be toxic to respiratory tissue, including 
hydrocyanic acid, acetaldehyde, and acrolein [233–236]. In 
fact, cannabis smoke contains many of the same carcinogens 
as does tobacco smoke, with some in higher concentrations 
[237]. It is also mutagenic and carcinogenic in the mouse 
skin test, and chronic cannabis smokers show pathological 
changes in lung cells that precede the development of lung 
cancer in tobacco smokers [238–240]. For comparison, one 
marijuana joint was equivalent in effect to between 2.5 and 6 
tobacco cigarettes, in measures of airflow obstruction [241].
Thus the concerns about its carcinogenic effects and other 
detrimental effects are the same as for tobacco. In fact, stud-
ies have found that the risk of lung cancer increased 8% 
(95% CI, 2–15%) for each joint-year of cannabis smoking, 
after adjustment for confounding variables including ciga-
rette smoking, and 7% (95% CI, 5–9%) for each pack-year 
of cigarette smoking, after adjustment for confounding vari-
ables including cannabis smoking [242].

There have been several outbreaks of Mycobacterium 
tuberculosis due to marijuana use [243]. It appears that 
tobacco and marijuana may be subject to fungal and 
Actinomycetes contamination, including Aspergillus, A. fla-
vus, A. Niger, Mucor, and Penicillium [244, 245]. There have 
been several cases of transplant patients and other immuno-
suppressed patients contracting infections from marijuana 
use, including a rare fungal infection with Ochroconis gal-
lopavum [246], Aspergillus infection in solid organ trans-
plant recipients [247], and lipid pneumonia associated with 
smoking weed oil [248]. Cases of fatal pulmonary aspergil-
losis in a bone marrow recipient have been associated with 
smoking marijuana for several weeks prior to the transplant, 
with positive cultures of Aspergillus fumigatus obtained 
from the marijuana being smoked [249].

There is also the issue of marijuana’s psychoactive 
effects. A nationally representative sample of US adults, fol-
lowed over 36 months, found that cannabis use was signifi-
cantly associated with substance use disorders (any 
substance use disorder (OR 6.2; 95% CI, 4.1–9.4), any alco-
hol use disorder (OR 2.7; 95% CI, 1.9–3.8), any cannabis 
use disorder (OR 9.5; 95% CI, 6.4–14.1), any other drug use 

disorder (OR 2.6; 95% CI, 1.6–4.4), and nicotine depen-
dence (OR 1.7; 95% CI, 1.2–2.4)) [250]. Similarly, there are 
a number of negative psychosocial effects of short- and 
long-term marijuana use that must be taken into consider-
ation (see Table 3.8a) [229]. There is moderate to high level 
of confidence regarding the evidence for these negative 
effects (see Table 3.8b) [229].

Finally, consider the pharmacokinetic changes associ-
ated with marijuana use. Exogenous cannabinoids (either 
smoked or edibles) are a group of chemicals that both 
inhibit cytochrome P450 enzymes 3A4 and 3A5 (the meta-
bolic pathway for the calcineurin inhibitor substances, like 
tacrolimus and cyclosporine) and inhibit the function of the 
P-glycoprotein transporter, which has a major role in tacro-
limus absorption from the gut and distribution to other tis-
sues, with both mechanisms affecting the bioavailability of 
immunosuppressant agents, thus potentially contributing to 
adverse drug-drug interactions and potential toxicity 
[251–253].

Several states (i.e., AZ, CA, DE, IL, MN, NH, WA) pro-
hibit discrimination against medical cannabis patients in 
the organ transplant process. As in all cases, it is important 
to evaluate the patient’s specific circumstances and deter-
mine whether, from a medical perspective as in the exam-
ples above, the use of cannabis is clinically contraindicated. 
In that situation, the same restrictions would apply to can-
nabis use as they do for any other legal and prescribed sub-
stance use in potential transplant patients. This discussion 
is neither an endorsement of nor an argument against MJ 
use per se. Rather, a note of caution given our previous 
similar experience with tobacco, a once considered a sub-
stance that was once considered to have medicinal benefits 
and is now well known for its adverse medical and carcino-
genic effects. It would be a shame to find ourselves in a 
similar position, 20  years from now, “discovering” that 
marijuana was harmful to organ transplant patients. 
Certainly, more safety studies are required before an 
endorsement is guaranteed. Many programs across the 
USA prohibit the use of many other potentially harmful 
substances, despite their legal status.

There are a number of prescribed substances, whose 
abuse may pose a problem and, although legal, transplant 
programs may request prospective recipients to decrease or 
discontinue their use prior to listing (e.g., benzodiazepines, 
barbiturates, opioids). Depending on their pattern of use, a 
predetermined period of sobriety, formal drug abuse treat-
ment, and drug surveillance tests may also be required. The 
question of other substances use by transplant patients is less 
controversial, as most transplant programs recognize their 
physiological and psychosocial detrimental effects. Same 
criteria should apply to marijuana use in transplant candi-
dates. For further discussion, please refer to Chap. 45.

3 The Psychosocial Evaluation of Transplant Candidates
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 SIPAT Psychometric Qualities

The SIPAT is a comprehensive screening tool designed to 
enhance the psychosocial assessment of organ transplant 
candidates. Its strengths include the standardization of the 
evaluation process and its ability to identify subjects who 
are at risk for negative outcomes after the transplant, in 
order to allow for the development of interventions directed 
at improving the patient’s candidacy. In a study of 102 
patients, SIPAT has demonstrated excellent inter-rater reli-
ability, even among novice raters (P < 0.001) [26]. Another 
study of 217 transplant recipients demonstrated that a 
higher SIPAT score was significantly correlated with the 
probability of poor medical and psychosocial outcomes 
[48]. The SIPAT scores were associated with various post-
transplant medical complications, such as organ rejection 
episodes (p = 0.02), medical hospitalizations (p < 0.0001), 

and infection rates (p = 0.02) within 1 year post transplan-
tation. SIPAT scores also predicted the occurrence of vari-
ous post-transplant psychosocial complications, such as 
psychiatric decompensation (p  <  0.005), presence of 
 nonadherence (p  =  0.09), and failure of support system 
(p = 0.02). Logistic regression analysis on pooled outcomes 
data confirmed that higher SIPAT scores increased the 
probability of an occurrence of undesirable medical out-
comes (p  =  0.04) and negative psychosocial outcomes 
(p = 0.03) (see Fig. 3.22) [48].

At the end, SIPAT was not developed to just have a cutoff 
at which patients are “declined,” but rather it is a standard-
ized, objective, and evidence-based system to evaluate a 
patient’s psychosocial candidacy, in order to determine his/
her strengths, identify areas of weakness needing attention or 
referral (e.g., to social work, psychiatry, addiction services), 
and allow for timely intervention, so that we can optimize 

Adverse Effects of Short-Term Use and Long-Term or Heavy

Use of Marijuana.

Effects of short-term use

Poor educational outcome, with increased likelihood of dropping out of

school*

Impaired short-term memory, making it difficult to learn and to retain

information

Impaired motor coordination, interfering with driving skills and increasing

the risk of injuries

Altered judgment, increasing the risk of sexual behaviors that facilitate the

transmission of sexually transmitted diseases

In high doses, paranoia and psychosis

Effects of long-term or heavy use

Addiction (in about 9% of users overall, 17% of those who begin use in

adolescence, and 25 to 50% of those who are daily users)*

Altered brain development*

Cognitive impairment, with lower IQ among those who were frequent users

during adolescence*

Diminished life satisfaction and achievement (determined on the basis of

subjective and objective measures as compared with such ratings in the

general population)*

Symptoms of chronic bronchitis

Increased risk of chronic psychosis disorders (including schizophrenia) in

persons with a predisposition to such disorders

*The effect is strongly associated with initial marijuana use early in

adolescence.

a b

Level of Confidence in the Evidence for Adverse Effects of

Marijuana on Health and Well-Being.

Effect Overall Level of

Confidence*

Addiction to marijuana and other

substances

Abnormal brain development

Progression to use of other drugs

Schizophrenia

Depression or anxiety

Motor vehicle accidents

Symptoms of chronic bronchitis

Lung cancer

Diminished lifetime achievement

High

Medium

Medium

Medium

Medium

High

High

High

Low

*The indicated overall level of confidence in the association between

marijuana use and the listed effects represents an attempt to rank the strength

of the current evidence, especially with regard to heavy or long-term use and

use that starts in adolescence.

Table 3.8 (a) Adverse effects of marijuana; (b) Level of confidence in the evidence for adverse effects

Source: [229]
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patient’s candidacy and improve their chance of successful 
transplantation and outcomes.

One of the strengths of the SIPAT is that it standardizes 
the psychosocial assessment evaluation process, so all trans-
plant candidates undergo the same rigorous psychosocial 
scrutiny helping identify areas of strengths that can be built 
upon and areas of weaknesses needing assistance or further 
consultation and treatment.

The use of SIPAT may not only help to improve the selec-
tion process of transplant candidates, but it may also serve to 
identify a patient’s level of social, neuropsychiatric, and cog-
nitive functioning. Clinicians may use the SIPAT to comple-
ment and standardize the psychosocial evaluation process, 

although it should not be used as the sole determinant of eli-
gibility for transplantation. Instead, the content items of the 
SIPAT may enhance the selection process by identifying risk 
factors that may be amenable to clinical intervention before 
the transplant or that may require extra attention after 
transplantation.

The function of psychosocial consultants should not be to 
make a determination regarding “the patient’s worthiness as 
a candidate” but to assist the transplant selection committee 
in making the best clinical decisions based on the current 
available data and to provide transplant candidates and teams 
with the best psychosocial recommendations and treatments 
to strengthen patients’ candidacy, improve quality of life  
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Fig. 3.22 SIPAT score prediction of any negative (a) medical and (b) psychosocial outcomes, within the psychosocial predictors; SIPAT scores 
predicted both (c) psychiatric complications and (d) failures of the psychosocial support system
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pre- and post-transplant, and increase the chance of post- 
transplant success. Our hope is that a universal agreed-upon 
use of a structured standardized tool, such as the SIPAT, in 
addition to a set of agreed upon minimal psychosocial listing 
criteria and organ-specific medical listing criteria, would 
allow for the establishment of a standardized process and cri-
teria for the selection of solid organ transplant recipients in a 
way that promotes fairness, allows for the identification and 
timely management of potential problems, and maximizes 
graft survival and quality of life.

Conclusions
The assessment of transplant candidates is challenging 
and includes potential clinical, ethical, and social factors. 
The data available to date confirms that in addition to 
typical medical factors, psychosocial and behavioral 
issues may affect the ultimate success of the transplanta-
tion process. There is data to suggest that pre-transplant 
psychiatric history can predict psychological outcomes 
after transplant and that post-transplant psychosocial out-
comes may predict physical morbidity and mortality. 
Accordingly, most guidelines suggest that the pre-trans-
plant screening process must include both a comprehen-
sive medical evaluation and a thorough psychological 
assessment.

Thus, psychosocial consultants should find data 
regarding those risk factors for which there is evidence 
supporting predictive value: the patient’s readiness level 
to serve as a partner in the management of end-stage 
organ failure and post-transplant period, patient’s under-
standing of their medical illness and the transplant pro-
cess and expectations, the status and functionality of their 
social support network, history of transplant candidate’s 
adherence to medical treatment and recommendations 
from medical teams, the candidate’s psychological stabil-
ity, and the candidate’s extent of substance use, sobriety, 
and conditions under which it was achieved. These appear 
to be the most significant factors relating to the success of 
a transplant. Whenever possible, we should use sources of 
collateral information (e.g., family, healthcare providers, 
and medical records) to build on and verify the facts pro-
vided, particularly in patients with end-stage organ dis-
ease or fulminant failure. In addition, developing a good 
collaborative relationship with the social workers and 
nurse coordinators for the transplant teams will be reward-
ing, because they usually are the best at knowing the 
patient and can provide a wealth of useful and corroborat-
ing (or conflicting) information that may be helpful in 
making decisions regarding the patient’s truthfulness with 
the process. The use of objective psychosocial assessment 
tools, such as the SIPAT, can assist transplant teams not 
only in eliminating the emotional factor from the assess-
ment but also in presenting the facts of the case as they 

are. The role of psychosocial consultants should not be to 
make a determination regarding the patient’s worthiness 
as a candidate but to assist the transplant selection com-
mittee in making the best clinical decision based on cur-
rent available data.
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The Psychosocial Evaluation  
of Live Donors

Akhil Shenoy

 Background

Solid organ transplantation as a treatment for end-stage organ 
failure has allowed patients to live longer and have greater 
quality of life. While the number of patients waiting for a 
transplant significantly exceeds available deceased donors, 
the living organ donors come forward to transplant centers 
with the expressed interest to help another person despite risk 
and cost. Live donation helps ease burden on the deceased 
donor supply, prevents delay in transplant, minimizes cold 
ischemic time, and allows control over scheduling. There is 
no medical benefit for the donor, although the donor may ben-
efit psychologically (e.g., increased self-esteem).

Living donation traces its history back to the first successful 
solid organ transplantation. In 1954 at the Peter Bent Brigham 
Hospital in Boston, Ronald Herrick willingly gave one of his 
kidneys to his identical twin brother Richard who had chronic 
nephritis, in a pioneering surgery by Dr. Joseph Murray. 
Richard Herrick did not require immunosuppression and lived 
for 8 years with his brother’s kidney, while Ronald, the donor, 
died in 2010 at the age of 79, after several years of maintenance 
dialysis. Since then, living donor kidney transplantation 
(LDKT) has been performed for over 50 years, and many stud-
ies have shown that the surgery is safe and most donors lead 
normal lives with a solitary kidney. Without the need for per-
fect human leukocyte antigen (HLA) matching, genetically 
unrelated persons have increasingly been able to be donors.

The liver has long been known to regenerate to its original 
size and function. Living donor liver transplantation (LDLT) 
began in 1989 with the first in the United States at the 
University of Chicago of a 29-year-old teacher from Texas 
donating her left liver lobe to her 21-month-old daughter with 
biliary atresia. Both the donor and recipient continued to be 

healthy with the recipient successfully discontinuing immu-
nosuppression [1]. With cautious optimism for donor safety, 
LDLT for children grew in places such as Japan, where there 
is less opportunity for deceased donor transplants. Since 
1998, adult-to-adult LDLT, which usually involves the right 
liver lobe, had been increasing in the United States to over 
500 LDLT surgeries per year until a donor death in 2002. 
While liver donation, especially of the right lobe, has higher 
postsurgical risks than kidney donation, it is believed to be 
safe enough to perform at experienced centers.

Lung, intestine, and pancreas donations have been per-
formed; however, they are rare today given the risks along 
with slightly more favorable demand versus deceased donor 
ratio. Uterine transplant has almost exclusively used live 
donors but is still quite rare. Live kidney and liver donors 
continue to meet a great need, especially in places where the 
waitlist for organ far exceeds the number of deceased donors 
available. Worldwide, these two most commonly donated 
organs supply one-third of all kidney and liver transplants 
[2]. Living kidney donors meet this demand through tradi-
tional direct donation or through networks of paired exchange 
donation. In the United States, both kidney and liver dona-
tion had been increasing and reaching a plateau in recent 
years (Fig. 4.1).

Today live donation is a subspecialty of transplantation, 
and the successful management of a live donor requires a 
multidisciplinary team approach to their care before, during, 
and after transplant [3]. Guidelines on the psychosocial 
assessment and follow-up of living donors from Australia, 
the United Kingdom, the United States, Continental Europe, 
and Canada have been reviewed showing similar areas of 
concern with few offering specific psychosocial recommen-
dations [4]. The Organ Procurement and Transplantation 
Network/United Network for Organ Sharing (OPTN/UNOS) 
implemented policy requirements for all living liver and kid-
ney donors in the United States to foster consistency with 
informed consent, as well as medical and psychosocial eval-
uation. Similarly, the European Society for Organ 
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Transplantation (ESOT) has deemed that a psychosocial 
team is integral to the mission of live organ donation. UNOS 
has laid out broad goals for the psychosocial evaluation and 
these have been adapted to practice [5] (Table 4.1). The live 
donor psychosocial team must maintain a balance between 
overall encouragement of living donation and advocacy for 
the individual donor’s autonomy and safety.

 The Psychosocial Evaluation  
of the Live Donor

The live donor is assigned an evaluation team separate from 
the recipient team, consisting of a live donor transplant 
coordinator, medical specialist, donor surgeon, and an 
often- called “psychosocial team.” The composition of the 
psychosocial team varies greatly among transplant centers, 
but it most frequently consists of a mental health  professional 
(e.g., psychiatrist or psychologist) and a licensed social 

worker. The live donor transplant coordinator provides edu-
cation to the donor and families and makes an early assess-
ment of the donor’s ability to comprehend risk and desire to 
proceed with donation. Advanced practice nurses coordinate 
multidisciplinary care around the time of surgery and post-
donation. UNOS has mandated that a member of the living 
donor team serves as an independent living donor advocate 
(ILDA). Often the social worker serves in dual roles as a 
psychosocial evaluator and ILDA. The ILDA helps facilitate 
the donor’s independent decision-making given the variety 
of internal and external pressures they can face.

The OPTN offers some guidance regarding absolute and 
relative contraindications to live donation but leaves it to 
individual centers to practice discretion [6]. There is some 
agreement that the psychosocial evaluation should take 
place in two phases: an initial psychosocial screen along 
with medical prescreening, followed by a more extensive 
evaluation [7]. The initial screening often happens on the 
phone or in an online questionnaire with the goal to provide 
basic information to the donor, probe for the donor’s moti-
vations, and assess risk factors [8]. There is no clear guid-
ance on which donor candidates should require a more 
extensive evaluation. After a liver donor death in 2002, the 
New  York State Department of Health formalized rules 
requiring an evaluation by a “donor advocate team” includ-
ing an independent medical specialist and social worker, 
who are not part of the recipient team, and a transplant psy-
chiatrist. A sample process is outlined in Table 4.2.  In most 
centers the in-person psychosocial evaluation proceeds in 
tandem with the medical evaluation after some early educa-
tion and screening.

 The Medical and Surgical Evaluation

The goals of the medical evaluation are to ensure the immu-
nological compatibility between the donor and the recipient, 
analyze the general health and surgical risk for the donor, 
rule out diseases in the donor that could be transmitted to the 
recipient, and assess the anatomy and function of the organ 
to be donated. The transplant team usually conducts this 
evaluation along with consultation from cardiology, radiol-
ogy, and nutrition. If needed, other specialists are invited to 
evaluate donors whenever the initial work-up reveals medi-
cal diagnoses that are uncommon or have unclear impact on 
donation. The donor may need to be reevaluated or their 
information and laboratory analyses updated if a significant 
time has passed after the evaluation.

The surgeon reviews the recipient and donor body mag-
netic resonance imaging (MRI) and makes a determination 
of surgical approach. In the case of LDKT, the team usually 
chooses the kidney safest for removal and optimal for 
 donation with the caveat that the kidney with the better func-
tion should stay with the donor. Laparoscopy with minimal 

0

1000

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

2000

3000

4000

5000

6000

7000
N

u
m

b
er

 o
f 

d
o

n
o

rs

Year

Kidney donors Liver donors

Fig. 4.1 Live kidney and liver donors in the United States

Table 4.1 Live donor psychosocial evaluation goals

1.  Identify and appraise any potential risks for poor psychosocial 
outcomes

2.  Ensure that the prospective donor comprehends the risks, 
benefits, and potential outcome of the donation for herself or 
himself and the recipient

3.  Assess the donor’s capacity to make the decision to donate and 
ability to cope with a major surgery and related stress

4.  Assess the donor’s motives and the degree to which the donation 
decision was made free of guilt, undue pressure, enticements, or 
impulsive response

5.  Review lifestyle circumstances (e.g., employment, relationships) 
that might be affected by donation

6.  Determine that a support system is in place and ensure a realistic 
plan for donation and recovery

7.  Identify any factors that warrant educational or therapeutic 
intervention before donation can proceed

Reprinted with permission from LaPointe Rudow et  al. [5], adapted 
from the CMS survey and Certification letter: Organ transplant inter-
pretive guidelines, 2014
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scarring is available to kidney donors. In the case of LDLT, 
the surgical approach requires a transverse incision and a 
possible additional incision. Left lobe donation (segments 2, 
3, and 4) is generally safer than right lobe donation (seg-
ments 5, 6, 7, and 8). In donation to a child, often only the 
smaller left lateral lobe, roughly 15% of the total volume 
(segments 2 and 3) is needed. Right liver lobe donation 
(sometimes 60% of the total volume) is often required for an 
adult recipient (Fig. 4.2).

 Psychosocial Factors

The goals of the live donor psychosocial evaluation are to 
ensure that donors who move forward are highly motivated, 
capable of informed consent, have not been coerced to 
donate, and are not receiving payment for their donation. In 
addition, any ambivalence and sense of expectations for their 
own recovery and their recipient’s recovery should be 
explored. Particular attention is paid to donor candidates’ 
coping, psychological stability, emotional support, recovery 
support, and financial stability. The evaluator reviews the 
donor’s psychiatric and substance abuse history and assesses 
for the presence of any signs of current psychopathology. A 
meeting report from the American Society of Transplantation 

directs the components of a psychosocial evaluation of 
living- unrelated kidney donors where there is heightened 
concern regarding motivation and informed consent. As the 
donor is accepting a surgery that they themselves do not 
need, the ethical dictum “do no harm” remains a guiding 
principle in the evaluation of the live donor. Regret for going 
through donation is one unfortunate donor outcome, and 
there is growing evidence that some pre-donation factors 
predict poor psychosocial outcomes (Table 4.3).

Psychosocial risk and protective factors can include indi-
vidual features and interpersonal relations, along with their 
social and environmental milieu. Psychological vulnerabil-
ity, such as poor coping, should be identified and addressed 
accordingly. A psychiatric interview can uncover subtle 
coercive factors contributing to the donor’s decision. 
Psychiatric and substance use disorders have long been con-
sidered risk factors and concerns for donor screening. 
Potential donors with psychiatric disorders should be 
afforded the same access to candidacy as others but may 
need further evaluation by a mental health professional. The 
psychiatrist or psychologist working with a living donor pro-
gram should serve the best interests of the individual donor. 

Table 4.2 Live donor evaluation process

Prescreen Online/phone or in-person
  Medical questionnaire by the registered nurse 

(RN)
  Social work (SW) for mini-assessment for 

active psychosocial issues
  SW for distant donors

Length of 
evaluation

Liver, 2 days   Kidney, 1–2 days
Transplant Coordinator, Medical Evaluation, 
Cardiology, Dietician

SW/ILDA Scheduled after RN education and MD 
evaluation, 60–90-minute interview

Psychiatry 
referral

Liver donors:
  All are pre-scheduled
Kidney donors:
  Pre-scheduled with additional referral when 

indicated for:
  Altruistic, non-directed donors or social media 

donors
  Suspicion of secondary gain or questionable 

relationship
  Neurocognitive problems or symptoms
  Ambivalence
  Current psychiatric symptoms
  History of significant psychiatric disorder or 

substance abuse
  Paired exchange or chained donors

Committee 
review

Donor advocate team (medical and 
psychosocial) discuss clearance of donor
Surgeon and radiology review anatomy and 
potential for surgery

Cooling-off 
period

2 weeks; expectation of donor to contact the 
center with decision to move forward
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Fig. 4.2 Liver donor anatomy

Table 4.3 Potential risk factors for adverse psychosocial outcomes

Pre-donation
  Financial motivations [9]
  Feeling morally obligated to donate [10]
  Concerns about post-donation health effects [11]
  High ambivalence [12]
  Lack of partner [13]
  Psychiatric disorder [14]
Post-donation
  Longer recovery time [10, 11]
  Fatigue [15]
  Pain [16]
  Recipient graft failure [17–22]
  Financial stress [10, 11]

4 The Psychosocial Evaluation of Live Donors
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Little is known about the psychosocial outcomes of donors 
who are psychosocially excluded from donation.

Part of ESOT, a European platform on ethical, legal, and 
psychosocial aspects of organ transplantation (ELPAT), 
conducted a recent review of all available literature describ-
ing the psychosocial screening of living kidney and liver 
donor candidates. Most guidelines, consensus statements, 
and protocols recommend a standardized structured inter-
view (36%) or a semi-structured interview (57%) [7]. The 
psychosocial domains and factors that have been consis-
tently recommended for inclusion are described in this 
section.

 Motivation

The evaluator must empathetically query all the motivators 
or reasons for the donor’s presentation. More than any other 
psychosocial factor, donor motivation is considered an 
essential area to explore [7]. The donor should narrate the 
story of how their interest grew, including the relationship 
with the recipient, their learning about the process, their 
knowledge of risks, and any periods of ambivalence. While 
most directed donors describe an immediate positive 
response and agreement to the opportunity, not all donors 
maintain this enthusiasm [23]. Internal pressure or a sense of 
obligation may be in the realm of acceptable reasons, while 
signs of coercion from the recipient or external pressure to 
move forward should be met with concern for the donor’s 
independence in making a decision.

In directed donations, the motivation of a parent to help 
their young child is often easily understood. Similarly an 
adult donor to their elderly parent may seem obvious, but 
additional secondary motivations should be reviewed such 
as the desire to relieve caregiver burden or return to work. 
Wishing to relieve guilt or repair a troubled relationship 
may be problematic. Clarifying the donor’s experience with 
the recipient and their expectations for the future relation-
ship is a critical feature of fully exploring the donor’s moti-
vations. One qualitative study of kidney donors has 
identified multiple reasons for wanting to donate. These 
include compelled altruism, inherent responsibility, accept-
ing risks, family expectation, personal benefit, and spiritual 
confirmation [24].

Non-directed donors (NDD), also known as altruistic or 
“Good Samaritan” donors, should be expected to provide a 
more detailed explanation of their personal motivations for 
donation. These explanations usually fit a pattern of “com-
pelled altruism” related to a deep sense of purpose related to 
a past history of good deeds. The interviewer can explore past 
altruistic behavior or core values and beliefs. If the  primary 
goal is to improve their own self-esteem or their standing 
within their family or work, extreme care must be taken to 
describe these expectations. Some NDDs are also solicited 

from their religious community [25] or social media [26] 
without findings of coercion. NDDs should be discouraged 
to donate if it appears that there is a strong desire for recogni-
tion or an attempt to curry favor with a recipient. NDDs are 
commonly viewed with some skepticism and are evaluated 
with greater caution than related donors.

Organ sale is illegal in most of the world. In Iran where 
an organ market is legal, motivation for financial reward 
has been found to leave donors regretful [9]. When donors 
are paid, the emphasis on the commercial transaction may 
dampen the sense of altruistic intention. In the United 
States, the donor surgery and aftercare is paid by the recipi-
ent’s insurance, but extraneous costs and lost wages have 
been found to be a deterrent for donation [27]. Securing 
grants, stipends, and even private funds to recover some 
of these costs are ethically justified and encouraged by the 
transplant team, but possibility for additional payment must 
be queried. This should be a consideration whenever the 
donor is impoverished or in a subordinate relationship with 
the recipient.

 Relationship with Recipient

In the cases of directed donation, a full history of the rela-
tionship between live donor and recipient helps appreciate 
the motivations and the expectations placed on the recipient 
after donation. First degree relative donors may experience 
better outcomes than unrelated donors [28]. Nonetheless, 
directed donation from unrelated and non- spousal donors 
has increased. The initially identified NDD may grow close 
to the recipient through the clearance process. In the case 
of NDD, the expectation for the future relationship should 
still be explored. Given the sacrifice and investment, will 
the donor respect the recipient’s autonomy after donation? 
If the recipient’s lifestyle is not guided toward protection 
of the new graft, will this affect their relationship with the 
donor? A lack of stability in the relationship may prompt 
further exploration of the expectations for the relationship 
after donation. Due to the additional risks of liver donation, 
UNOS guidelines recommend a strong emotional bond in 
LDLT. In the cases of unrelated and non- spousal friends, 
the closeness of relationship should meet the standard of a 
“strong emotional bond.” When adhering to this guideline, 
the psychosocial evaluator should try to ensure that the donor 
is truly “like a brother” to the recipient in length and depth 
of the relationship.

 Informed Consent

For an adequate informed consent process to occur, the 
donor’s wishes to proceed with surgery must be voluntary, 
and they must have the relevant information and the capacity 
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for decision-making. Although donors often commit to dona-
tion before knowing all the risks [23], informed consent is 
developed after weeks of conversations with various team 
members and a 2-week cooling-off period ending ultimately 
in a situation-dependent decision to move forward on the day 
of surgery. The specific knowledge about their organ dona-
tion and recovery process is essential for the donor’s 
decision- making. Living donors should be aware of the vari-
ous risks of short-term morbidity and mortality, as well as 
long-term risks discussed below. Adapted education should 
be provided to potential donors. Throughout the evaluation 
process, the risks are discussed and re-discussed in person by 
multiple team members with a final surgical consent com-
pleted just prior to surgery.

The psychosocial evaluation is completed along the 
medical assessment, and psychosocial evaluators should be 
aware that the donor’s knowledge of the material may still 
be nascent. Donors should demonstrate early knowledge 
level and capacity to learn new information. General com-
petency referring to global decision-making ability and 
capability to comprehend information should also be 
assessed. Donors tend to interpret new information in a 
selective fashion in support of their initial choice [29]. 
Hence they may minimize risks or be passive about seeking 
information that could help them more effectively prepare 
for donation. One of the major goals of the psychosocial 
evaluation is to allow the potential donor to feel comfort-
able to openly share their concerns and to encourage this 
type of openness throughout the process.

 Expectations After Donation

Donors may have unrealistic expectations about the donation 
experience and recipient outcomes. Some donors and patients 
have the erroneous expectations that transplantation will result 
in a cure for end-organ damage, with a return to premorbid 
health. Donors with unrealistic expectations and anxious 
avoidance of problem confrontation had more problematic 
postoperative courses [30]. Donors’ baseline understanding 
must be assessed and corrected early in the evaluation process. 
Papachristou and colleagues completed a qualitative analysis 
of 28 donor interviews and describe four different attitudes 
donors displayed in dealing with the risks (Table  4.4) [23]. 
The donor’s attitude toward outcomes for themselves and 
the recipient should be individually considered. Donors may 
retain hope and trust in the medical system to minimize risks, 
but concerns about outcomes for the recipient may remain.

 Ambivalence

Ambivalence about donation is not uncommon and has been 
found to predict poor post-donation psychosocial outcomes 

[12]. Ambivalence may play a central role in the motivation 
to donate and the donor’s relationship with the recipient. 
Ambivalence has been the only psychosocial factor studied 
and targeted for intervention in a randomized controlled trial. 
Kidney and liver living donors were provided with motiva-
tional interviewing to target donor’s residual ambivalence and 
found that the reduction in ambivalence in their intervention 
group was also predictive of improved medical and psychoso-
cial outcomes for the donors [12]. Interestingly, in the Adult-
to-Adult Living Donor Liver Transplantation Cohort Study 
(A2ALL), some pre-donation ambivalence along with motiva-
tion and purpose was associated with donors’ perceptions of 
being better people and experiencing psychological growth fol-
lowing donation [28]. Liver donors may be more ambivalent 
about donation than kidney donors [31]. This may stem from 
the higher risks involved. The degree of ambivalence may be 
increased by anxiety, depression, physical symptoms, as well 
as low social support [32]. Ambivalence is not an uncommon 
internal struggle but may be salient in potential donors who 
may be exploited or coerced to donate, and thus should be 
always further explored and understood.

 Social Support and Stability in Life

A functional social support network is usually reviewed in 
both recipient and donor evaluations. Family support may 
predict a donor’s stability and sense of coherence [33]. Low 
social support may influence other factors such as donor 
ambivalence. In one cross-sectional study of liver donor can-
didates with a high incidence of ambivalence, higher social 
support was able to mitigate other psychosocial factors’ 
impact on ambivalence [34]. A lack of a partner may impact 
post-donation well-being and increase in psychological 
symptoms [13]. The evaluator should also query the donor 
for possible disapproval from family and friends. It is not 
uncommon for potential donors to not speak with their social 

Table 4.4 Donor attitudes toward risks

Heroic/
optimistic

These donors present 
with an overly 
optimistic or fatalistic 
attitude

“I know anything can 
happen… it’s ok if I 
die… we are putting our 
faith in God’s hands”

Optimistic/
apprehensive

These donors were 
less positive and took 
in less knowledge 
about risks

“I don’t want to think 
too much about it, but 
I’m sure it will be ok”

Informed/
balanced

These donors carefully 
weighed the pros and 
cons and made a 
deliberate decision

“We have considered all 
those possibilities and 
we are comfortable with 
risks”

Uncertain/
anxious

These donors fearfully 
avoid the risks and 
feel they cannot 
manage

“I’m not sure I know all 
the risks yet, I have to 
think about it more”

Adapted from Ref. [23]. Used with permission
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support prior to evaluation; this can be problematic espe-
cially when the donor needs to ensure social support and 
help. Financial instability along with other stressors such as 
divorce, unstable work, and children’s illness should also be 
queried. Some of the social concerns may be mitigated 
through grants from private foundations and patient advo-
cacy groups. For example, the National Kidney Foundation 
(NKF) can help offset the costs of travel.

 Psychiatric Disorders, Unhealthy Coping, 
and Substance Use Disorders

Candidates with severe psychiatric conditions, especially 
with suicidal behavior, require a thorough evaluation with a 
psychiatrist or psychologist. Psychiatric disorders may be 
minimized prior to donation, being prevalent after donation 
and associated with worse quality of life post-donation [14]. 
Personality disorders and/or personality traits should be 
addressed, especially if it is believed that severe, unmanaged 
disorders may be contributing to the wish to donate. The can-
didate with motivation for donation stemming from a latent 
wish to be psychologically stable cannot be accepted. 
Similarly, those with ongoing suicidality and severe untreated 
mental illness should be discouraged to donate. In 1 study of 
205 sequential liver donor candidates, with 66 going on to 
donate, 11 were rejected for psychiatric conditions and sub-
stance abuse [35]. It may be prudent for the transplant psy-
chiatrist to meet these declined candidates in person and 
conduct a risk assessment prior to referring them for ongoing 
psychiatric care.

For those not declined, mental health professionals can 
further evaluate severe anxiety or impulsivity that may be 
barriers to successful donation. This may be especially perti-
nent in donors going into a chain or paired exchange to pre-
vent discontinuation to the organ chain due to ambivalence. 
Published data suggest that accepted donors tend to be more 
resilient than the general population [36]. Pre-donation resil-
ience predicted higher quality of life 3 months post-donation 
[37]. Potential donors with a history of trauma, substance use 
disorders, or personality disorders may sense their own vul-
nerability and not move forward early in the evaluation 
process.

Excessive alcohol use may both impact the donated liver, 
as well as be a great risk for complicating hepatic regenera-
tion in the donor. Some have called for the same cessation 
requirements for donors as for liver recipients [38] and 
donors should be carefully monitored for any alcohol use 
disorder behaviors prior to and after donation [28]. Active 
opioid use disorder or regular opioid use for chronic pain 
should also be ruled out. Tobacco use in kidney donors is 
associated with negative renal function in both the recipient 
and donor post- donation with smoking cessation possibly 
improving this outcome [39].

 Obstacles to the Psychosocial Evaluation

Naturally, potential donors will often highlight their strengths 
and minimize areas of concern. This type of impression man-
agement can at times come across as “too good to be true.” 
Rigid denial of all symptoms or minimizing minor or remote 
history of substance use should alert the evaluator to poten-
tial problems with truthfulness. Deceptive behavior can be 
often uncovered by a thorough assessment of all the key psy-
chosocial domains. The evaluator should attempt to question 
any areas of deception in the most nonjudgmental and pro-
fessional manner. Cultural differences and language transla-
tion can further complicate the full evaluation and may 
require extra time and additional meetings.

 Psychosocial Assessment Tools

Psychometric tools can be helpful to standardize the psycho-
social assessment given the subjective reporting of many 
variables. Standardization can be a boon to improving com-
munication between team members, creating efficiencies in 
workflow, educating new team members, and encouraging 
research endeavors.

Self-assessment questionnaires using Likert scales can be 
mailed to potential donors prior to presenting to the center. 
The Living Donation Expectancies Questionnaire (LDEQ) 
focuses on the potential donor expectations for personal 
well-being after donation [40]. In a wish to also include 
donor expectations for the recipient’s well-being, the 
Donation Cognition Instrument (DCI) was developed to 
assess a fuller range of motivations, expectations, and wor-
ries surrounding donation [41]. While these tools have not 
been tested for post-donation outcomes, they may be helpful 
with aiding in donor decision-making and to intervene if 
expectations are problematic. Another set of self-assessment 
scales developed for kidney donors by Roberta Simmons 
was used to test ambivalence through a motivational inter-
viewing intervention [12]. Two tests of knowledge about kid-
ney and liver donation have been developed: the Rotterdam 
Renal Replacement Knowledge-Test (R3K-T) for kidney 
donors [42] and the Evaluation of Donor Informed Consent 
Tool (EDICT) for liver donors [43].

Two comprehensive evaluation tools have been developed 
for use with all solid organ living donor candidates, the liv-
ing organ donor Psychosocial Assessment Tool (EPAT) and 
Live Donor Assessment Tool (LDAT). Both tools require a 
semi-structured interview and offer concrete guidance for 
psychosocial screening of live organ donors. The EPAT was 
developed by members of the European Society for Organ 
Transplantation (ESOT) and consists of a selection of 28 
validated questionnaires, 43 interview questions, and a 
14-point red flag checklist [44]. The LDAT was designed at 
New York’s Mount Sinai Hospital to encompass the various 

A. Shenoy



55

psychosocial areas of concern and should be used by a mem-
ber of the psychosocial team familiar with living donation. 
Modeled in part on the Stanford Integrated Psychosocial 
Assessment for Transplantation (SIPAT) [45], the current 
LDAT consists of 33 items across 8 major domains. The 
LDAT has good inter- rater reliability between psychiatrists 
and social workers, as well as construct validity for the usual 
risk stratification of donors and has been shown to predict 
post-donation adherence problems [46]. The LDAT was eas-
ily integrated into different centers’ psychosocial evaluation 
process and a multi-center prospective study across four var-
ied US transplant centers.

The components of the LDAT are demonstrated in 
Table 4.5.

 Independent Living Donor Advocate (ILDA)

Consensus recommendations have suggested that all poten-
tial live donors meet with an independent living donor advo-
cate (ILDA) who is not a member of the recipient transplant 
team in order to minimize potential conflicts of interest. The 
role of the ILDA has been evolving since 2007. At present, 
the ILDA responsibilities include many of the components 
of a general psychosocial evaluation with a focus on inde-
pendently evaluating the potential donor’s willingness and 
competence to donate. The ILDA also ensures that the donor 
understands their rights to withdraw at any time and the con-
cept of the opt-out or so-called medical out.

In order to protect the donor’s right to self-determination, 
they are repeatedly reminded of their option to opt out. A 
common script instructs “As a potential donor, you have the 
right to decline to donate at any time. Additionally, you may 
discontinue the donor consent or evaluation process if you 
wish; you may do so in a way that is protected and confiden-
tial.” This remains a difficult option for close relatives who 
wish to maintain an ongoing trusting relationship with their 
relative. The donor should feel comfortable to share these 
concerns and manage their wish to secure “permission” to 
back out from their relative [47]. Strong feelings of guilt for 

backing out can be overwhelming to potential donors and 
should be processed by the ILDA, along with other members 
of the psychosocial team.

 Live Donor Outcomes

Living donors can improve outcomes for organ recipients by 
improving survival rates and optimizing the timing of trans-
plant. Kidney recipients wish to time the surgery for when 
they are most prepared and to avoid dialysis. For donors 
themselves, a well-deserved “halo” effect may enhance the 
sense of well-being that donors enjoy but can quickly give 
way to loss of attention when the focus turns to the recipient. 
Donors often directly benefit by increased satisfaction and 
meaning in their life, but there are psychosocial risks beyond 
the surgery.

Clinicians have an ethical duty to the donor to ensure that 
the known risks of donation are understood. While the actual 
outcomes of kidney and liver donation may be better than the 
perceived risks [48] in one study, while donors felt well-
informed of perioperative donor risks (94%) and their short-
term complications (85.3%) as well as recipient risks (97%) 
and hazards of graft dysfunction (88%), only 53% of donors 
felt well-informed of the donor long-term complications, 
with 47% stating that they had little or no information on this 
topic [49].

 Donor Surgery, Acute Recovery Period, 
and Long-Term Medical Outcomes

The live organ donor must manage a variety of short-term 
physical, emotional, and social challenges. Kidney donor 
surgery has evolved from open laparotomy to a laparoscopic 
procedure with on average a 2-day hospital stay and a 2-week 
recuperation. Kidney donors should expect to miss 4–6 weeks 
of work, if their jobs require heavy lifting, but can expect to 
return to a desk job after 2  weeks. Donor nephrectomy 
through laparoscopy causes less pain, shorter hospital stays, 
quicker recovery times, and better cosmetic results. Fatigue 
[15] and pain [16] remain concerning patient-reported out-
comes that can impact psychosocial well-being. While the 
short-term risks of kidney donation are lower than with liver 
donation, the long- term risk of end-stage renal disease 
(ESRD) is increased relative to other healthy controls with a 
low absolute risk (incidence rate 0.5 event per 1000 person-
years). The same meta-analysis observed a higher rate of 
preeclampsia (incidence rate 5.9 events per 100 pregnancies) 
[50]. Studies of long-term outcomes of kidney donors are 
based on younger, non-obese donors. Removing risk factors 
such as high blood pressure, weight, glycemic control, and 
tobacco use may reduce the risk of long- term ESRD in the 
donor.

Table 4.5 Live Donor Assessment Tool (LDAT)

1.  Motivation (internal/external motivation, types of motives, 
relationship)

2.  Feelings (coercion, anxiety, indecision, impulsivity, ambivalence)
3.  Knowledge (health literacy, knowledge of process, recipient’s 

diagnosis)
4.  Expectations (post-donation recovery, recipient outcomes, 

change in relationship)
5.  Social support (functional status, relationships, support’s attitude 

toward donation)
6.  Stability in life (early life, employment, financial, stressors, 

coping, sleep)
7.  Psychiatric issues (symptoms, personality traits, truthfulness)
8. Substance abuse (alcohol, substances, marijuana, nicotine)
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Hepatectomy is more surgically complex and invasive 
than nephrectomy. Often, these donors suffer more  short- term 
complications than their kidney donor counterparts. In most 
adult-to-adult liver donation, the larger right lobe is removed, 
with an estimated mortality rate around 0.4–0.5% 60–90 days 
after partial hepatectomy. When the recipient is a child or a 
smaller recipient, the left lobe is donated. In these cases, the 
risk of death may be much lower, at around 0.09%. During 
the initial hospitalization, the most common complications 
are ileus (27%) and atelectasis (26%). The mostly minor 
perioperative morbidity of around 25% lends support to the 
current donor selection process [51].

In 2016, there were 354 LDLTs performed with a 10-year 
recipient graft and patient survival of 65% and 80%, respec-
tively. The improved survival over deceased donor trans-
plant is one of the reasons to justify the potential risks of 
directed liver donation. Post-donation, the liver donor must 
routinely manage discomfort, fatigue, and pain. In the 
A2ALL group at 3 months post-transplantation, nearly 80% 
of complications have resolved, with a 95% resolution after 
12 months [52]. Similarly, even though donors have reported 
decreased sexual function at 3 months, most reported com-
plete return to normal activities after 1 year [53]. Another 
study of long-term follow-up suggests that over half of liver 
donors experience persistent intolerance to fatty food and 
one-third had gastrointestinal reflux and nausea [17]. 
Decreased platelet counts have been a consistent finding 
with 19% average lower count at 3 years post-donation [54].

 Long-Term Psychosocial Outcomes

In addition to medical outcomes, centers are studying post- 
donation quality of life, psychiatric disorders, resilience, 
substance abuse, relationships, and financial impact [10, 55]. 
Concerns of securing future insurance due to a preexisting 
condition continue to loom.

 Kidney
In an effort to realize long-term psychosocial outcomes of 
kidney donors, the Renal and Lung Living Donors Evaluation 
(RELIVE) study completed a cross-sectional survey of 2455 
kidney donors across 3 transplant centers. The majority of 
kidney donors reported high satisfaction with their lives [56] 
and had a rate of post-donation depression of 8% comparable 
to the general population. Those with poor psychosocial out-
comes felt morally obligated to donate, had increased recov-
ery time, and revealed financial stress [10]. Recipient graft 
failure was also an independent risk factor for low donor sat-
isfaction [18]. While many kidney donors report an increase 
in self-esteem, those with recipients who died had less opti-
mal psychosocial outcomes [19]. Two recent prospective 
studies of psychological health also exposed mild donor vul-

nerability around setbacks in recipient’s health but overall 
return to baseline psychosocial health [20, 21].

 Liver
Three to 10 years after live liver donation, 95% of donors 
reported that they would donate again [52]. Other studies 
have shown similar findings. In one group of donors, 47% 
suggested ways to improve the donation process such as 
providing more detail in the informed consent, but still 
94% of liver donors were willing to donate again [17]. Half 
of donors reported improved relationships with their recipi-
ents with one-third reporting better relationships with their 
own families, while 44% of donors found their out-of-
pocket expenses burdensome [57]. It is likely that the close 
relationship with their recipients helped engender the wish 
to donate, despite the costs. Positive medical and psychoso-
cial outcomes aside, other concerns still exist. Quality of 
life decreased for liver donors whose recipient died in the 
first 2 years [22]. Higher than normal levels of anxiety in 
females and alcohol use disorder in males were observed in 
follow-up [11]. Two patients committed suicide as a late 
complication of donation among the 390 donors in the 
A2ALL series, and 11 patients (2.8%) experienced severe 
psychiatric complications [58].

 The Ethics of Live Donation

Transplant professionals must balance the ethical principles 
of preserving the donor’s autonomy and protecting them 
from risk. Short- and long-term risks should be explained, 
minimized as much as possible, and clarified for the donor’s 
understanding to facilitate an autonomous and informed pro-
cess. Autonomy should be curtailed when donors are request-
ing to act in clinically hopeless situations. Autonomy may 
also be called into question in cases where unnecessary risks 
are present, there is evidence of coercion, or motivations are 
not consistent with maintaining good donor outcomes. A sig-
nificant number of living kidney and liver donors feel their 
own lives have been enhanced by the process of donation, 
reporting a heightened sense of satisfaction, self-esteem, and 
psychological growth [19, 56, 59]. These findings raise an 
interesting question about the balance of beneficence and 
non-malfeasance for donors, independent of the benefits 
experienced by recipients. In this line of thinking, the trans-
plant community could be encouraging more non-directed 
donation where the outcome for the specific recipient is less 
important to the donor.

Allowing donors with their own increased medical and/or 
psychosocial risk is also an ethical question. The consensus 
has been for non-directed kidney donors to meet the same 
degree of medical suitability of related donors, but height-
ened concerns about informed consent and true autonomy 
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for decision-making remain [8]. Current practices allow the 
psychosocial team to decline donors with inappropriate rela-
tionships or strong unconscious or latent motivations that 
may not be resolved through the donation process. The 
team’s suspicions that these donors may be regretful after 
donation may compete with the donor’s autonomy. The act 
of declining these candidates can cause its own interpersonal 
conflict and may raise questions as to how well the psycho-
social team can predict poor outcomes. The overall struggle 
to ensure good outcomes for the program, in the face of indi-
vidual autonomy, is a regular theme.

Ensuring donor’s privacy and the freedom to opt out at 
any time during the evaluation process is the current doc-
trine. The “medical out” or so-called alibi helps preserve 
donor autonomy, but it raises questions about the “invention” 
of a medical illness as cause for disqualifying a prospective 
donor. It is common practice for the specific reasons for 
excluding a donor not be disclosed to the recipient. Coercion 
may also occur at the institutional level when donors joining 
a kidney exchange or chain enter a commitment to donate 
especially when several people are depending on that 
individual.

 Future of Live Donation and Conclusions

Live donation will continue to grow before synthetic organs 
or xenotransplantation are clinical feasible. The transplant 
community has documented clear success in LKLT and 
LDLT through the high-quality care and outcomes. Kidney 
recipients, in particular, have improved outcomes, and the 
health system can save approximately $20 million for every 
100 kidneys transplanted, averting dialysis over a 5-year 
period [60]. Transplant professionals and government agen-
cies must continue to study outcomes, barriers to access, and 
ways to improve donor recruitment.

OPTN/UNOS has mandated a 2-year follow-up of all 
organ donors. Future studies should try to include donors 
who are older, overweight, and members of racial and ethnic 
minorities to best represent the demographics of future 
donors.

Paired and chained donation are transforming live kid-
ney donation. The National Kidney Registry (NKR) has 
used matching algorithms to large sets of potential donors 
and their intended recipients to allow large chains expand-
ing the donor pool. The recent findings that show good 
recipient outcomes with HLA incompatible pairs will help 
the many live donors who wish to directly donate to their 
loved one [61].

After a peak of donors in 2004, the number of annual live 
kidney donors has leveled, while the proportion of NDD has 
increased. Four main barriers to living kidney donation were 
identified: lack of education of patients and families, lack of 

public awareness about living donor kidney transplantation, 
financial costs incurred by donors, and healthcare system- 
level inefficiencies [60]. Proposed strategies to expand the 
live donor pool include allowing more medically complex 
and older donors, improving outreach to potential family 
donors, increasing encouragement of altruistic or NDD, par-
ticipating in paired and pooled exchange programs, and 
offering subsidies to offset cost to the donor [5].

Live organ donation is an essential and thriving part of 
organ transplantation. Research into the medical and psycho-
social outcomes will continue to help educate future donors 
to come forward. Care must be taken to ensure that donors 
are not coerced or complicit with exploitative financial trans-
actions. There is a strong role for the psychosocial team to 
ensure that a careful selection of organ donors ensures ongo-
ing and perhaps improved donor outcomes.
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 Introduction

Chronic kidney disease (CKD) is the ninth leading cause 
of mortality in the United States (USA) [1]. CKD is 
defined by changes in kidney structure or function, as 
 evidenced by imaging abnormalities, albuminuria 
(≥30 mg/g), and/or a reduced estimated glomerular filtra-
tion rate (eGFR) of less than 60  ml/minute/1.73  m2 for 
3 months or more [2, 3]. The Kidney Disease Improving 
Global Outcomes (KDIGO) group classifies CKD by 
stage according to eGFR and albuminuria (see Table 5.1) 
[3]. Of note, end-stage renal disease (ESRD) is an admin-
istrative term in the United States, based on the conditions 
for payment for healthcare by the Medicare ESRD 
Program, specifically the level of eGFR and the occur-
rence of signs and symptoms of kidney failure necessitat-
ing initiation of treatment by replacement therapy. ESRD 
includes patients treated by dialysis or transplantation, 
irrespective of the level of GFR.

The progression between CKD stages is variable, how-
ever it generally takes years for one to reach stages 4 and 5. 
Rapid onset and progression is possible, such as with rap-
idly progressive glomeruloneprhitis and in cases where 
there is additional kidney injury, such as medication neph-
rotoxicity or sepsis. After reaching stages 5 with uremic 
symptoms or in cases of severe acute kidney injury, renal 
replacement therapy (RRT) is usually recommended. RRT 
includes continuous and intermittent dialysis modalities 
(i.e hemodialysis and peritoneal dialysis) and kidney trans-
plantation. Continuous RRT can be done via continuous 
hemodialysis, hemofiltration, or hemodiafiltration; these 

interventions are done in acute situations, typically during 
treatment in intensive care unit. Many patients with CKD 
eventually require intermittent dialysis (often referred to as 
“dialysis”), which can be performed at a qualified center or 
at home (see Chap. 7 for further discussion of dialysis).

Albuminuria alone is an independent risk factor for CKD 
progression and is associated with increased mortality from 
cardiovascular disease [4–8]. Increasing stages of CKD carry 
an incremental risk of mortality [3]. Cardiovascular disease 
is the leading cause of death in CKD and remains so in 
patients who receive kidney transplants [9].

Patients with CKD, particularly those who have advanced 
to ESRD, utilize a disproportionate amount of healthcare 
resources. According to the United States Renal Data System 
(USRDS), Medicare expenditure for CKD approached $100 
billion in 2015 and $34 billion of that amount was spent on 
care for patients with ESRD [10, 11]. Despite this, the aware-
ness of CKD remains quite low among individuals who have 
the disease and the general population [10, 12]. Nearly half 
of patients with advanced stages of kidney disease are 
unaware of having CKD [12]. Patients may be aware of hav-
ing diabetes or hypertension, and though they may have con-
current albuminuria and/or reduced eGFR, they often do not 
make the association that they have CKD.  Many patients 
who present for transplantation report being unaware of hav-
ing chronic kidney disease until they were near or had 
reached ESRD. Early referral from primary care providers to 
nephrology helps to bridge this gap and allows for patient 
education and dialysis planning. The general consensus is to 
refer patients with stage 3 CKD to nephrology. Early referral 
to nephrology allows for early referral to a kidney transplant 
center, which helps facilitate preemptive (i.e., transplant 
prior to needing dialysis) kidney transplantation. 
Transplanting patients just before they require dialysis is 
associated with better allograft and patient survival outcomes 
[13–15]. Given the extensive workup needed for kidney 
transplant (discussed later), early referral also allows patients 
time to complete required studies prior to transplantation.
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 Epidemiology

According to the USRDS, the prevalence of CKD was 14.8% 
between 2011 and 2014 [10]. This number has been relatively 
stable over the past 2 decades and translates to approximately 
30 million Americans with CKD. In 2015, the adjusted preva-
lence of patients on dialysis was 2128 persons per million/
year, and there were 124,114 new ESRD cases with an adjusted 
incidence rate of 357 persons per million/year. Prevalent 
ESRD cases continue to rise due an aging population and 
increased patient survival on dialysis. In the United States, the 
vast majority of patients requiring renal replacement therapies 
are on hemodialysis compared to peritoneal dialysis and kid-
ney transplantation. In 2015, among prevalent ESRD patients, 
63.2% were on hemodialysis, 7.0% were on peritoneal dialy-
sis, and 29.6% had received kidney transplants [10].

There are racial and ethnic differences in the prevalence 
and incidence of CKD. In 2015, the adjusted incidence rate 
ratio for ESRD compared to Caucasians was 3.0 for African 
Americans, 1.2 for American Indians/Alaska Natives, and 1.0 
for Asians [10]. All groups experienced a decline in incidence 
rate over a 15-year period. The incidence rate ratio in Native 
Hawaiians/Pacific Islanders was 8.4; however, due to the sig-
nificant discrepancy in this race designation in the US Census 
data versus USRDS, this data is inconclusive. In African 
Americans, the excess risk of ESRD is attributed to inheri-
tance of apolipoprotein L1 (APO-L1) gene variants. Carrying 
two risk alleles confers a tenfold higher risk of ESRD from 

hypertension and a 17-fold higher risk from focal segmental 
glomerulosclerosis (FSGS) [16]. The APO- L1 risk alleles are 
found predominantly in people with West African Ancestry. 
Having one risk allele is reported to protect against African 
Trypanosomiasis similar to protection from Malaria seen in 
heterozygote carriers of the sickle cell gene [17].

Mortality among patients on dialysis decreased by 28% 
between 2001 and 2015. Adjusted mortality rates were 136, 
166, and 29 per 1000 patient-years in ESRD, dialysis, and 
transplant patients, respectively [10]. In Medicare patients, 
the mortality rate among CKD patients is more than twice 
higher than that of patients without CKD at 109.8 per 1000 
patient-years. CKD patients also experience higher rates of 
re-hospitalization compared to patients without CKD [10].

 Etiologies of CKD

Diabetes and hypertension are the two leading causes of 
CKD in the United States and other developed countries 
[10]. The etiology of ESRD from diabetes and hyperten-
sion is often presumptive as it is not typical to obtain biop-
sies in these patients. Nonetheless, 40% of patients with 
CKD have diabetes and 32% have hypertension [10]. 
Advancing age is the largest predictor of low eGFR, while 
hypertension is the largest predictor of albuminuria [10]. 
Figure 5.1 shows the etiologies of incident ESRD based on 
data from USRDS [10].

eGFR categories (ml/min/1.73m2)

Albuminuria categories (mg/g) 

A1 

Normal to
Midly
increased

A2 

Moderately
increased 

A3

Severely
increased

< 30 mg/g 30-300
mg/g

> 300 mg/g

G1 Normal or high ³ 90

G2 Mildly decreased 60-89

G3a Mildly to moderately
decreased 

45-59

G3b Moderately to severely
decreased 

30-44

G4 Severly decreased 15-29

G5 Kidney failure <15

Table 5.1 Classification and 
prognosis of chronic kidney 
disease by GFR and albuminuria 
categories [3]

Green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk; orange, 
high risk; red, very high risk
2012 KDIGO guidelines incorporate prognosis as predicted by accompanying albuminuria. Abbreviations: 
eGFR estimated glomerular filtration rate. Source: Adapted from: http://kdigo.org/home/guidelines/
ckd-evaluation-management/
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Glomerulonephritis or glomerular disease is the third 
leading cause of ESRD in the United States [10]. A study 
looking at the temporal and geographic trends in 21,374 
biopsy-proven cases between 1986 and 2001 found that 
focal segmental glomerular sclerosis accounted for 25%; 
membranous nephropathy, 13%; lupus nephritis, 12.5%; 
IgA nephropathy, 10%; pauci-immune glomerulonephritis, 
8%; minimal change disease, 5%; and membranoprolifera-
tive glomerulonephritis, 3% of cases of glomerular disease 
[18]. Glomerulopathies recur at variable time periods post-
transplant and are an important cause of allograft loss/fail-
ure, particularly in living donor recipients [19].

It is important to know the cause of kidney disease due to 
the risk of disease recurrence in the transplanted kidney (see 
Table  5.2) [19–21]. This allows the transplant provider to 
counsel patients about their disease-specific risks. Some kid-
ney diseases (e.g., primary FSGS and C3 glomerulopathies) 
can recur aggressively early and lead to allograft loss. The 
rates of disease recurrence and risk of graft loss reported in 
the litterature is variable based on different study design used 

and ascertainment and followup timeframes. This informa-
tion is particularly important for patients with living donors.

 Complications of Advanced Kidney Disease

 Anemia

In advanced stages of kidney disease, anemia is caused by 
reduced erythropoietin production and shortened lifespan of 
red blood cells [22, 23]. The use of erythropoietin stimulat-
ing agents has greatly reduced the need for blood transfu-
sions in the dialysis population [24]. Limiting sensitizing 
events is paramount in patients who are likely to need a kid-
ney transplant. Sensitizing events (e.g., transfusions, preg-
nancies, prior transplants) increase the chance of developing 
panel reactive antibodies (PRA) to the general population. 
Patients with greater sensitization have smaller pools of 
available donors. Patients with PRA greater than 20% are 
considered sensitized, and those with PRA greater than 80% 
are considered highly sensitized. Previously patients who 
were considered highly sensitized had disproportionately 
long waitlist times. In December 2014, the US organ alloca-
tion rules changed to allow a sliding scale of points based on 
PRA.  In addition, patients who are hypersensitized with 
PRA of 99 and 100 gained access to regional and national 
organ sharing, respectively.

 Acid-base Imbalances

Patients with advanced stages of kidney disease tend to 
develop a chronic metabolic acidosis. Treatment of chronic 
metabolic acidosis with bicarbonate supplementation may 
mitigate uremic bone disease, malnutrition, and muscle 
wasting and may help slow the progression of kidney dis-
ease [3, 25–27]; however, the level at which supplementa-
tion should be initiated and whether to target a normal 
serum bicarbonate level is somewhat controversial in the 
nephrology community. The KDIGO group recommends 
treating chronic metabolic acidosis with bicarbonate sup-
plementation to achieve serum bicarbonate levels above 
22 mmol/L [3].

 Electrolyte Imbalances

Hyperkalemia is the more common and feared electrolyte 
abnormality in patients with CKD as it may lead to fatal car-
diac arrhythmias [28]. Chronic exposure to a high-potassium 
milieu raises the threshold at which cardiac arrhythmias 
occur, such that many dialysis patients adapt to serum potas-
sium of greater than 6.0 mmol/l without the clinical conse-
quences, levels that could pose a significant risk if acutely 
developed. As kidney disease progresses, patients are prone 

Diabetes
38%

Hypertension
25%

Glomerulonephritis
16%

Cystic disease
5%

Other
16% 

Etiologies of End-Stage Renal Disease

Diabetes Hypertension Glomerulonephritis Cystic disease Other

Fig. 5.1 Etiologies of incident ESRD according to 2015 USRDS 
data [10]

Table 5.2 Recurrence rates of kidney disease after transplant

Disease
Risk of 
recurrence

Risk of graft loss 
at 5–10 years

Primary FSGS 20–40% 20–30%
Membranoproliferative 
glomerulonephritis (MPGN) type I 
(monoclonal and polyclonal IgG)

20–60% 10–50%

MPGN type II (C3 glomerulopathy 
and dense deposit disease)

50–90% 10–50%

Membranous nephropathy 10–55% 20–50%
IgA nephropathy 50–60% 2–20%
Lupus nephritis 2–40% 15%
Anti-GBM disease <5–50% 5%
Atypical hemolytic uremic 
syndrome

30–50% >50%

Amyloidosis 25% Rare
Primary hyperoxaluria 100% 80%

5 Chronic and End-Stage Renal Disease and Indications for Renal Transplantation
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to hyperkalemia due to oliguria, high-potassium diet, and/or 
the use of medications that induce a hypoaldosterone state 
(e.g., renin-angiotensin system blockers) [29].

Hyperkalemia is treated by adhering to a low-potassium 
diet, the use of potassium-binding resins (e.g., Kayexalate 
and Patiromer), discontinuing renin-angiotensin-aldoste-
rone-system-blocking medications, and dialysis.

Hypona tremia is another common electrolyte abnormality 
in advanced CKD, and it is often caused by impaired free 
water excretion as eGFR declines. Hyponatremia may be 
confounded by a concurrent syndrome of inappropriate antid-
iuretic hormone secretion (SIADH) and/or hypervolemic 
states. It is important to decipher the exact etiology of hypo-
natremia and chronicity to determine appropriate treatment.

 Mineral Bone Disease

Mineral bone disease (MBD) occurs from derangements in 
the phosphorus-calcium-parathyroid hormone axis that 
occur in advanced kidney disease [30]. Manifestations of 
MBD include osteitis fibrosa, osteomalacia, and adynamic 
bone disease. As kidney function declines, serum phospho-
rus rises and calcium decreases (due to decreased produc-
tion of activated vitamin D by the kidney). The rise in 
phosphorus is initially mitigated by an elevated fibroblast 
growth factor (FGF)-23 level and then rising parathyroid 
hormone (PTH), both of which are phosphatonins [31]. The 
rise in PTH helps to normalize both phosphorus and cal-
cium. This process leads to a development of secondary 
hyperparathyroidism. Treatment includes adhering to a low-
phosphorous diet, taking phosphate binders with meals, and 
using active vitamin D analogs (e.g., calcitriol) and calcimi-
metics (e.g., Sensipar) [32, 33]. A selected number of 
patients with secondary hyperparathyroidism go on to 
develop tertiary hyperparathyroidism requiring parathyroid-
ectomy. Some transplant centers require patients with 
uncontrolled hyperparathyroidism undergo parathyroidec-
tomy prior to kidney transplantation. However, kidney 
transplantation alone may restore the calcium- phosphorous-
PTH axis and lead to resolution of secondary hyperparathy-
roidism within several months. Patients with persistent 
hyperparathyroidism after kidney transplantation may then 
be referred for parathyroidectomy.

 Hypertension and Volume Overload

Patients with advanced CKD are less adapt to changes in 
sodium and volume expansion. With development of oliguria 
or anuria, management of volume overload is quite challeng-
ing and may require near daily dialysis in some patients. 
Fluid restriction is paramount for reduction of intradialytic 

weight gains but is challenging for many patients. In these 
more challenging cases, longer (4 hours or more) and/or fre-
quent (4 days a week or more) dialysis may be needed for 
volume management. To enable more aggressive ultrafiltra-
tion (fluid removal on dialysis), nocturnal dialysis or home 
hemodialysis modalities can accommodate longer or more 
frequent dialysis sessions in patients who can manage the 
timing, training, and equipment. Other treatment options 
include sodium restriction (< 2 grams per day), fluid restric-
tion, and diuretics in patients who are not auric [3, 34].

 Malnutrition

Malnutrition is a common consequence of advanced CKD 
[35]. Patients with CKD have diminished appetite and 
anorexia which is confounded by many dietary restrictions 
(e.g., sodium, potassium, phosphorus), and they lose amino 
acids in dialysate fluids. Renal dieticians are available in 
many kidney clinics and the US dialysis centers to help with 
frequent education and recommendations about diet.

 Kidney Transplant Evaluation

 Indications

Kidney transplant is an elective procedure and it is not with-
out risks; nonetheless, it is the treatment of choice for stage 
5 CKD/ESRD [20, 36]. Compared to dialysis, kidney trans-
plantation improves quantity and quality of life. Unlike other 
solid organ transplants where the sickest patients get trans-
planted first, priority for kidney transplants is largely based 
on the waiting time and sensitization status.

Patients can receive transplants from a living donor or a 
deceased donor. The average waiting time for deceased 
donor kidney transplantation in the United States depends on 
geography, blood type, and sensitization status and ranges 
from 3 to 10 years, thus transplantation from an eligible liv-
ing donor represents a much faster path [37]. Given the 
impact of dialysis vintage (i.e., length of time on dialysis) on 
outcomes, this is an important consideration. In December 
2014, the United Network for Organ Sharing (UNOS) imple-
mented a new kidney allocation system to improve equity 
and fairness for disadvantaged groups: highly sensitized 
patients, ethnic minorities, blood group B patients, and 
patients who experience late referral [38].

 Timing of Referral

Patients with CKD are eligible for kidney transplant listing 
if they are on dialysis or if their eGFR is 20 ml/min/1.73 m2 
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or less [38]. At this eGFR, patients are generally 
 asymptomatic, and many do not develop symptoms that 
would require  dialysis until eGFR falls below 12–15 mL/
min/1.73m2. The optimum timing for kidney transplant in 
patients who are not yet in ESRD is not defined. The goal is 
to wait for as long as possible such that the timing occurs 
right before uremic symptoms and complications develop. 
There is no survival (patient or graft) benefit to transplanta-
tion well in advance of the need for dialysis. The new kid-
ney allocation system allows for backdating wait time to 
the dialysis start date [38]. This mitigates the disadvantage 
to patients who qualified for kidney transplantation but 
were referred late. A patient who had been on dialysis for 
5  years at the time of referral would automatically get 
5 years of waiting time.

 Medical Evaluation

A comprehensive medical history, physical examination, 
laboratory and diagnostic studies (see Table 5.3), and psy-
chosocial assessment are crucial in evaluating patients for 
kidney transplantation [39, 40]. The goal of the evaluation 
process is to detect conditions or disease that would make 
patients ineligible for transplantation. There are few abso-
lute contraindications to kidney transplantation and these 
are represented in Table 5.4. In areas of the country where 
the waiting time is long, it is reasonable to undergo a lim-
ited workup to see if patients can be listed in their current 
state and defer the more extensive workup until the patient 
is closer to transplantation. In areas of the country with 
long waiting times, yearly updates and follow-up clinic vis-
its closer to the time of transplant is often needed to ensure 
patients remain medically and psychosocially suitable for 
transplantation.

 Factors to Consider During the Evaluation 
Process

 Age
There is no age limit for kidney transplantation; however, in 
general, patients over the age of 65–70 should be “well other-
wise” (i.e., wow), with well-managed comorbidities. The 
benefits of transplantation should outweigh the risk of sur-
gery, anesthesia, and chronic immunosuppression. With 
appropriate patient selection, those over the age of 70 do well 
with good long-term graft outcomes. Older patients or those 
with an expected post-transplant survival of around 5 years or 
more can be good candidates for deceased donor kidneys 
with a kidney donor profile index (KDPI) of 85% or higher, 
which can achieve satisfactory graft outcomes [41]. The 
KDPI is composed of ten donor factors (age, diabetes, hyper-
tension, race/ethnicity, height, weight, creatinine, cause of 
death, donation after cardiac death (DCD) status, and hepati-
tis C status) and is a marker of organ quality. A KDPI of 85% 
percent has 85% higher expected risk of allograft failure com-
pared to all kidney donors from the prior year. The estimated 
post-transplant survival is a score composed of four factors 
(diabetes, hypertension, prior transplant, dialysis vintage). 
Lower estimated post-transplant survival (EPTS) scores 
translate to higher post-transplant survival. Patients with 
scores of 20% or less primarily receive offers from KDPI kid-
neys of 20% or less. The KDPI and EPTS scores are used in 
the organ allocation system to help improve longevity match-
ing, i.e., kidneys with the longest chance of survival go to the 
patient with the longest life expectancy [38].

Considering expected post-transplant survival in the eval-
uation process helps with counseling patients regarding stay-
ing on dialysis versus moving toward transplantation. 
Patients should be expected to survive longer than the half- 
life of a transplanted kidney. For older patients, it is also 
important to consider that the risk of death rises in the imme-
diate postoperative period and is higher than in patients who 
are waitlisted for transplant. It takes about 3.5 years for the 

Table 5.3 Comprehensive workup for kidney transplantation. Limited 
life expectancy minimizes the potential benefit of transplantation

Blood type, complete blood count, comprehensive metabolic panel, 
coagulation studies
Infectious serologies: HIV, RPR, hepatitis B and C, varicella, EBV, 
CMV, gold quantiferon, and endemic fungi (e.g 
coccidioidomycosis, cryptococcus, and histoplasmosis) in 
applicable regions
Anti-A isoagglutinin titers should be measured in blood type B 
candidates who are willing to accept a kidney from an A2 or A2B 
donor
Chest X-ray
Cardiac screening with EKG, stress testing (pharmacologic 
echocardiography), myocardium perfusion scan or coronary 
angiogram as determined based on age and comorbid conditions
Age appropriate cancer screening as recommended by the USPSTF 
and cancer societies for the general population
Other testing determined based on clinical history, e.g., random 
drug screen in patients with a history of substance abuse

Table 5.4 Absolute contraindications to kidney transplantation

Active ischemic heart disease or severe cardiomyopathy
Severe peripheral vascular disease involving iliofemoral vessels
Active infection
Recent history of cancer other than non-melanoma skin cancers and 
carcinoma in-situ
Cirrhosis or advanced liver fibrosis (unless liver transplant 
candidate)
Primary oxalosis (unless liver transplant candidate)
Active psychosis
Active substance abuse or dependence
Incorrigible noncompliance
Body mass index (BMI) > 40
Lack of adequate social/caregiver support
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mortality rate to drop below that of patients who remain on 
the waiting list [42]. Older patients may have acceptable 
quality of life on dialysis and may not experience a survival 
benefit with transplantation [43].

 Cardiovascular Disease
The burden of cardiovascular disease is high in CKD 
patients [44, 45]. Noninvasive cardiac testing has limited 
utility in patients with CKD who have diabetes. Noninvasive 
testing (e.g., stress echocardiogram) is permissible in 
asymptomatic low-risk patients; however, higher-risk 
patients (i.e., those with diabetic nephropathy or long-stand-
ing diabetes, over the age of 50, with risk factors for coro-
nary artery disease such as smoking, hypertension, 
hyperlipidemia, family history, or heart failure with reduced 
ejection fraction) should undergo coronary angiogram 
[46–48].

 Cerebrovascular Disease
There is an increased risk of ischemic stroke in CKD after 
kidney transplantation [49]. Patients with history of isch-
emic stroke should undergo screening for carotid stenosis 
and repair. Patients with risk factors for stroke (e.g., hyper-
tension, smoking, hyperlipidemia, transient ischemic 
attacks) or carotid artery bruits on physical examination 
should be evaluated. Patients with autosomal dominant 
polycystic kidney disease who have a family history of 
strokes, cerebral aneurysms, or chronic headaches should 
undergo screening to assess for cerebral aneurysms, and 
those who meet the size criteria should be repaired prior to 
kidney transplantation [50].

 Peripheral Vascular Disease
The vascular physical examination is a crucial part of the 
kidney transplant evaluation. Kidney transplantation can be 
technically impossible in patients with severe vascular cal-
cifications involving the iliofemoral system. Bilateral fem-
oral and pedal pulses should be palpated. Patients with 
reduced or non-palpable pulses should have imaging to 
assess their vasculature (e.g., Doppler studies or non-con-
trast computed tomography (CT) of the abdomen/pelvis). 
Patients with severe distal stenosis are at risk for steal syn-
drome (i.e., shunting of blood flow leading to reduced dis-
tal perfusion) with a transplant and can risk limb loss, ulcer 
development, and/or poor wound healing. Patients with 
claudication symptoms should undergo evaluation and 
repair of flow-limiting stenosis.

 Malignancy
All patients should undergo age-appropriate cancer screen-
ing as recommended by the United States Preventative 
Services Task Force (USPSTF) and professional cancer soci-
eties. Immunosuppression increases the risk for cancers in 

kidney transplant patients. Patients who have been treated 
for certain malignancies and remain disease-free for 
2–5 years (depending on the type of cancer) may proceed to 
kidney transplantation (see Table 5.5) [51, 52].

 Hematologic Disease
Patients with a history of recurrent miscarriage, arterial/
venous thrombosis, hemodialysis graft or fistula thrombosis, 
lupus, or a prior history of unexplained kidney allograft 
thrombosis should undergo a hypercoagulable workup [20, 
37]. Hematology referral may be needed to assess thrombo-
sis risk prior to transplantation. In addition, patients with 
monoclonal gammopathies or history of paraproteinemias 
may require hematology evaluation and recommendations 
regarding risk.

 Obesity
Centers vary on their body mass index (BMI) cutoff point at 
which patients are required to lose weight prior to transplanta-
tion. Many centers consider a BMI over 35 kg/m2 as an abso-
lute contraindication to transplantation [20]. Obese patients 
are at increased risk for delayed graft function (defined as the 
need for dialysis in the first week of transplant), poor wound 
healing, and infections. Obesity is not associated with kidney 
transplant rejection, graft loss, or death.

Table 5.5 Cancer waiting period

Renal cell cancer
  Symptomatic < 5 cm 2 years
   ≥ 5 cm or invasive 5 years
  Incidental (< 5 cm) None
Wilms’ tumor 2 years
Bladder
  In situ or noninvasive papillomas None
 Invasive Inadequate evidence
Cervix
  In situ None
  Invasive 2–5 years
Uterus 2 years
Testis 2 years
Thyroid 2 years
Kaposi’s and other sarcomas 2 years
Breast 2–5 years
Colorectal 2–5 years
Prostate 2 years
Liver Contraindicated
Myeloma Contraindicated
Lymphoma 2 years
Leukemia 2 years
Melanoma 5 years
  In situ 2 years
Non-melanoma skin cancer None
Lung 5 years

Adapted from Kasiske et al. [40] and Pham et al [36]
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 Gastrointestinal Disease
Having recent gastrointestinal malignancy or cirrhosis that is 
not eligible for liver transplant are absolute contraindications 
to kidney transplant. Patients with evidence of advanced 
liver disease or cirrhosis should be referred to hepatology for 
liver transplant evaluation. For advanced stages of liver dis-
ease, combined liver-kidney transplant may be an option. 
Gastrointestinal ulcers should be under control as they may 
worsen with induction therapy and high-dose corticoste-
roids. Perforated visicus is a rare but feared complication of 
ulcers. Patients with chronic nausea and vomiting should be 
evaluated as these symptoms can worsen and cause patients 
to be unable to comply with transplant medications which 
could lead to rejection and allograft loss. In patients with 
chronic diarrhea and ESRD, hyperoxaluria (excess loss of 
oxalate in the urine that leads to calcium oxalate stones and 
crystal deposits) should be considered as a cause for ESRD 
and ruled out. If this diagnosis is missed, it can lead to rapid 
loss of a kidney transplant [20, 36]. Primary oxalosis is 
treated with combined liver and kidney transplantation.

 Infection
Patients undergoing kidney transplant should be free of active 
infection before transplantation [20]. Patients with chronic 
viral infections like human immunodeficiency virus (HIV) 
may be transplanted if their disease is under good control. 
Transplants in patients with HIV should be done at centers 
with experience managing these patients. The new antiviral 
mediations for hepatitis C treatment yield excellent sustained 
viral clearance, making transplantation in this group permis-
sible. This also opens up a pool of hepatitis C donors for 
hepatitis C positive recipients. Patients with latent tuberculo-
sis should receive an adequate course of treatment (e.g., 
9  months of isoniazid) before or after transplantation. For 
patients who did not complete their course prior to transplant, 
it is permissible to proceed and complete the course after 
transplant. Patients with poor dentition should see a dentist 
for deep cleaning and extractions as indicated prior to trans-
plantation. Oral surgery in the early months post-transplant 
while immunosuppression is still intense is generally not 
advised. Although response to vaccination is poor in ESRD 
patients, live vaccines should be offered when indicated at 
this time, as they are contraindicated after transplantation.

 Frailty
The prevalence of frailty rises with increasing stages of CKD 
[53–55]. Frailty is associated with increased length of stay, 
delayed graft function, higher risk of readmission, and mor-
tality in kidney transplant patients [56–58]. Centers use vari-
ous batteries to assess for frailty (e.g., sit-stand test, walking 
speed, test, grip strength, Fried criteria, short physical per-
formance battery). Frail patients can undergo pre-transplant 
rehabilitation to improve outcomes post-transplant. Studies 

are being done to assess the impact of rehabilitation in kid-
ney transplant recipients on their post-transplant outcomes 
and survival.

 Psychosocial Evaluation
Potential kidney transplant recipients must be motivated to 
have a transplant. They should be able to understand the risks 
and benefits of the transplantation and chronic immunosup-
pression and be able to make an informed decision. Mental 
health professionals (i.e., social workers, psychiatrists, psy-
chologists) play a crucial role in the evaluation of potential 
kidney transplant recipients. The goals of the psychosocial 
evaluation are to determine behavioral, social, and financial 
barriers to transplantation. This assessment elicits behaviors 
that may be risk factors for medical nonadherence after 
transplant. Social workers contact dialysis units to determine 
patients’ adherence with their dialysis appointments and 
treatments. Many centers insist on absolute adherence with 
outpatient dialysis regimens in order to consider patients for 
transplantation. Patient’s psychiatric or cognitive disease 
may require neuropsychiatric assessment and a referral to 
transplant psychiatry.

Patients who have low literacy concerns or difficulty 
understanding their medications are referred to pre- transplant 
education. Transplant centers require that one or two able 
adults serve as a caregiver(s) in the post-transplant phase. 
Caregivers help with medication reminders, transportation to 
appointments, and supervising the patient at home. Patients 
cannot name their proposed living donor (e.g., a spouse, 
child, or parent) as a caregiver.

Patients with alcohol or substance abuse may be required 
to undergo treatment rehabilitation and pass random alcohol 
and drug screening. Patients with diabetes, peripheral vascu-
lar disease, or other risk factors for cardiovascular disease are 
required to stop smoking to be eligible for transplantation.

Patients require adequate insurance for transplantation. 
ESRD patients qualify for Medicare based on the disease 
alone; however, coverage for prescriptions expires 3  years 
after transplant if the patient does not qualify for Medicare 
by age. Three years represents a crucial time in the field of 
kidney transplantation as patients who lose prescription cov-
erage risk rejection and subsequent allograft loss. Many 
patients with ESRD are on disability. Kidney transplantation 
should improve quality of life to an extent of enabling 
patients to return to the workforce, if the patient desires. 
Patients who return to the workforce may gain insurance 
coverage with their employer.

 Surgical Evaluation
As patients get closer to the top of the list, they may be seen 
by surgeons to ensure the transplant is technically feasible. 
Concerning factors from the initial evaluation include known 
peripheral vascular disease, symptoms of claudication, 
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 history of amputation, and abnormal femoral and distal 
extremity pulses. These should prompt imaging of the ilio-
femoral system with a non-contrast CT scan evaluating for 
vascular calcification or ultrasound imaging evaluating for 
flow- limiting stenosis. Severe calcification of the iliofemoral 
system could make surgery technically infeasible.

 Living Donation

About one third of kidney transplants in the United States 
come from living donors [59, 60]. The living donation rate 
has declined in recent years. Patients who receive living 
donors generally have immediate allograft function and a 
longer median survival of approximately 15 years compared 
to 10  years with deceased donors [59, 60]. Living donors 
must have a completely separate living donor advocate. 
Living donors should also undergo extensive medical, surgi-
cal, and psychosocial evaluation prior to living kidney dona-
tion [59, 60] (see Chap. 4 for more details).

 Conclusions
CKD is an important cause of morbidity and the ninth 
leading cause of mortality in the United States. Diabetes 
and hypertension remain the most common causes of 
CKD in developed countries. Complications of advanced 
stages of CKD include anemia, chronic metabolic acido-
sis, electrolyte imbalances, volume overload, hyperten-
sion, and mineral bone disease. Kidney transplantation is 
the treatment of choice for patients with Stage 5 CKD and 
ESRD and leads to better health and cost-effective out-
comes compared to dialysis. Nonetheless, kidney trans-
plantation is an elective procedure with both short- and 
long-term risks and complications. The evaluation pro-
cess requires the efforts of a multidisciplinary team to 
ensure appropriate candidate selection.
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Life instrument
3MS Modified Mini-Mental State 

Examination

 Introduction

Psychiatrists are often asked to evaluate and treat psychiatric 
presentations during the course of chronic kidney disease 
(CKD). Due to a significant overlap between CKD and psy-
chiatric presentations and between renal diseases in general 
and psychiatry, a new subspecialty has emerged over the past 
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decade. Psychonephrology is the field of psychosomatic 
medicine with focus on the psychiatric and psychological 
problems of patients with CKD, including patients on renal 
replacement therapy (RRT) [1, 2].

This chapter summarizes current knowledge related to the 
diagnosis, epidemiology, etiology, and management of 
psychiatric illness in patients with CKD prior to 
transplantation, as resulting from systematic reviews, pivotal 
trials, and pharmacological databases.

 Disease Mechanisms in Psychonephrology

The association between CKD and psychiatric presentations 
can occur in different sequences: patients with chronic psy-
chiatric illness can develop CKD or a patient with CKD may 
present with new onset psychiatric symptoms.

Patients with chronic psychiatric illnesses are at higher 
risk of developing CKD; for instance, patients with schizo-
phrenia have a 25% increase in the risk of developing CKD 
compared to controls [3]. Several factors associated with 
chronic mental illness may mediate this risk, including direct 
toxicity of ingested substances (psychiatric medications, sub-
stances of abuse, misuse of medications such as Nonsteroidal 
anti-inflammatory drugs (NSAIDs)), and uncontrolled psy-
chiatric illness leading to nonadherence with medical treat-
ment for diabetes or hypertension and, indirectly, to CKD.

 Psychiatric Medications and Nephrotoxicity

Among psychotropic medications, lithium is the most known 
agent linked to significant risk of developing kidney damage. 
A recent systematic review and meta-analysis of the lithium 
toxicity profile suggests that the risk of lithium-induced renal 
failure is small (0.5% of patients received RRT) [4]. A recent 
report of 630 patients who received lithium for more than 
10 years showed that 32% of the patients had an estimated 
glomerular filtration rate (eGFR) below 60  mL/min per 
1.73 m2 and 5% of the patients developed stage 4 or 5 CKD 
[5]. Serum lithium level is routinely monitored in psychiatric 
treatment due to the medication narrow therapeutic index; 
however, some studies have questioned the importance of the 
serum lithium level in developing CKD [6]. Nephrogenic 
diabetes insipidus is present in 12% of lithium-treated 
patients [7]. Discontinuing lithium can lead to normalization 
of GFR, but kidney damage is irreversible in some patients.

 Association Between Drugs of Abuse 
and Chronic Kidney Disease

A histological kidney analysis from 153 cases of deaths due 
to drug toxicology showed that glomerular pathology was 

associated with a history of alcohol abuse, while use of 
benzodiazepines was associated with vascular changes in 
the kidneys. Acetaminophen and cannabis use were associ-
ated with tubular damage, raising concerns for long-term 
use of these substances for pain [8]. Another postmortem 
analysis of over 5000 deaths in patients with history of drug 
use showed that severe intravenous drug use (IVDU) was 
associated with interstitial inflammation and renal calcifi-
cation, whereas cocaine abuse was associated with hyper-
tensive and ischemic damage. Cocaine is a well-known 
offender, contributing to kidney disease via hypertension; 
its use is detrimental in hepatitis C co-infected patients, 
leading to rapid onset of chronic renal impairment [9, 10]. 
Synthetic cannabinoids were also associated with acute 
kidney injury in case series [11]. Kidney disease can be the 
direct effect of drug use, such as opioids [12]. An analysis 
of renal biopsy results of 19 heroin users positive with hep-
atitis C showed 13 (68.4%) had membranoproliferative glo-
merulonephritis (MPGN), 2 had chronic interstitial 
nephritis, 2 had acute glomerulonephritis (GN), 1 had amy-
loidosis, and 1 had a combination of nephritis with GN 
[13]. Acute kidney injury has also been described in rela-
tion with energy drinks [14].

 Neuropsychiatric Presentations in Patients 
with CKD

Causes for new onset neuropsychiatric presentations in patients 
with CKD include metabolic abnormalities, immune response, 
and vascular changes. Metabolic changes contributing to 
psychiatric presentations in CKD include hyponatremia [15], 
uremia [16], and higher homocysteine levels [17]. A study 
comparing cerebral glucose metabolism in patients with CKD 
pre-dialysis with healthy controls (21 each group) showed that 
pre-dialytic patients with CKD had decreased cerebral glucose 
metabolism in several areas, including decreased glucose 
metabolism in the orbitofrontal complex, which correlated with 
higher depression measured by Hamilton Depression Scale 
[18]. In vitro studies of asymmetric dimethylarginine (ADMA) 
and brain-derived neurotropic factor (BDNF) in CKD 
demonstrated that an increase of ADMA and decrease of BDNF 
correlated with depressive behavior [19]. Vascular alterations 
are considered to contribute to posterior reversible 
encephalopathy [20]. The role of the immune system in mental 
health presentations in CKD is also being investigated; however, 
the association between depression and interleukin (IL) levels in 
CKD is still uncertain [21].

 Psychosocial Factors

As many kidney diseases are chronic conditions, patients 
often have to cope with the associated psychosocial 
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stressors such as insurance eligibility in the United States 
[22] or lack of dialysis availability [23]. These factors 
can lead to significant psychological distress, impaired 
quality of life (QOL), impaired relationships, and adjust-
ment disorders.

 Epidemiology of Mental Health Problems 
in Chronic Kidney Disease

A significant body of evidence suggests a high prevalence 
of psychiatric concerns in patients with CKD.  Table  6.1 
Summarizes the most important studies investigating the 
prevalence of anxiety, depression, substance abuse, sleep 
disorders, and sexual dysfunctions. This literature consists 
mostly of cross-sectional studies without a control group, 
with most of the subjects belonging to the convenience 
samples, not always clearly representative of the popula-
tion studied. The measures used have not always been vali-
dated in this population and do not always equal a diagnosis 
of psychiatric illness. In addition, many of the quality of 
life studies measure complaints or symptoms as opposed to 
psychiatric disorders. Studies rarely control for other medi-
cal conditions which are themselves associated with an 
increased risk of psychiatric comorbidities; therefore, it 
cannot be ascertained if the psychiatric symptoms are 
driven by the kidney disease or by its frequent medical 
comorbidities, such as diabetes and coronary artery 
disease.

 Depression

 Screening and Evaluation
Over the past 30 years, tens of studies have described and/or 
measured depression in patients with CKD. The definitions 
and measurements of depression have significantly varied in 
this context: from psychological distress measures reported 
on QOL scales, to qualitative measures of depression with-
out a threshold for clinical significance. Even when struc-
tured instruments are used, only a few have been validated in 
this population (Table 6.2).

 Prevalence of Depression in CKD
Depression is the most common psychiatric disorder 
among patients with CKD [29]. The prevalence of depres-
sive disorders varies between 6.8% [30] and 47.1% [31]. 
When the Diagnostic and Statistical Manual of Mental 
Disorders, 4th Edition (DSM IV) criteria were applied, 
40% of hemodialysis (HD) patients met criteria for a 
depressive disorder at some point in their life: MDD, 
19.6%; dysthymic disorder, 9.8%; and depressive disorder 
not otherwise specified (NOS), 2.8% [28]. A study of CKD 
patients that used Structured Clinical Interview for DSM 

Disorders (SCID) for evaluation showed a prevalence of 
MDD of 27.9%, similar in men and women [32]. Eighty- 
five percent of patients who initially screened positive for 
depression were eventually diagnosed with a depressive 
disorder after the clinical evaluation [33].

Suicide is significantly elevated in dialysis patients and is 
discussed in detail in Chap. 7.

 Risk Factors for Depression in CKD
Multiple studies have analyzed the risk factors contribut-
ing to the emergence of depression in patients with 
CKD. With very few longitudinal studies available, these 
risk factors are mostly associations found in cross-sectional 
studies.

Demographic factors such as female gender or being 
older are considered to increase the risk to develop depres-
sion [34]. Not all studies confirmed the role of these demo-
graphic factors; one cross-sectional study of 140 patients 
with CKD in various stages showed that age, gender, 
income, employment status, and education were not associ-
ated with depression [32]. Early studies showed significant 
variation in the prevalence of depression in CKD by geo-
graphic region, with a 2% prevalence in Japan and 21.7% in 
the United States [35]. It was considered that these differ-
ences were mostly due to a variation in how depression was 
diagnosed or screened and they have not been yet 
replicated.

Among the potential biological risk factors, lower 
albumin and lower indoxyl sulfate [36], lower phospho-
rus, and high levels of CRP [37] have been associated 
with increased prevalence of depressive symptoms in this 
population.

The number of comorbid medical conditions [38] and 
especially the presence of diabetes mellitus (DM) increase 
the risk of depression in patients with CKD [37]. Although 
the risk of depression is not always linked with the general 
severity of somatic illness in CKD [39], recent findings sug-
gest that patients with CKD stage 3 and above are more 
likely to develop depression [40].

Several studies have supported the notion that compared 
with pre-dialysis CKD patients, patients on HD have a higher 
risk for depression, since their kidney disease is more 
advanced and they have to face the psychosocial hurdles of 
their treatments [41–43].

Psychological factors linked to increased risk of depres-
sion in CKD include less religiosity [44], lower level of hope 
[45], and external locus of control [46, 47]. HADS-total 
score is associated with the use of denial as a psychological 
defense mechanism, and positively correlated with difficul-
ties in identifying and expressing emotions, and with the 
intensity of subjective somatic complaints [39]. Additional 
risk factors for depression in CKD include the presence of 
pain [48], decreased sexual functioning [49], and lack of 
aerobic activity [50].
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Table 6.1 Prevalence of psychiatric disorders in chronic kidney disease

Author Year
Type of 
study Population N

Control 
(N) Instruments Findings (prevalence) Findings (risk factors)

Adamczak 
et al.

2012 CS CKD HD 697 BDI Depression 38.6% Age (older), central catheter, 
higher serum CPR, coronary 
artery disease, history of 
myocardial infarction, stroke, or 
COPD

Al Zaben et al. 2014 CS HD 310 SCID-D
HDRS

Depressive disorders 
6.8%, major depression 
3.2%, minor depression 
3.6%, significant 
depressive symptoms 
24.2%

Saudi nationality, marital status, 
stressful life events, poor physical 
functioning, cognitive 
impairment, overall severity of 
medical illness, and history of 
family psychiatric problems

Al Zaben et al. 2015 P HD 39 SCID-D
HDRS

20/39 patients with major 
or minor depressive 
disorder

Eight (40%) fully remitted by 
6 weeks and an additional three 
patients remitted over the next 
6 weeks, leaving 45% with 
significant depressive symptoms 
persisting beyond 12 weeks

Aribi et al. 2015 CS HD 50 HADS
KDQoL

86.48% sexual 
dysfunction, 26% 
sexually inactive, 62% 
had decrease of sexual 
activity

Positively correlated with 
age > 55 years, personal medical 
history, some nephropathy data, 
HD period greater than or equal 
to 1 year, depression, anxiety, and 
impaired quality of life

Azegbeobor 
et al.

2015 CS CKD 160 160 
general 
medical 
clinic

MINI
WHODAS 2

Depression prevalence 
17.5% (4.4% in control 
groups)

Depression was a predictor for 
disability

Baykan et al. 2012 CS CAPD and 
HD

41 
CAPD, 
42 HD

SCID I
HADS
SF-36
COPE

Psychiatric disorder:
59.5% in HD group,
53.7% in CAPD group,
26.8% among controls

In all three groups, the most 
common psychiatric disorder was 
depressive disorder

Billington 
et al.

2008 CS HD 193 THS
SOS
MHLC
HADS

Anxiety 39 (38%), 
depression 40 (39%)

Hope emerged as an independent 
significant predictor in five of the 
multiple regressions: anxiety, 
depression, effects and symptoms 
of kidney disease, and mental 
health quality of life

Cantekin et al. 2014 CS pre-HD 120 HADS Depression 35%, 
anxiety 53.4%

Chen et al. 2010 CS HD 200 MINI
HADS
CFS

Depression 70 (35.0%); 
43 (21.5%) had had 
suicidal ideation in the 
previous month

Low body mass index (BMI), 
number of comorbid physical 
illnesses, greater levels of fatigue 
and anxiety, more common 
suicidal ideation, poorer quality 
of life

Chiang et al. 2013 CS CKD 270 TDQ Depression 22.6% Sleep disturbances, lack of 
religious beliefs, no regular 
exercise regimen, CKD stage 3 or 
above

Cukor et al. 2008 CS HD 70 HADS
SCID I

Any axis I diagnosis 71%, 
anxiety disorder 45.7%, 
mood disorder 40%

Anxiety disorder associated with 
worsened QOL

de Barros et al. 2011 CS PKD and 
GN

52 GN, 
38 PKD

STAI
BDI
SF-36

Depression 34.6% of 
familial GN, depression 
60.5% of PKD

De Vecchi 
et al.

2000 CS PD and 
HD

84 PD, 
87 HD

Self- 
administered 
questionnaire

Problems sleeping: 49% 
of PD and 65% of HD

Donia et al. 2015 CS HD 76 BDI II, SF-36 Depression 76.3%, 
32.9% of total-severe 
depression
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Table 6.1 (continued)

Author Year
Type of 
study Population N

Control 
(N) Instruments Findings (prevalence) Findings (risk factors)

Esen et al. 2015 Cs Pre-HD 53 FSFI
IEFF
SF-36
BDI

Sexual dysfunction: Male 
46%, Females 51%

No gender differences

Feng et al. 2013 P CKD 3 
and 4

362 GDS
SF-12

Depression 13% at 
baseline

Baseline cognitive impairment, 
functional disability, and other 
chronic illnesses were 
significantly associated with both 
increasing GDS scores and 
depressive symptoms

Ferreira et al. 2016 CS OL-HDF 114 GDS Depression 28.9% Depression associated with low 
social support and decreased 
muscular mass and creatinine 
serum levels

Garcia et al. 2010 CS HD male 47 HADRS Depression 68.1% List of symptoms and problems 
(rs = −0.399; p = 0.005), quality 
of social interaction (rs = −0.433; 
p = 0.002), and quality of sleep 
(rs = −0.585; p < 0.001)

Gonzalez-De- 
Jesus

2011 CS CKD 75 HADS
SCLE 90

Depressive symptoms 
25.3%, anxiety 
symptoms 30.7%

Knowles et al. 2014 CS CKD 80 HADS
COPE
HPS

Moderate or severe 
anxiety 16.3%, moderate 
depression 7.5%

Perception of an illness rather 
than the actual symptoms 
themselves best account for 
adaption to CKD

Kokoszka 
et al.

2016 CS HD 107 M.I.N.I.
BDI
AIS

Depressive disorders 
78.5%, MDD 29%,
dysthymia 28%, an 
episode of depression 
with melancholic 
features 21.5%.
Patients met no criteria 
for a mental disorder 
21.5%

Lee J. et al. 2013 CS CKD 280 HADS, 
WHOQOL- 
BREF

Depression 47.1%, 
anxiety 27.6%

Prevalence of depression/anxiety 
did not differ across CKD stages; 
depression correlated positively 
with age, employment, income, 
education, comorbidity index, 
hemoglobin level, albumin 
concentration, and anxiety score 
and negatively with all 
WHOQOL-BREF domain scores;  
Anxiety correlated significantly 
with QOL, but not with 
socioeconomic factors

Li et al. 2014 CS CAPD 42 PSQI
Restless legs 
syndrome 
criteria
HADRS

Sleep disorders 47.6% Lower albumin, depression

Mauri et al. 2016 CS ESRD or 
severe 
IDDM 
(awaiting 
kidney/
pancreas 
txp)

227 IDDM SCID I and II
MOODS-SR 
PAS-SR

Current axis I disorders 
13.2%, agoraphobia 
4.8%, major depressive 
episode 4.0%

No difference in the distribution 
of axis I disorders between the 
two groups (ESRD and IDDM)

(continued)
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Table 6.1 (continued)

Author Year
Type of 
study Population N

Control 
(N) Instruments Findings (prevalence) Findings (risk factors)

McKercher 
et al.

2013 P CKD 49 PHQ 9
BAI
MSPSS
3MS

MDD 10%, anxiety 9%

Novick et al. 2016 P CKD 2286 Interview 15% opioid use,  
22% cocaine use

Peng et al. 2013 CS CKD 57 SF-36
HARS
HADRS

Depression 38.6%, 
anxiety 54.4%

Perales et al. 2016 CS HD 52 SF-36
HADS
ESS-r

Anxiety 36.5%, 
depression 27%

Saeed et al. 2012 CS HD 180 BDI Depression 75% Married, unemployed
Saglimbene
et al.

2016 CS HD 659 FSFI Either no sexual activity 
or high sexual 
dysfunction in all 
measured domains 
(orgasm 75.1%, arousal 
64.0%, lubrication 
63.3%, pain 60.7%, 
satisfaction 60.1%, 
sexual desire 58.0%)

Age, depression, previous cardiac 
event higher scores; being on 
transplant-protective

Sanchez- 
Roman et al.

2011 CS CKD 120 41 HADS 
NEUROPSI 
Attention and 
Memory

Cognitive impairment 
23%

Anemia a risk factor
Stage 5 the worse

Silva et al. 2014 CS CKD on 
transplant 
wait-list

50 BAI
Lipp Stress 
Symptoms 
for Adults 
Inventory

Anxiety 56% Stress associated with longer wait 
time and less education

Simms et al. 2016 CS PKD not 
on HD or 
transplant

349 KDQoL
PHQ9
MSPSS

Depression 22% Female gender was associated 
with overall poorer psychosocial 
well-being, whereas increasing 
age, lower kidney function, larger 
kidneys, and loss of a first-degree 
relative from ADPKD were 
additional risk factors for QOL, 
depression or psychosocial risk

Spoto et al. 2015 CS HD and 
PD

128 HD, 
27 PD

BDI, HADS HD group: depression 
22.5% on BDI, 9.3% on 
HADS; anxiety 25.7% on 
BDI, 14% on HADS for 
PD, depression 29.6% 
BDI, 14.8% HADS; 
anxiety 11.1% BDI, no 
anxiety on HADS

No differences in anxiety/
depression between PD and HD

Sumanathissa 
et al.

2011 CS CKD 140 SCID MDD 27.9%:
Males 27% (95% CI 
17.6–36.3),  
Females 29.4%  
(95% CI 16.5–42.4)

Age, gender, income, employment 
status, and education were not 
associated with depression. The 
only significant variable 
associated with depression was 
patient’s understanding of 
prognosis

Van Zwieten 
et al.

2016 CS HD; 
median 
age 70

538 DSM V 
criteria

Major neurocognitive 
disorder 52.4%, minor 
neurocognitive disorder 
17.3%
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Table 6.1 (continued)

Author Year
Type of 
study Population N

Control 
(N) Instruments Findings (prevalence) Findings (risk factors)

Vazquez- 
Martinez et al.

2016 CS HD 40 40 HADS Depression 27.7% Risk factors: literate, being a 
housewife, big family, HD more 
than 5 years but not statistically 
significant

Vikhram et al. 2012 CS HD 130 MINI 40% had a psych disease, 
moderate depressive 
episode 13.1%, hx of 
alcohol use disorder 
31.5%

Zaben et al. 2014 CS HD 310 SCID-D, 
HDRS

Depressive disorder 
6.8%, MDD 3.2%, minor 
depression 3.6%, 
significant depressive 
symptoms 24.2%

Saudi nationality, marital status, 
stressful life events, poor physical 
functioning, cognitive 
impairment, overall severity of 
medical illness, and history of 
family psychiatric problems

Wuerth et al. 2005 CS PD 380 BDI Depression 45% Out of positive screen, 85% were 
clinically diagnosed with MDD

Table 6.2 Validated measures for depression and anxiety in patients with CKD

Scale Cutoff Validity Author
Beck Depression Inventory (BDI) 11 Sensitivity 89%

Specificity 88%
[24]

16 Sensitivity 91%
Specificity 59%
Positive predictive value (PPV) 59%
Negative predictive value (NPV) 71%

[25]

16-item Quick Inventory of Depressive 
Symptomatology- Self Report

10 Sensitivity 91%
Specificity 88%

[24]

8 Sensitivity 96%
Specificity 79%

[26]

Center for Epidemiologic Studies Depression Scale 
(CES-D)

18 Sensitivity 69%
Specificity 83%
PPV 60%
NPV 88%

[27]

Patient Health Questionnaire 9 (PHQ 9) 10 Sensitivity 92%
Specificity 92%
PPV 71%
NPV 98%

[25]

Hospital Anxiety and Depression Scale (HADS) N/A The anxiety score did not correlate with presence of anxiety 
disorder on SCID

[28]

 Anxiety Disorders

 Prevalence of Anxiety Disorders in CKD
The prevalence of anxiety in patients with CKD is reported 
to range between 16.3% [51] and 54.4% [52], higher than in 
general population [53] (Table  6.1). As with depression, 
most of the measures used to assess anxiety have not been 
validated for CKD population (such as Beck Anxiety 
Inventory (BAI) or State Trait Anxiety Inventory (STAI)) or 
have been shown to have poor validity. For instance, com-
pared to SCID, HADS was found to be a poor predictor for 
an anxiety disorder in HD patients [28], although sensitivity 

might be better with a lower cutoff of 6 for HADS as com-
pared to 8 or 11 [54]. Most of patients with CKD report some 
degree of anxiety associated with the illness, starting dialy-
sis, or the dialysis treatments themselves. A recent study of 
patients with ESRD awaiting kidney transplant that used 
SCID I and II found that agoraphobia was the most common 
axis I diagnosis (4.8%) [55].

 Risk Factors for Anxiety in CKD
Anxiety is more likely to occur in patients with chronic pain 
[48, 56]), decreased sexual functioning [49], lower level of 
hope [45], and higher level of IL-6 production [57].

6 Mental Health in Chronic and End-Stage Renal Disease



80

 Cognitive Impairment

The presence of cognitive impairment in patients with CKD 
has been documented in multiple studies. It is worth noting 
that many of these studies do not address significant con-
founders such as cardiovascular risk factors or mood disor-
ders [58].

 Screening and Assessment
Montreal Cognitive Assessment (MOCA) and Mini-Mental 
State Examination (MMSE) are widely used screening tests 
of cognition. In clinical practice, results on these screening 
tests in association with the clinical evaluation typically lead 
to the diagnosis of a cognitive disorder. More detailed neuro-
psychological testing is done when there are discrepancies 
between the subjective and objective findings, or to plan addi-
tional services (e.g., supportive services, surrogate decision 
maker, or neuropsychological rehabilitation). Some of the 
most used instruments to assess cognition in CKD include: 
California Verbal Learning Test–Second Edition (CVLTII), 
Delis-Kaplan Executive Function System (D-KEFS) [59], 
Consortium to establish a registry for Altzheimer’s Disease 
Neuropsychological Assessment Battery, lexical fluency, 
digit span test, 64 card Wisconsin Cared Sorting Test [60], 
NEUROPSY Attention and Memory [61], Rey Auditory–
Verbal Learning Test, and Trail making Test [62].

 Prevalence of Cognitive Impairment in CKD
In one study, 23% of CKD patients had cognitive impair-
ment when measured with the NEUROPSI Attention and 
Memory battery [61]. Women with moderate CKD had 
worse delayed recall and backward digit span [62]. The 
INVADE study (Project on Cerbrovascular Diseases and 
Dementia) showed that 10.8% of patients with CKD had 
cognitive impairment; in addition, 6.2% developed new 
onset cognitive impairment in 2  years [63]. The BRINK 
study (Brain in Kidney disease) showed that patients with 
CKD had worse cognitive function than controls on MMSE, 
Hopkins Verbal Learning Test- Revised, Digit Span and 
Symbol-Digit-Modality Test [64].

Risk factors for cognitive impairment in CKD include 
high serum creatinine [62], anemia, hypertension, diabetes, 
somnolence, cardiovascular risk factors [61], HD treatment 
(versus peritoneal dialysis (PD)), 24-hour urine volume, sys-
tolic blood pressure, GFR, weight, time in dialysis [61], win-
ter time [65], moderate to severe CKD [60], frailty [66], 
albumin and prealbumin levels [67], and comorbid obstruc-
tive sleep apnea (OSA) [68].

 Sleep Disorders

The sleep architecture is significantly altered in patients 
with CKD and sleep disorders are common. Stages 1 and 2 

non- rapid eye movement (REM) sleep are increased, while 
REM sleep [69] and sleep efficiency are decreased [70]. 
Even in early CKD, general sleep disturbance is estimated 
to be present in 84.6% of patients [71].

 Screening and Assessment
Several sleep disorder screening questionnaires have been 
used in studies of CKD populations (e.g., Pittsburgh Sleep 
Quality Index, Epworth Sleepiness Scale, etc.), while the 
electroencephalography-based monitoring tests such as 
actigraphy (ambulatory monitoring) or polysomnography 
remain the gold standard for certain sleep disorder diagno-
ses. It is important to notice that sleep disorders have been 
found in CKD patients with no subjective complaints. A 
cost-effectiveness study done in Japan argues that even 
screening with a simple self-administered scale such as 
Epworth Sleepiness Scale is cost effective for patients with 
CKD [72].

 Prevalence of Sleep Disorders in Patients 
with CKD
Breathing-related sleep disorder, such as OSA, is estimated 
to be present in 54% of CKD patients not receiving dialysis 
[73] and in 20–54% of HD patients [74].

Dyssomnias such as restless legs syndrome (RLS) or peri-
odic limb movement syndrome (PLMS) have long been con-
sidered an expected finding in CKD.  RLS was present in 
3.5% of patients with CKD versus 1.5% of controls [75]. 
More recent studies demonstrated RLS in 17.5% of patients 
with CKD [76].

 Risk Factors for Sleep Disorders in CKD
There is contradictory information about whether sleep dis-
orders correlate with the stages of CKD or dialysis status. 
Some authors argue that sleep disorders tend to improve 
over time [77]. Other authors found that more advanced 
CKD correlates with more sleep disturbances: stage 4 CKD 
was associated with higher odds ratio for RLS in older hos-
pital patients [78]. Severity of sleep apnea correlated with a 
lower GFR [79]. In one study, PLMS prevalence increased 
with CKD stages, but this relationship was unclear for RLS 
[76]. Other risk factors for sleep disorders in CKD are low 
 albumin [80], low ferritin [78], depression, anxiety, male 
gender, and duration of CKD [81].

 Other Mental Health Presentations in CKD

 Fatigue
Often mistaken for depression, fatigue is a common finding 
in patients with CKD. A recent systematic review and meta- 
analysis found the prevalence of fatigue in CKD between 
42% and 89% [82]. Several structured measures are available 
to document fatigue: Functional Assessment of Chronic 
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Illness Therapy-Fatigue (FACIT-F), Piper Fatigue Scale 
(PFS), or Fatigue Severity Scale (FSS).

Fatigue was associated with elevated phosphate serum 
levels, creatinine, advanced age, albumin (nutritional sta-
tus), post-dialysis serum urea level, anemia [83], higher 
BMI, poor sleep quality, and mood disturbance [84]. In 
patients with pronounced fatigue, serum IL-6 levels were 
significantly higher, while albumin and creatinine levels 
were significantly lower [85]. Presence of cardiovascular 
disease, low serum albumin, depression, anxiety, unemploy-
ment, poor subjective sleep quality, excessive daytime 
sleepiness, and RLS were associated with greater fatigue 
[82, 83, 86, 87].

 Chronic Psychotic Disorders
Prevalence of chronic psychotic disorders in CKD popula-
tion is estimated at 10.2% [28]. For comparison, median life-
time prevalence of schizophrenia in the general population is 
estimated at 0.4% [88]. This difference in reported preva-
lence may be due to variation of measurements (some stud-
ies measured chronic psychotic disorders, while others 
focused on schizophrenia only). In addition, patients with 
chronic psychosis have a high incidence of diabetes [89], 
which leads to CKD and may contribute to the finding of 
higher prevalence of psychosis in this group. Patients with 
schizophrenia and ESRD received suboptimal pre-dialysis 
care and had a higher risk for mortality than general ESRD 
patients [90]. Another cohort study showed that patients with 
serious and persistent mental illness (SPMI) and CKD are 
more likely to be re-hospitalized than CKD patients without 
SPMI [91].

 Substance Use Disorders
Substance use disorders have an estimated prevalence of 
18% in patients with CKD [28]. In an Iranian sample of 
patients with CKD, 35.9% of patients used tobacco, 14.1% 
used opium, and 3.1% used alcohol [92]. A cross-sectional 
study of 2286 US patients with CKD showed a 15% preva-
lence of opioid use (with “use” defined as > = 5 times life-
time uses) and 22%-cocaine [93]. There is extensive evidence 
to support the deleterious effects of nicotine upon kidney 
function [94, 95], although prevalence studies about nicotine 
dependence in CKD are lacking.

 Psychological Adjustments in CKD

Similar to other chronic medical illnesses, living with CKD 
requires significant adjustments in order to cope with physi-
cal limitations, loss of independence, often loss of income 
and social status, and significant alterations in relationships. 
In addition, the logistics of dialysis treatments lead to signifi-
cant life changes. It is not uncommon that the initial diagno-
sis of CKD or the recommendation for dialysis is met with 

denial, demoralization, anger, or displacement which, if not 
resolved, can lead to poor adherence with treatment and sig-
nificant medical complications.

Emotional defensiveness as a main coping skill tends to 
negatively affect the mental component of QOL in these 
patients [96]. Use of denial initially appears to be protec-
tive against depression and anxiety, however, may impact 
the medication adherence [39]. Blame as a defense mecha-
nism was associated with worse adjustment [97], while 
hope was considered an independent predictor of better 
QOL [45]. Greater use of reappraisal was associated with 
lower levels of anxiety, while suppression was associated 
with greater depression [98]. Hemodialysis systematically 
affected personality in patients with CKD, with both neu-
roticism and psychoticism decreasing after initiation of 
HD [99].

 Impact of Mental Health Problems in CKD

There is overwhelming evidence that mental health prob-
lems impact QOL of patients with CKD.  A systematic 
review of 38 studies demonstrated a negative impact of 
depression, anxiety, and perceived stress upon health-
related QOL [100]. Levels of depression and anxiety cor-
related with lower QOL in patients with CKD in multiple 
studies [28, 31, 52, 101–104]. A meta-analysis of 81 stud-
ies including 13,240 patients showed a medium effect size 
for impact of affect, cognition, and stress level upon QOL 
in patients with ESRD [105]. In a linear regression analy-
sis, depression and anxiety independently correlated with 
QOL after adjustments for age, alcohol use, employment, 
income, education, hemoglobin level, and albumin con-
centration [31].

Mental health problems have been associated with worse 
medical outcomes ranging from medical complications to 
increased health care utilization measures. Major depressive 
episodes were independent risk factor for negative events 
(defined as death, hospitalizations, or dialysis initiation) in 
patients with CKD not on HD [106]. Depression in PD was 
associated with higher incidence of peritonitis [107]. Periodic 
limb movement disorder was associated with increased 
 cardiovascular and cerebrovascular risk in CKD patients 
[108]. Central sleep apnea has been found to be a risk factor 
for mortality in non-dialyzed CKD patients compared to 
those without CKD, while mixed sleep apnea was related to 
rapid decline of renal function in non-dialyzed subjects 
[109]. Poor sleep quality was shown to be an independent 
risk factor for cardiovascular damage in CKD [110]. 
Depression in early CKD was a predictive factor for initia-
tion of HD [40] and was associated with more days spent in 
the hospital [111, 112].

Studies investigating the impact of depression upon the 
mortality of patients with CKD have shown contradictory 
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results. MDD measured by PHQ was associated with 2.95- 
fold greater risk of death in patients with diabetes mellitus on 
HD [113]. Depression was associated with increased mortal-
ity in geriatric patients with stage 2–3 CKD [114]. A meta- 
analysis of 22 studies (83,381 participants) comprising 
12,063 cases of depression with a follow-up of 3 months to 
6.5  years concluded that depression consistently increased 
the risk of death from any cause but had less certain effects 
on cardiovascular mortality [115]. In at least two studies, 
however, depression did not predict mortality in kidney dis-
ease [116, 117].

The studies investigating the psychological adaptation to 
CKD are illustrative of some aspects that can improve the 
QOL and overall outcomes. Surprisingly, high level of social 
support had no influence on the adherence of patients with 
high conscientiousness, while it actually decreased the 
adherence of patients with low conscientiousness levels 
[118]. Extraversion and neuroticism were found to be associ-
ated with a higher health-related QOL [119]. Acceptance 
level correlated with higher QOL in patients with CKD 
[120]. Social adaptability index has been associated with 
increased survival [121].

 Treatment of Mental Health Conditions 
in Chronic Kidney Disease

 Pharmacological Interventions

It is important to remember that renal impairment affects the 
hepatic metabolism of medications, by inducing or suppress-
ing liver enzymes or by affecting the availability of protein 
binding [122]. Furthermore, intestinal and hepatic transport-
ers are altered in patients with CKD, on or off dialysis [123]. 
Authors have suggested that drug development should 
include information on pharmacokinetics in patients with 
CKD, on PD and HD, even for nonrenally cleared medica-
tions [123]; however, that is not yet the case in the United 
States. In general, patients with CKD are excluded from psy-
chopharmacological trials due to safety concerns, so infor-
mation about the safety, tolerability, and efficacy of 
psychotropics in patients with CKD is limited. For most psy-
chotropics, dose adjustment is recommended once the creati-
nine clearance decreases, but medications can be continued. 
Special attention needs to be given to psychotropic agents 
with nephrotoxic potential (e.g., lithium and topiramate) and 
to those excreted primarily through the kidney (e.g., gaba-
pentin and baclofen). Detailed information about the dose 
adjustments necessary in CKD and about possible drug to 
drug interactions during CKD can be found elsewhere [124]. 
In addition, Chap. 7 further discusses use of psychotropic 
medications in patients on dialysis.

 Depression
There is poor evidence about the efficacy and safety of anti-
depressant treatment in patients with CKD [125, 126]. While 
several open trials suggested the benefit of antidepressants, 
two randomized controlled trials (RCTs) of antidepressants 
(fluoxetine and escitalopram) showed no differences in effi-
cacy [126]. In an open randomized study, citalopram was 
reported to be efficacious in improving symptoms of anxiety 
and depression in HD patients, but interestingly these 
improvements were similar to psychological training, con-
sisting of stress management training and education about 
kidney disease [127]. The Chronic Kidney Disease 
Antidepressant Sertraline Trial (CAST) study, a double-blind 
placebo- controlled study examining efficacy and safety of 
sertraline in patients with CKD and not dialysis-dependent, 
did not show any difference between sertraline and placebo 
upon depressive symptoms [128] .

 Fatigue
Epoetin is reported to help fatigue in CKD [129]. To our 
knowledge, there is no information about the efficacy of 
modafinil or methylphenidate in CKD. Recent in vivo find-
ings suggest a potential for nephrotoxicity for methylpheni-
date; therefore, it should be used cautiously [130].

 Cognitive Impairment
The initiation of HD significantly improved cognitive sta-
tus in patients with ESRD.  There is only anecdotal evi-
dence about the use of acetylcholinesterase inhibitors in 
patients with dementia and CKD [131]. Interestingly, a 
population study of 11,943 patients with CKD in Taiwan 
demonstrated that receiving the flu vaccine was protective 
against developing dementia, regardless of other risk 
factors [132].

 Sleep Disorders
Dopamine agonists, such as ropinirole and rotigotine, have 
been found helpful for RLS in patients with CKD [133, 134]. 
In vitro studies showed that melatonin may have protective 
effects against oxidative stress and inflammation in renal dis-
orders [135], but clinical trials are lacking at this time. 
Treatment of sleep apnea with continuous positive airway 
pressure has been shown to reveal increased symptoms of 
PLMS [136].

 Pharmacokinetics in CKD
CKD can modify the psychopharmacology of psychotropic 
agents even for medications not primarily excreted by the 
kidneys. Chronic kidney disease can induce changes in dis-
tribution, protein binding, metabolism, and excretion. 
Obviously when the medication is primarily metabolized 
and excreted in the kidneys (e.g., gabapentin or topiramate), 
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the dose will need to be decreased if the patient develops 
CKD. The use of psychotropic medications in patients with 
CKD can be limited due to comorbid illness, such as 
impaired hepatic function, electrolyte disturbances, cardiac 
arrhythmias, or QTC prolongation. For further detailed 
information, the reader is referred to additional materials 
[137].

 Other Use of Psychotropics in CKD
An interesting topic is represented by the use of psycho-
tropic medications for nonpsychiatric conditions. 
Sertraline was shown to be effective for pruritus in ESRD 
patients [138].

 Non-Pharmacological Treatments for Mental 
Health Symptoms in Patients with Chronic 
Kidney Disease

 Psychotherapeutic Interventions
In nonmedically ill patients, it has been shown that psycho-
logical interventions have important advantages in compari-
son to pharmacological treatment. Psychotherapy allows 
one to avoid the risk of medication side effects and low 
adherence with drug therapy. In addition, for many patients, 
psychotherapy may be easier to accept [139]. Research also 
indicates that psychotherapy may be more effective in 
reducing the risk of depression relapse compared to phar-
macological therapy [140]. Although there is an increased 
interest in psychological interventions for patients with 
CKD, the research, while expanding, is still limited.

A systematic review and meta-analysis of 8 RCTs aimed 
to evaluate effects of psychological interventions on depres-
sion, sleep quality, QOL, and fluid intake restriction adher-
ence, demonstrated that the psychological interventions 
significantly reduced the Beck Depression Inventory scores 
and inter-dialysis weight gain [141]. The most widely used 
psychological intervention was cognitive behavioral therapy 
(CBT). Another systematic review and meta-analysis con-
cluded that psychosocial interventions were associated with 
a medium effect size for reduction in depressive symptoms 
and a small effect size for improved QOL in patients with 
CKD/ESRD and their caregivers and some evidence sug-
gested also a reduction in anxiety [142].

CBT is an especially helpful modality for depression, 
anxiety, insomnia, and adherence. It can also teach patients 
skills to facilitate communication with care providers, 
problem- solve when necessary, reduce arousal, and correct 
misconceptions and distortions [143, 144]. A RCT con-
ducted in Brazil compared the effectiveness of 12 weekly 
sessions of group CBT in chronic hemodialysis patients 
diagnosed with MDD (N = 41) compared to usual care con-

sisting of education and emotional support offered in the 
dialysis unit (N = 44) [144]. The intervention group demon-
strated significant improvements compared to the control in 
average BDI scores, Mini-International Neuropsychiatric 
Interview (MINI) score, and Kidney Quality of Life 
dimensions.

Another randomized crossover trial in HD patients with 
48.5% meeting criteria for MDD administered chairside 
CBT during dialysis treatments for 3  months. The study 
demonstrated that the treatment-first group achieved signifi-
cantly larger reductions in BDI- II and HAM-D scores, as 
compared to the wait-list control. Mean scores for the 
treatment- first group did not change significantly at the 
3-month follow-up, indicating persistence of a treatment 
effect beyond the end of the treatment period [145]. The 
treatment-first group experienced greater improvements in 
QOL and inter-dialytic weight gain than the wait-list group, 
although no effect on adherence was evident.

Another RCT found that group-based CBT was effective 
in improving adherence to fluid restrictions in patients under-
going hemodialysis [146]. Yet, a more recent RCT of PD 
patients evaluating the effectiveness of a CBT group 
approach to improve patient adherence demonstrated a sta-
tistically significant difference in edematous status at 6-week 
follow- up, potentially indicative of fluid restriction adher-
ence [147].

A randomized active-controlled, open-label trial is cur-
rently being carried out to test whether a mindfulness-based 
stress reduction (MBSR) program delivered in a novel 
workshop- teleconference format would reduce symptoms 
and improve health-related quality of life (HRQOL) in 
patients awaiting kidney transplantation. Telephone-adapted 
MBSR (tMBSR) significantly improved mental HRQOL at 
follow-up, with over 90% of tMBSR participants reporting 
practicing mindfulness and finding it helpful for stress 
management [148].

A group therapy intervention in 48 HD patients signifi-
cantly reduced depression and improved self-care, self- 
efficacy, and QOL in this patient population [149].

Case studies and some controlled studies suggest that 
relaxation and imagery techniques can be successfully used 
with hemodialysis patients to improve their adjustment. 
However, a RCT on a specific visual imagery technique in a 
sample of HD patients did not demonstrate an effect of this 
intervention on emotional adjustment or QOL, although the 
rate of patient compliance with the intervention was 
 moderately high and patients reported their satisfaction with 
the intervention procedures [150].

Tsay and Hung [151] examined the effects of an empow-
erment intervention program in HD patients in a RCT in 
Taiwan. The results indicated that scores of the empower-
ment, self-care, self-efficacy, and depression in the  
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intervention group had a significantly greater improvement 
compared to controls [151].

 Exercise
Aerobic exercises have been shown to improve not only 
physical functioning but also nutritional status, hematologi-
cal indices, inflammatory cytokines, depression, and HRQOL 
in ESRD patients [152]. There have been a few RCTs exam-
ining the effects of exercise on depression in hemodialysis 
patients. In one such study on the effect of exercise training 
on heart rate variability and depression in HD patients, BDI 
scores decreased by 34.5% in HD patients randomized to a 
1-year intradialytic exercise training program [153]. In 
another RCT in patients with reduced aerobic capacity, 
patients randomized to a 10-month intradialytic exercise 
training program demonstrated a 21% increase in maximal 
oxygen uptake (VO2 max) in the exercise group and a 39% 
reduction in BDI scores, while control groups had no such 
changes [154].

 Alternative Therapies
Music therapy has been investigated in ESRD. Thirty-six 
hemodialysis patients in Seoul, Korea, treated with music 
therapy reported lower scores in both depression and 
anxiety levels compared to the control group with no 
therapy [155].

Authors of another study observed that patients who lis-
tened to music during the dialysis sessions exhibited sig-
nificant reductions in perceived stressors and adverse 
reactions, a fact that led the authors to conclude that music 
could be beneficial for promoting well-being in 
hemodialysis patients [156].

 Self -Management
Self-management is another approach to target mental health 
symptoms in patients with kidney disease. Self-management 
in CKD involves developing knowledge, skills, and behav-
iors necessary to manage illness and treatments, as well as 
developing collaborative relationships with healthcare team 
providers. Self-management in dialysis necessitates that 
patients and families develop specific skills related to man-
aging the dialysis treatment itself ranging from  organizational 
tasks, such as coordinating transportation, to more active 
participation in the dialysis treatment, such as preparation 
for cannulation. Developing strategies to manage the psy-
chosocial consequences of CKD and its treatment is an 
important part of self-management. Activities such as evalu-
ating one’s condition, negotiating treatment plans with care 
providers, and voicing one’s preference for treatment reflect 
the cognitive dimensions of self-management in this popula-
tion [157].

 Psychoeducation
Pre-dialysis psychoeducational interventions present infor-
mation about normal function of the kidneys, diseases of the 
kidneys, nutrition, medications, alternative modes of RRT, 
and lifestyle.

An important goal of pre-dialysis psychoeducational 
interventions is to socialize patients into a collaborative role 
in relating to service providers. Pre-dialysis psychoeduca-
tional intervention helps patients learn about CKD and its 
medical management and supports long-term knowledge 
retention [158]. Pre-dialysis psychoeducational intervention 
facilitates vocational rehabilitation and promotes 
QOL. Devins et al. have shown that pre-dialysis psychoedu-
cational interventions extended time to dialysis therapy [159] 
and survival [160].

 Conclusions
Patients with CKD have a high prevalence of psychiatric 
symptoms due to biological risk factors and psychosocial 
burdens of a chronic medical illness requiring significant 
time and resources for treatment. The most common men-
tal health conditions encountered are depression, anxiety, 
and cognitive impairments, which in turn worsen adher-
ence with medical treatments. The literature supports 
screening for depression and cognitive impairment in 
patients with CKD. Treatment of the psychiatric comor-
bidities in CKD leads to improvements in QOL and out-
comes and increase in survival. The safety and efficacy 
data on psychopharmacological agents in patients with 
ESRD are lacking. At the same time, non-pharmacological 
methods, including psychotherapies, lifestyle and behav-
ioral interventions, as well as complementary therapies, 
are becoming increasingly utilized in patients with CKD.
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Dialysis: Medical and Psychological 
Considerations
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 Introduction

After reaching chronic kidney disease (CKD) stages 4 or 5, 
renal replacement therapy (RRT) is usually recommended. 
RRT encompasses continuous and intermittent modalities as 
well as kidney transplantation. Continuous RRT can be done 
via continuous dialysis, hemofiltration, hemodiafiltration, or 
high-flux dialysis; these interventions are done in acute situ-
ations, typically during treatment in intensive care unit. 
Many patients with CKD eventually require intermittent 
dialysis (often referred to as “dialysis”), which can be per-
formed at a qualified center or at home. Intermittent dialysis 
can be hemodialysis (HD) (uses an arteriovenous fistula 
which connects to the dialysis machine) or peritoneal dialy-
sis (PD) (uses catheters from the peritoneal cavity connect-
ing to exchange bags or pumps). Although traditionally HD 
has been done in HD centers, 3 times a week, there is 
increased interest in performing HD at home. PD can be 
machine-free (done by patient 4–5 times a day) or automated 
(APD) done by machine typically at night when the patient is 
asleep. All RRT have advantages and disadvantages, but they 
all require significant lifestyle adjustments.

Since the year 2000, the use of hemodialysis has been 
increasing [1]. In 2015, 63% of all incident end-stage renal 
disease (ESRD) patients were receiving hemodialysis, 7% 
were treated with peritoneal dialysis, and the remainder 
received a kidney transplant [1]. Four decades ago in 1977, 
continuous renal replacement therapy (CRRT) was intro-
duced as a treatment for critically ill patients with acute 
renal failure. Prior to CRRT, treatment of these patients led 
to significant hypotension as a side effect of intermittent 

hemodialysis. Table  7.1 summarizes the different renal 
replacement modalities currently in  clinical use. The focus 
of this chapter will be on hemodialysis (HD) and peritoneal 
dialysis (PD) in patients with ESRD.
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Table 7.1 Summary of renal replacement modalities [2]

Renal replacement 
modality

Clinical situation  
used in

Other 
considerations

Hemodialysis End-stage renal 
disease

Usually 3–6 h 
3 days a week
Other prescriptions 
of length and 
frequency exist

Peritoneal dialysis End-stage renal 
disease

Patients not bound 
to a machine, have 
more flexibility and 
autonomy

  1.  Continuous 
ambulatory 
peritoneal dialysis 
(CAPD)

Manual exchanges 
performed can be 
done several times a 
day

  2.  Automated 
peritoneal dialysis 
(APD or CCPD)

Machine performs 
exchanges overnight

Intermittent 
hemodialysis

Acute renal failure 3–6 h per treatment
More cost effective
Slower rates can 
improve risk for 
hypotension

Continuous renal 
replacement

Acute renal failure in 
critically ill patients

Continuous over 
24 h
Better control of 
hypotension, better 
solute removal
Better management 
of intravascular 
volume

  1.  Continuous 
venovenous 
hemofiltration 
(CVVH)

CVVH better at 
removing middle and 
larger weight 
substances

  2.  Continuous 
venovenous 
hemodialysis 
(CVVHD)

CVVHD better at 
removing small 
molecular weight 
substances (e.g., urea, 
creatinine, potassium)

  3.  Continuous 
venovenous 
hemodiafiltration 
(CVVHDF)

CVVHDF combines 
diffusion and 
convective clearance 
to remove small to 
large weight 
substances

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_7&domain=pdf
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 Choosing the Right Modality for a Patient

Investigation of various dialysis modalities (e.g., PD versus 
HD, continuous ambulatory versus automated PD) did not 
demonstrate superiority of one method over the other [3, 4]. 
Conservative non-dialysis care may be the appropriate deci-
sion for older patients with multiple comorbidities [5], while 
transplantation might be more suitable for others. All treat-
ment modalities add a burden to the already encumbered 
patients and their families; hence early conversations 
between medical teams and patients and their caregivers are 
important.

In a review of 18 qualitative studies on the experience of 
375 patients and 87 caregivers, Morton et al. [6] identified 4 
major themes central to treatment choices: (1) confronting 
mortality (choosing life or death, being a burden, living in 
limbo), (2) lack of choice (medical decision, lack of informa-
tion, constraints on resources), (3) gaining knowledge about 
options (peer influence, timing of information), and (4) 
weighing alternatives (maintaining lifestyle, family influ-
ence, maintaining status quo). For these decisions to be made 
in an informed manner, adequate time for education and 
assimilation of the information provided is necessary.

 When to Start Dialysis

The Kidney Disease Outcomes Quality Initiative (KDOQI) 
workgroup in its most recent guidelines [7] recommends an 
individualized approach to initiating hemodialysis. Focusing 
only on the appearance of uremic symptoms (Table 7.2) [8] 
or basing the decision on estimated glomerular filtration rate 
(GFR) may be fraught with challenges and does not lead to 
improved clinical outcomes. Patients may have other 
 reversible causes associated with uremia, and serum creati-
nine levels may appear spuriously decreased secondary to 
low muscle mass [7]. Conversely, patients may have a high 
GFR but have refractory hypervolemia or hyperkalemia that 
warrants initiating HD. To assist the decision-making pro-
cess, in selected cases, direct measurement of GFR, mea-
surement of filtration markers in the urine, and measures of 

serum cystatin C and other serum biomarkers of kidney func-
tion not dependent on muscle mass may yield more precise 
estimates in people with advanced kidney disease [9, 10].

The Initiating Dialysis Early and Late (IDEAL) study 
conducted in 32 centers in Australia and New Zealand ran-
domized patients to begin dialysis early at creatinine clear-
ance of 10–14  mL/min/1.73m2 versus later at creatinine 
clearance of 5–7 mL/min/1.73m2. The results did not show a 
difference between two groups for cost, time to death, car-
diovascular outcomes, infectious events, or complications of 
dialysis [11, 12]. Limitations of this study included a narrow 
difference in actual creatinine clearance between the two 
groups (average of 12.0 and 9.8 mL/min/1.73m2 in the early 
and late groups, respectively) which may account for a clear 
lack of difference between the two groups.

Although the KDOQI does not describe a certain creati-
nine clearance limit to initiate HD [7], the recommendations 
are quite clear about educating patients early about their dis-
ease course and treatment options, including different HD 
modalities as well as the option for transplant or conservative 
care without dialysis.

 Frequency of Dialysis

Conventional HD remains the most common treatment for 
ESRD worldwide and is usually performed for 3–5 hours (h), 
3 days per week [1, 7]. Some dialysis programs now offer 
intensive HD regimens, characterized by either longer dura-
tion, increased frequency, or both. There are no randomized 
controlled studies investigating intensive HD, but Kraus and 
colleagues in a narrative review note intensive HD can 
address important clinical problems such as left ventricular 
hypertrophy, hypertension, hyperphosphatemia, low quality 
of life, and poor tolerability of conventional HD [13]. 
Intensive HD may, however, increase the risks of infections, 
complications of frequent vascular access, and burden to the 
patient and caregivers. It may also lead to an accelerated 
decline in residual kidney function [7, 13].

 Quality of Life

Quality of life (QOL) is an important measure of treatment 
efficacy and improves communication and understanding 
between patients and physicians. The health-related quality 
of life (HRQOL) in dialysis patients is lower compared to 
that of age-matched subjects in the general population [14, 
15] due to loss of vocational capacity; effects of a chronic, 
physically demanding frequent therapy; decline in func-
tional capacity; medication side effects; loss of social sup-
port; and impact of a multitude of physical and emotional 
symptoms [16].

Table 7.2 Common symptoms of uremia [8]

Neurological Endocrine and metabolic
Anergia Amenorrhea and sexual 

dysfunction
Confusion Insulin resistance
Anorexia Increased protein muscle 

catabolism
Gustatory and olfactory 
alterations

Pruritus

Sleep disturbances
Neuropathy
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There has been a debate about which dialysis modality 
(HD vs. PD) has better HRQOL measures.

Systematic reviews [15, 17] have not found significant 
differences in outcomes of physical function, recreation, 
freedom, or ability to work between PD and HD.

Each modality has its advantages and disadvantages. HD 
affords patients less responsibility for the procedure and 
allows for the development of community and socialization 
with other HD patients as well as HD center staff [18]. On 
the other hand, patients on HD have access complications, 
the risk of infections, and a higher mortality just before and 
12 h after dialysis due to electrolyte fluctuations. In a sys-
tematic review of 24 studies including 221 patients on home 
HD [19], 5 themes of psychological adaptation were identi-
fied: (1) vulnerability of dialyzing independently (fear of 
self-needling, feeling unqualified, and anticipating cata-
strophic complications), (2) fear of being alone (social isola-
tion and medical disconnection), (3) concern of family 
burden (emotional demands on caregivers, imposing respon-
sibility), (4) opportunity to thrive (reestablishing a healthy 
self-identity, gaining control and freedom, strengthening 
relationships), and (5) appreciating medical responsiveness 
(attentive monitoring and communication and clinician 
validation).

PD is not only lower in cost but also allows patients to 
have more autonomy, schedule flexibility, better mainte-
nance of residual renal function, and greater satisfaction with 
medical care team despite less frequent contact than the HD 
cohort. The one-on-one relationship with the PD nurse fos-
ters patient confidence and support in a way that leads to 
more satisfaction than that experienced by in-center HD 
patients. PD patients also have an improved survival over 
those on HD in the first 1–2 years after initiation of treat-
ment. The risk of death in PD patients becomes equivalent or 
greater than HD patients after the initial 1.5–2 years depend-
ing on patient age and medical comorbidities such as diabe-
tes. Patients on PD do experience more technique failure, 
weight gain, and caregiver burnout [18].

Much like the earlier reviews [15, 17], a recent meta- 
analysis [20] that included seven studies comparing HD and 
PD across different measures on the Kidney Disease Quality 
of Life (KDQOL) Short Form version 1.3 (KDQOL-SF 1.3) 
and KDQOL-SF 36 was inconclusive. The quantitative anal-
ysis, however, showed that the only statistically significant 
difference between the QOL of patients on hemodialysis and 
those on PD concerned the KDQOL-SF 1.3 domain on 
effects of kidney disease (question 15 a-h). This domain 
evaluates the impact of kidney disease on fluid and dietary 
restrictions, ability to complete chores, travel, dependence 
on medical professionals, level of worries and stress, and 
changes to personal appearance and sex life. Patients under-
going PD scored better on this domain (P = 0.032). Improving 
social support and reducing role limitations in patients using 

either modality improved emotional well-being, quality of 
sleep, and symptom management by patients.

Ultimately, the choice of dialysis modality needs to be 
individualized [17]. Modality selection should in most cases 
be patient/family directed, with primary considerations 
focused on lifestyle and social issues such as patient auton-
omy, geographic location (as it affects transportation to and 
from the dialysis center) living situation, patient motivation, 
and patient and family employment [18].

 Psychiatric Disorders in Dialysis Patients

 Depression

In the international Dialysis Outcomes and Practice Patterns 
Study (DOPPS) [21], 21.5% of dialysis patients self-reported 
depression, while 17.7% of patients on chronic dialysis had 
depression diagnosed by a physician. This is significantly 
higher than the estimated prevalence (10%) of depression in 
the general population [22]. In a study that measured depres-
sive symptoms monthly via Patient Health Questionnaire 9 
(PHQ-9) in 280 patients on chronic dialysis, Weisbord et al. 
identified moderate to severe depressive symptoms on 18% 
of the assessments [23]. A recent meta-analysis showed the 
prevalence of depression in dialysis population varied from 
22.8% using interview-based diagnosis to 39.3% using self- 
or clinician-administered rating scales [24].

Depression in this population is associated with lower 
QOL, sexual dysfunction, and nonadherence to medical 
treatment [25]. Studies comparing the prevalence of depres-
sion in patients undergoing various types of dialysis treat-
ment (e.g., HD versus PD) have been contradictory [26–28]. 
Increased risk for MDD has been reported with standard HD 
versus those receiving hemodiafiltration [29]. Levels of 
depression were equivalent in assisted PD and self-care PD 
[30]. Increased risk for depression in HD patients has also 
been linked to generalized weakness and loss of strength as 
measured by a lower body mass index (BMI) [31], muscle 
wasting as measured by 10-meter walking test [32], and hand 
grip strength [33]. On the other hand, HD parameters (ure-
mic toxin removal indices) or nutrition indices do not appear 
to influence the level of depression [34].

Depressed patients on hemodialysis have a higher risk of 
death and hospitalizations compared with those without 
depressive symptoms [35]. A recent meta-analysis of 31 
observational studies, although limited by the heterogeneity 
of studies and depression assessment methods, showed a sig-
nificant association between mortality and depression in 
patients on both PD and HD [36]. Higher levels of inflamma-
tory cytokines and stress hormones, increased platelet 
 aggregation, reduced adherence to dietary and fluid restric-
tions, and medications in depressed patients contribute to 
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increased incidence of hospitalizations, worse cardiovascu-
lar outcomes, and increased mortality [25, 37]. Weisbord 
et al. noted an independent association between depression 
and missed or abbreviated dialysis sessions in 65 patients 
with depression [23].

In addition to etiologic factors of depression present in 
the general population such as genetic predisposition and 
neurotransmitter dysregulation, patients with ESRD have an 
increased level of cytokines, difficulties with sleep, and 
social risk factors of role disruptions, financial implications 
of illness, and a perception of lack of control contributing to 
the development of depression [38]. Greater symptom bur-
den and a lower QOL experienced by depressed individuals 
lead to social withdrawal and low family support [39], result-
ing in a vicious cycle. Despite growing evidence of the 
importance of early detection, depression remains underdi-
agnosed and undertreated in dialysis patients [40, 41].

The Beck Depression Inventory (BDI) is a self-report 
questionnaire that has been validated and widely used to 
assess depressive symptoms in dialysis patients [42]. 
Screening for depression in this population is complex due to 
an overlap with symptoms of uremia. The Cognitive 
Depression Index (CDI), a truncated version of the BDI with 
somatic symptoms omitted, may also be used to avoid con-
founding between symptoms from the medical illness and 
depression. In a study comparing the BDI, Hospital Anxiety 
and Depression Scale (HADS), and CDI, Preljevic et  al. 
found the BDI and HADS to be acceptable screening tools in 
this population [43]. The authors recommend using a cutoff 
of 17 or higher for depression on the BDI, higher than the 
previously recommended 13 or 16 [44]. CDI was found to be 
only slightly more specific than the BDI [43].

 Suicide in Dialysis Patients
Traditionally, patients with CKD, specifically those on dialy-
sis, have been considered at higher risk for suicide. Some 
early studies reported a suicide risk up to 400 times higher 
than in general population [45]. It is important to note that 
most of the initial studies considered stopping dialysis treat-
ment as a form of suicide. With time, clinicians and research-
ers started differentiating cessation of dialysis from suicidal 
behavior. Studies focused on cessation of RRT show that 
more than half of these cases occur in patients with cognitive 
impairment and multiple medical complications and that in 
the majority of these cases, the proposal to discontinue treat-
ment had been originated by the medical providers [46]. 
Even when cessation of RRT is not considered suicidal 
behavior, the suicide rate in patients with CKD is 84% higher 
compared with the general US population [47].

Comorbid anxiety, fatigue, reduced QOL, alcohol or drug 
use disorder, and an inability to cope with the stressors of 
illness contribute to this risk [31]. Additional risk factors for 
suicidal ideations or behavior in these patients are low BMI 

[48], male gender, age over 75 years, white or Asian race, 
depression, substance use disorders, medical comorbidities 
such as cancer or COPD, serum albumin less than 3.5 g/dl, 
and hospitalization within the past 12 months [47].

A recent retrospective study of 65,000 patients in Taiwan 
found suicide risk to be 140% in patients on dialysis when 
compared to the general population. The study population 
displayed a risk of suicide by cutting, 20 times higher than 
that of the general population [49]. Other means of suicide in 
dialysis patients may involve nonadherence to dietary and 
fluid restrictions, manipulating the graft leading to massive 
hemorrhage, and firearms [50]. On the other hand, a recent 
cross-sectional study in Brazil concluded that spiritual and 
religious beliefs were protective, leading to better mental 
health and lower suicide risk [51].

Comprehensive care of patients on dialysis should include 
screening for depression and inquiries by nephrology/dialy-
sis staff about thoughts of suicide so a risk assessment can be 
undertaken and a prevention plan is generated [52]. Close 
collaboration with mental health clinicians and collaborative 
care models will be helpful.

 Treatment Options and Challenges
There is a paucity of data on pharmacological and non- 
pharmacological treatments of depression in dialysis 
patients. Patients on dialysis who have screened positive for 
depression have shown disinterest in modifying or initiating 
treatment for depression. For example, Pena-Polanco and 
colleagues assessed depression monthly in participants of a 
clinical trial for symptom management during dialysis from 
2009 to 2011 and found that these patients were frequently 
not interested in modifying or initiating treatment for depres-
sion. They also found renal providers to be unwilling to mod-
ify or initiate antidepressants [53].

Studies investigating the efficacy of antidepressant medi-
cations in dialysis-dependent patients have been limited due 
to small sample size, lack of randomization, short treatment 
durations, low adherence, high dropout rates, and nonstan-
dard criteria for diagnosing depression [54].

A systematic review and meta-analysis found 4 studies of 
170 participants assessing the efficacy of antidepressants for 
depression in patients on dialysis and reported that evidence 
for antidepressant use in the dialysis population is sparse and 
inconclusive [55]. In a randomized controlled feasibility trial 
comparing sertraline to placebo, 709 patients were screened, 
and only 30 made the inclusion criteria with 21 completing 
the trial. Although no benefit of sertraline was observed, the 
study highlighted recruitment issues in this population [56].

This dearth of data limits careful use of antidepressants in 
a population with cardiovascular risk factors. In a small, 
single- center study of patients on chronic peritoneal dialysis, 
Wuerth and colleagues faced similar challenges with patients 
resistant to start medications. However, they found that the 
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small subgroup of patients treated with antidepressants had 
improvement in their BDI scores following 12 weeks of ther-
apy, suggesting clinical depression can be treatable by anti-
depressants in this patient population [57].

Other studies have found paroxetine and fluoxetine to 
be tolerated in dialysis populations [58, 59]. CBT and 
mindfulness training are two psychotherapeutic approaches 
which have been found to be helpful for depression in dial-
ysis patients [60, 61]. They are discussed in more detail in 
Chap. 6.

In summary, depression in dialysis patients is an impor-
tant comorbidity with multiple risk factors and subsequent 
important downstream consequences, including increased 
suicide risk and worsening HRQOL outcomes. The evidence 
establishing safety and efficacy of treatment of depression in 
this population remains scant, and further research is 
warranted.

 Anxiety in Dialysis Patients

The exact prevalence of anxiety disorders in the dialysis pop-
ulation remains unclear, as there are no large nationally rep-
resentative studies. With SCID remaining the gold standard 
instrument for a psychiatric diagnosis, a study of 70 patients 
on HD showed that 45.7% meet criteria for anxiety disor-
ders: 26.6% had specific phobias, 21% panic disorder, 4.2% 
post-traumatic stress disorder (PTSD), and 4.3% social pho-
bia [62]. Levels of anxiety were equivalent in assisted PD 
and self-care PD [30].

Smaller studies using a variety of diagnostic tools and 
self-report measures report a broad range of anxiety preva-
lence in these patients, from 12% to 52% [63]. Similar to the 
depression literature, this represents the heterogeneity in 
diagnostic tools and thresholds of diagnoses. Compared to 
patients with depression, patients with anxiety have reported 
better QOL; however, when these same patients are com-
pared to those dialysis patients with no psychiatric illness, 
they score lower on the QOL scales [64]. In a recent cross- 
sectional study of 414 patients from 24 different dialysis 
centers in Greece, Gerogianni and colleagues found female 
gender, lack of a secondary education, being a pensioner, 
having more financial difficulties, comorbid illness, and not 
being a transplant candidate to be associated with higher lev-
els of anxiety in dialysis patients [65].

For a patient reporting symptoms of a panic attack dur-
ing a dialysis treatment (e.g., shortness of breath, light-
headedness, palpitations), it takes a very detailed 
assessment to diagnose anxiety and differentiate it from 
physical symptoms caused by the treatment or by medical 
comorbidities. Very few studies measuring anxiety take 
this into consideration, in order to accurately diagnose 
anxiety disorders.

The Hospital Anxiety and Depression Scale (HADS), a 
self-report screening measure, has been reported to per-
form well in assessments of both the diagnosis and symp-
tom severity of anxiety and depression. The HADS-A is 
acceptable for screening anxiety in this population; how-
ever, lower cutoff scores (6 versus 8 or 11) than other pop-
ulations may be needed for improved sensitivity and 
specificity [43].

In a cross-sectional study of 170 patients on maintenance 
dialysis for 6 months or more, 155 HD and 15 on PD, Feroze 
and colleagues [66] found that 53% of patients experienced 
some anxiety when coming for a dialysis treatment, espe-
cially if there were changes in routine, such as a different 
dialysis technician. Alarm bells on the machine and presence 
of paramedics in the dialysis unit were also found to be 
anxiety- provoking for patients. Despite having been in dialy-
sis for 6 months or more, patients found the experience of 
dialysis and common occurrences happening within each 
treatment anxiety-provoking.

Anxiety is often comorbid with depression and increases 
the risk for substance use disorders as well. Cohen and col-
leagues recommend screening for anxiety before the initia-
tion of dialysis and during annual mental health assessments. 
A change in patient behavior from their norm, including dis-
ruption on the HD unit, new onset nonadherence, and avoid-
ance behaviors, should also trigger screening for anxiety and 
depression [67].

 Treatment
There have been limited studies for the treatment of anxiety 
in the dialysis populations. SSRIs are considered first-line 
treatment for anxiety disorders in adults [68]. 
Benzodiazepines have also been used for short-term relief of 
anxiety [69], but risk of dependence and cognitive challenges 
make their longer- term use less desirable. Other medica-
tions, such as quetiapine, gabapentin, and buspirone, have 
also been used in the treatment of anxiety disorders [69], but 
safety data for patients on dialysis is limited.

 Sleep Disorders

Dialysis patients frequently experience sleep difficulties 
with a reported prevalence of sleep disorders ranging from 
20 to 70% [70]. Insomnia, restless legs syndrome (RLS), and 
sleep-disordered breathing are the most common disorders. 
Sleep disorders have been found in 47.6% of patients on con-
tinuous PD [71]. The prevalence of insomnia in HD patients 
varies from 15% [72] to 69% [73]. RLS prevalence in 
patients on dialysis ranges from 12 to 25% [73, 74], while 
the prevalence of periodic limb movement disorder (PLMD) 
was reported at 42% in HD patients [75]. RLS has been 
 associated with prematurely stopping dialysis and decreased 
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QOL [74]. These patients also experience more anxiety, day-
time sleepiness, and sexual dysfunction [76].

The severity of sleep disorders progresses with worsening 
kidney function; however, this is not linearly related to ure-
mia [40]. Short sleep, in turn, is associated with decreased 
kidney function [77] and a 50% increase in mortality rate 
compared to those without sleep difficulties [78]. The 
Pittsburgh Sleep Quality Index (PSQI) and Epworth 
Sleepiness Scale (ESS) have not been validated in this popu-
lation but can be used as screening instruments. Instruments 
screening for sleep apnea commonly focus on hypertension, 
snoring, and body habitus. These have not proven to be sen-
sitive enough to be used in the ESRD population [79]. 
Comorbidity with depression in ESRD also impacts sleep 
and leads to downstream cognitive challenges discussed later 
in this chapter.

 Treatment of Sleep Disorders in Dialysis Patients
There are few trials on treatment of sleep disorders in dial-
ysis patients. General initial recommendations include the 
use of non-pharmacological interventions and reversal of 
any potential causes of sleep disruption. Treatment should 
begin with reviewing basic sleep hygiene. If these conser-
vative measures do not improve the underlying sleep prob-
lems, cognitive behavioral therapy for insomnia (CBT-I) 
can be helpful. A trial of 98 maintenance HD patients ran-
domized to CBT-I versus controls who received no CBT 
showed improvement in depression, anxiety, and sleep 
quality in the CBT-I treatment group [80]. The Following 
Rehabilitation, Economics and Everyday-Dialysis 
Outcome Measurements (FREEDOM) Study [81] and 
Frequent Hemodialysis Network (FHN) [82] trials both 
found short daily HD (6 times per week) to cause improve-
ment in sleep quality as compared to matched conventional 
HD, although this improvement was not sustained beyond 
a year.

In a meta-analysis of 9 studies and 220 patients on HD, 
ropinirole proved to have a modest effect for RLS in CKD 
[83]. Rotigotine has also been reported helpful for RLS in 
patients with CKD on dialysis in one randomized study [84]. 
Other than low-dose dopaminergic medications, gabapentin 
or pregabalin is helpful for control of RLS symptoms, 
although no large randomized controlled studies exist [70]. 
Caution should be used when using gabapentin given its 
renal excretion. Dosages of 100–300  mg given right after 
dialysis have been efficacious but require close monitoring 
for adverse effects [70]. Intradialytic aerobic exercise and 
shorter daily HD can also decrease the severity of RLS 
symptoms as reported by a few small studies [70].

Non-benzodiazepine medications, such as eszopiclone, 
zaleplon, and zopiclone, do not require dose reduction in 
reduced renal clearance and can be used to treat insomnia 
in this patient population for short periods of time, starting 

at low doses and titrating slowly [70]. Small randomized 
studies have found zaleplon [85] and melatonin [86] to be 
helpful for short periods of time without significant adverse 
effects.

Unlike the general population, patients on dialysis differ 
in characteristics pertaining to sleep-disordered breathing 
(SDB). There is no gender difference in this group, and neck 
circumference (>40 cm) rather than BMI is recognized as a 
better marker for SDB risk [87]. An increased neck circum-
ference resulting from fluid overload can cause narrowing of 
airways and hence more symptoms. Small studies [87, 88] 
have shown improvement in symptoms subsequent to fluid 
removal.

 Cognitive Dysfunction

Patients on dialysis are at an increased risk of developing 
cognitive impairment [89]. This, in turn, is associated with 
increased mortality, hospitalization rate, and cerebrovascu-
lar events, as well as decreased QOL [90, 91]. A recent 
cross- sectional study using SCID and DSM V criteria 
showed that 52.4% of HD patients met criteria for a major 
neurocognitive disorder and 17.3% for a minor neurode-
generative disorder [92].

Hypertension, diabetes, and hyperlipidemia, frequently 
associated with and leading to CKD, compromise the brain 
substrate. Subsequent exposures to fluctuating levels of ure-
mic toxins, hypoxemia, changing fluid and electrolyte levels 
during dialysis, hospitalizations, and alterations in drug 
metabolism further increase the risk of cognitive dysfunc-
tion, especially delirium [91, 93]. In addition, depression and 
sleep disorders worsen performance on measures of cogni-
tion. The absence of residual renal function, malnutrition, 
and low hemoglobin concentration have also been found in 
the DOPPS to be independently associated with diagnosed 
dementia [94]. Diagnosed dementia was associated with an 
increased risk of death and dialysis withdrawal, independent 
of a number of confounding factors.

A retrospective cohort study of nearly 122,000 patients 
comparing the incidence of dementia in patients on HD ver-
sus PD found the annual incidence in the total cohort to be 
2.3% compared with 1% in a non-dialysis matched cohort. 
When compared to patients on HD, persons on PD were 
found to have a 25% lower risk of being diagnosed with 
dementia. This lower risk persisted after adjusting for the 
younger age and ethnicities of patients on PD. Patients on 
PD do not experience the hypotension and large volume 
shifts associated with HD and potentially leading to cerebral 
injury. There may also be a selection bias where cognitively 
more intact patients are referred for PD rather than HD. The 
difference in cognitive effects of the two modalities needs to 
be investigated further [95].
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There are no screening cognitive tests developed specifically 
for the CKD population [96]. Compared to the Mini-Mental 
Status Examination (MMSE), the Montreal Cognitive 
Assessment (MoCA) has good sensitivity and specificity to dis-
criminate the cognitively impaired from the non-impaired dialy-
sis patients [97].

A study of 26 patients on hemodialysis found that cogni-
tive scores vary depending on the timing and setting of the 
cognitive test. Hypotension and fatigue during dialysis 
compromise test scores. Authors recommended testing 
patients before dialysis in a room different from where dial-
ysis occurs [98].

 Treatment of Cognitive Dysfunction
Management of cognitive impairment in this population 
mostly relies on identification, reversal of possible etiolo-
gies, and non-pharmacological interventions. For those with 
delirium, addressing the underlying uremia, anemia, and 
fluid and electrolyte shifts can help. Caregivers should 
accompany patients to their treatments and appointments 
which may decrease anxiety for the patient and ensure ade-
quate adherence to treatment and dietary restrictions. 
Pharmacologically, there has been no published data on cho-
linesterase inhibitors (e.g., donepezil) or N-methyl-D-
aspartate (NMDA) antagonists (e.g., memantine) in this 
patient population [90].

 Sexual Dysfunction

Sexual dysfunction is reported in up to 86% of patients on 
dialysis [99]. The prevalence of erectile dysfunction in dialy-
sis patients increases with age, and up to 55% of female 
dialysis patients report difficulty with sexual arousal, 
impaired vaginal lubrication, dyspareunia, and anorgasmia 
[99]. Sexual dysfunction in this population is correlated with 
depression and anxiety [100].

 Psychopharmacology in Dialysis

When choosing and dosing a psychotropic medication in 
patients on dialysis, clinicians should consider certain phar-
macokinetic variables given changes in fluid volumes, mus-
cle wasting, and body habitus due to ESRD [7]. Specific 
considerations for dialysis patients include protein binding 
(e.g., fluoxetine and its metabolite norfluoxetine are not 
removed by dialysis given its protein binging), fat solubility, 
and volume of distribution [101]. Most psychotropics are 
large fat-soluble molecules that are highly protein bound 
(e.g., haloperidol and sertraline) and hence not effectively 
reduced by dialysis. Lithium which is completely dialyzed 
needs a post-dialysis dose to maintain steady state. In addi-

tion, the percentage of drug renally cleared should be consid-
ered: if the medication is less than 30% renally cleared, then 
dose adjustments post dialysis are not necessary. Medications 
such as gabapentin and amantadine that are excreted 
unchanged as well as drugs with active metabolites (e.g., 
bupropion) that are renally cleared can accumulate in ESRD 
and should be avoided or used in smaller quantities.

Lithium is water soluble and completely dialyzable. 
Despite its deleterious renal effects, in carefully selected 
patients, lithium has been used for the treatment of bipolar 
disorder in patients receiving hemodialysis with specific 
monitoring of the blood levels [102, 103].

The important pharmacokinetic considerations for com-
monly used psychotropics are presented in Table 7.3. Also 
refer to the reviews by Baghdady et al. [104] and Eyler [101] 
for further details.

 Declining Dialysis

Initiation and withdrawal of dialysis are both important deci-
sions requiring careful considerations of prognostic out-
comes, the burden of treatment, and burden of managing 
illness without dialysis. Withdrawal of dialysis is a separate 
entity from suicide and euthanasia and is better characterized 
as a complex end-of-life decision [105] influenced by the 
quality of life, frailty, and medical futility. Crude mortality 
rates related to withdrawal of dialysis have increased over 
time across the United States from 3 per 1000 person-years 
in 1966 to 48.6 per 1000 person-years in 2010. In the United 
States, crude mortality rates preceded by dialysis withdrawal 
are higher in the older population and have increased over 
time in the age group of 65 and above. In this age group, the 
crude mortality rate from dialysis withdrawal was 89.4 per 
1000 person-years compared with 26.1 per 1000 person- 
years in the 50–64-year-old age group (2008–2010) [106].

Shared decision-making is an important construct allow-
ing patients to promote their values and balance ethical prin-
ciples of autonomy, beneficence, and non-maleficence.

Nephrologists are developing clinical protocols to address 
the cessation of RRT, which take into considerations the type 
of treatment, medical complications, psychiatric comorbidi-
ties, QOL, and family preferences [107]. The Renal 
Physicians Association and the American Society of 
Nephrology released a revised second edition of the guide-
lines for dialysis withdrawal [108]. It emphasizes relying on 
shared decision-making between the patient, family, and 
physicians, obtaining informed consent, estimating the prog-
nosis on dialysis, adopting a systematic approach for conflict 
resolution of disagreements, honoring advance directives, 
and ensuring the provision of palliative care. Most impor-
tantly, the guidelines note that the patient with decision- 
making capacity has the right to refuse dialysis, even if the 
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Table 7.3 Commonly used psychotropic medications and their pharmacokinetic considerations in dialysis [104]

Medications Renal clearance Effects of dialysis
Dose changes
required Other considerations Side effects

Selective serotonin 
reuptake inhibitors
Fluoxetine
Citalopram
Paroxetine

Elimination half-life of 
citalopram increases by 
35% and clearance 
decreases by 40%. 
Paroxetine drug exposure 
increased at lower 
creatinine clearance.

Highly protein bound. 
Not removed by 
dialysis.

No dose change for 
fluoxetine.
Use caution for 
citalopram. 
Paroxetine: start. low 
go slow.

Fluoxetine 
efficacious and well 
tolerated.
QT prolongation by 
citalopram.

Nausea, 
headache, may be 
confounded by 
uremia
Bleeding issues
Sexual 
dysfunction

Serotonin 
Norepinephrine 
Reuptake Inhibitors
Venlafaxine
Desvenlafaxine
Duloxetine

Venlafaxine and 
desvenlafaxine renally 
cleared and elimination 
half-life increased.
Duloxetine is also renally 
cleared.

Not removed by 
dialysis, dose 
supplementation not 
needed.

Decrease dose to half 
for venlafaxine per 
manufacturer. 
Desvenlafaxine not 
to exceed 50 mg 
every other day.
Duloxetine dosing 
information advises 
against use in 
patients with CrCl 
less than 30.

Useful in chronic 
pain, such as diabetic 
neuropathy.
Less muscarinic and 
histaminic compared 
to tricyclic 
antidepressants.
Avoid abrupt 
discontinuation.

Can increase 
blood pressure 
due to 
noradrenergic 
effects.

Trazodone
Vilazodone

No studies No studies US dosing 
information indicates 
no changes needed.

Hypotension

Tricyclic 
Antidepressants
Amitriptyline
Nortriptyline
Desipramine

Metabolites can 
accumulate

Conjugated metabolites 
are removed.
Nortriptyline, a 
metabolite of 
amitriptyline, is not 
removed.

Start low and 
monitor levels

Used for pruritus, 
insomnia, and 
depression. Not first 
line for treatment.

Dry mouth, 
weight gain, 
excessive 
sedation, 
hypotension, 
cardiac side 
effects

Bupropion Metabolites 
threohydrobupropion and 
hydroxybupropion can 
accumulate

Some clearance of 
bupropion and 
threohydrobupropion; 
none for 
hydroxybupropion

Decrease dose 
because of active 
metabolites

Most appropriate 
dose unknown but 
usually lower than 
that for healthy 
adults

Decreases seizure 
threshold

Mirtazapine 50% reduction in 
clearance in ESRD

85% protein bound.
Minimally removed by 
dialysis.

Yes, lower dosages 
given reduction in 
clearance

Has been used to 
treat uremic pruritus

Weight gain, 
sedation

Benzodiazepines Active metabolites are 
renally cleared

Highly protein bound. 
Not removed by 
dialysis.

50% lower dose for 
chlordiazepoxide.
Free drug 
concentration may be 
increased in dialysis 
patients.

Used to treat RLS 
and other sleep 
disorders.
Caution with p450 
3A4 inhibitors.

Cognitive and 
sexual side effects

Buspirone Increased serum levels of 
active drug and 
metabolites in CKD 
patients

Metabolites are 
removed but 
unpredictably

Use lower dosages Can be used for 
anxiolysis

Atypical 
antipsychotics

Risperidone and active 
metabolite both with 
reduced clearance in CKD

Not removed by HD Dose reduction 
needed for 
risperidone

Other atypicals have 
limited information 
but no change in 
pharmacokinetics 
noted

Careful dose 
titration and 
monitoring for 
side effects

First-generation 
antipsychotics

Not enough data, fewer 
concerns about 
accumulation

Highly protein bound No dose reduction 
needed

Phenothiazine can 
promote hypotension

Careful dosing in 
patients taking 
other 
QT-prolonging 
agents

Lithium Renal clearance declines 
proportionally to a 
threshold of 30 ml/min

Completely removed in 
dialysis

Dose reduction to 
avoid toxicity

Single post-dialysis 
dose to maintain 
steady state

Cardiovascular 
side effects, 
anemia, mineral 
bone disease
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team disagrees with the patient. On the other hand, if the 
patient or family demands dialysis in a situation where it is 
deemed not beneficial or may bring forth more harm, the 
physicians can refuse to initiate or to maintain dialysis [109].

Patients who wish to withdraw from dialysis must be 
evaluated for decision-making capacity as well as depression 
in order to understand motivations behind the decision to 
withdraw. The request to discontinue dialysis may come 
from a patient, the family, or both. Important considerations 
include the motivations and level of support of family mem-
bers [110].

 Conclusions
The number of people worldwide on renal replacement 
therapy as well as their length of survival with this ther-
apy are increasing. However, patients on dialysis face 
unique challenges of being dependent on a machine and 

experiencing loss of flexibility of schedule and societal 
roles. These patients face fatigue, depression, and anxiety 
at rates higher than the general population. Sleep and cog-
nitive disorders are frequent. Unfortunately, mental health 
issues in this population are underrecognized and under-
treated, leading to poorer quality of life and hence out-
comes. Once a diagnosis of a mental health condition has 
been made, treatment poses unique challenges given the 
change in the pharmacokinetics of renally cleared drugs 
as well as removal in dialysis. Suicide and its risk factors 
need to be addressed, while  withdrawal of dialysis under-
stood as a complex end-of-life decision, rather than an act 
of suicide. Joint decision-making between physicians and 
patients can help with decisions to commence or with-
draw dialysis to preserve patient autonomy, support their 
values, improve QOL, and achieve best possible 
outcomes.

Table 7.3 (continued)

Medications Renal clearance Effects of dialysis
Dose changes
required Other considerations Side effects

Antiepileptic
Carbamazepine
Oxcarbazepine
Valproic acid
Gabapentin

Carbamazepine: 
metabolites renally 
cleared.
Oxcarbazepine: renally 
excreted.
Minimal renal excretion 
for valproic acid.
Gabapentin renally cleared 
with dose- dependent 
toxicity.

20–50% carbamazepine 
removed by dialysis but 
post-dialysis dose not 
needed

None needed for 
carbamazepine.
Oxcarbazepine 
requires a 50% dose 
reduction.

Monitor sodium 
levels on 
carbamazepine. 
Oxcarbazepine can 
cause hyponatremia.

20% valproic acid 
removed by dialysis

Gabapentin 200 to 
300 mg single dose 
after dialysis

Gabapentin extracted 
35%

NMDA antagonists*
Amantadine
Memantine

Amantadine and 
memantine excreted 
renally, unchanged

Amantadine is highly 
protein bound and not 
dialyzed

Dose reduction for 
amantadine per 
package insert, 
contraindicated if 
CrCl less than 15.
Package insert for 
memantine suggests 
dose halved for CrCl 
of 5–29 mL/min.

Myoclonus

Acetylcholinesterase 
inhibitors*
Rivastigmine
Donepezil

Rivastigmine 97% renally 
excreted.
Donepezil 57% renally 
excreted, 17% unchanged.

Rivastigmine 40% 
protein bound, not 
dialyzable.
Donepezil 96% protein 
bound, dialyzability 
unknown.

Per package insert 
for GFR less than 50, 
use lower dosages of 
rivastigmine.

Stimulants*
Modafinil
Methylphenidate
Dextroamphetamine

Methylphenidate 78–97% 
renally excreted.
Renal excretion for 
dextroamphetamine 
dependent on pH.

Methylphenidate 
10–33% protein bound.
Dialyzability not 
established.

No dose adjustment 
needed

Antihistamines*
Hydroxyzine

Only 0.8% of the dose is 
renally excreted

Metabolite cetirizine 
not dialyzed

Reduce dose to avoid 
metabolite 
accumulation

Anticholinergic 
side effects
QT prolongation

Medications with * information from package inserts
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History of Renal Transplantation

John D. Scandling

 Introduction

Transplantation has held human imagination for millennia. 
Twins Cosmas and Damian, patron saints of medicine and 
transplantation, were early Christians who practiced medi-
cine, and refused payment, in the Roman province of Syria. 
Around the turn of the fourth century, they were martyred, 
along with their three brothers, under the persecution of the 
Roman emperor Diocletian. In the early sixth century, Pope 
Felix IV dedicated the Basilica of Saints Cosmas and 
Damian, located on the Roman Forum in what was the 
Temple and Library of Peace, where the physician Galen lec-
tured during the second century. In the mid-fifteenth century, 
the miraculous transplantation of a deacon, Justinian, was 
depicted by Fra Angelico in a small painting in the predella 
of the altarpiece in the Convent San Marco, Florence 
(Fig.  8.1). The saints are shown transplanting a donor leg 
from a deceased black man, replacing the diseased leg of 
Justinian, a white man.

Transplantation has long been a prominent interface of 
medicine and ethics. The miracle of the saints illustrates one 
of the first ethical inquiries at that interface, the use of a body 
part from one to save another.

 Early Twentieth Century

Experimental transplantation dates to the turn of the twentieth 
century and was centered in Europe. The work of Alexis 
Carrel, a future Nobel Prize winner (1912), in technique of 
vascular anastomosis, made transplantation technically pos-
sible [1]. In 1902, experimental kidney transplantation was 
first attempted by Emerich Ullmann in Vienna, including 
autotransplantation (i.e., donor is the recipient) and allotrans-

plantation (i.e., donor is genetically dissimilar to the recipient 
but of the same species) in the dog and xenotransplantation 
(i.e., donor is of a different animal species) in a dog from a 
goat [2]. That year Ullmann also attempted xenotransplanta-
tion in a human, using the kidney of a pig, but failed due to 
technical difficulty and the anesthetic death of the donor ani-
mal [3]. In 1906, experimental kidney transplantation was 
done in humans, using xenografts (from pig and goat), in 
Lyon by Mathieu Jaboulay, one of Carrel’s teachers [4]. In 
1933, the first human kidney transplant using an allograft 
from a non-heart beating deceased donor was performed by 
Yurii Voronoy in Ukraine [5]. He went on to perform another 
five deceased donor kidney transplantations. Voronoy was the 
first to place the transplant kidney in the thigh with anastomo-
ses to the femoral vessels, but this was not known to the world 
until some years later. During the 1930s, attention also turned 
to organ preservation, as Charles Lindbergh, the famed avia-
tor, and Carrel collaborated to design a pulsatile pump to sus-
tain organs for transplantation in  vitro with perfusion fluid 
designed by Carrel [6].

The first “successful” human kidney transplant using a 
non-heart-beating deceased donor allograft occurred in 
Boston in 1945, performed by Ernest Landsteiner and 
Charles Hufnagel [7]. The transplant kidney was extracorpo-
real and anastomosed to the brachial vessels. The transplant 
was successful in that the recipient, a young woman, sur-
vived, as urine output of the native kidneys resumed within 
hours of the transplantation. However, the transplant kidney 
excreted little urine and was removed after 48 hours.

 Postwar Revival

Following World War II (WWII), experimental work in clini-
cal transplantation took hold on both sides of the Atlantic as 
treatment for both acute kidney injury and presumed end- 
stage kidney disease. Dialysis as treatment for kidney failure 
was in its infancy, so there was no alternative for kidney 

J. D. Scandling  
Division of Nephrology, Department of Medicine,  
Stanford University School of Medicine, Stanford, CA, USA
e-mail: jscand@stanford.edu

8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_8&domain=pdf
mailto:jscand@stanford.edu


104

replacement therapy. There was a series of kidney transplants 
using deceased donor allografts performed in both Europe 
and North America in the early 1950s, without immunosup-
pression and with survival of only days to perhaps a few 
weeks, when the allografts succumbed to rejection. The 
extraperitoneal, pelvic placement of the transplant kidney 
originated during this time, an approach advanced by Rene 
Kuss in France [8]. Kuss eventually concluded that given the 
experience of these early attempts and the emerging under-
standing of immune response, “the only rational basis for 
kidney replacement would be between monozygotic twins.”

The first live donor transplant, from a mother to son, was 
done in late December 1952, at the Necker Hospital in Paris 
by a team led by Jean Hamburger (who is thought to have 
coined the term nephrology) [9]. The kidney functioned ini-
tially, before its loss to rejection at 3 weeks.

The first truly successful kidney transplant was performed 
in late December 1954 at Peter Bent Brigham Hospital in 
Boston, between identical twins (Fig. 8.2) [10]. This trans-
plantation illustrated that a donor organ could function nor-
mally in the recipient. The Brigham team was led by John 
Merrill, who is considered a father of American nephrology. 
(Nephrology was not a developed subspecialty of internal 
medicine at the time.) The donor surgeon was a urologist, 
J.  Hartwell Harrison. The recipient surgeon, a plastic sur-
geon, Joseph Murray, was awarded the Nobel Prize in 1990 
(he was the sole survivor of the original team; Nobel Prizes 
are not awarded posthumously). The transplantation was 
between 23-year-old identical twins, Ronald (donor) and 
Richard (recipient) Herrick. Richard died of a myocardial 
infarction complicating apparently recurrent kidney disease 
8 years later. Ronald died in 2010, at age 79, after years of 

Fig. 8.1 Healing of Deacon 
Justinian, 1438–1443, Fra 
Angelico

Drs. Joseph Murray (1919–2012), John P. Merrill (1917–1984)
and J. Hartwell Harrison (1909–1984) Richard Herrick (recipient,

1931–1963) and Ronald Herrick (donor, 1931–2010) 

Fig. 8.2 The participants in the world’s first successful kidney trans-
plantation, performed in December 1954
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dialysis. Successful transplants performed through the 
remainder of the 1950s were between identical twins.

Paralleling the clinical experiment in kidney transplanta-
tion were advances in understanding human immunology. 
WWII had prompted investigation in skin grafting to treat 
burns. (Indeed, this was Murray’s initial interest in transplan-
tation.) The humoral mechanism of rejection of skin grafts, 
which had been hypothesized for some time, was furthered 
by the work of Thomas Gibson and Peter Medawar [11]. Ray 
Owen’s discovery of red blood cell chimerism and immune 
tolerance in fraternal twin cattle [12], the theory of acquired 
immune tolerance of F.M. Burnet [13], and the experimental 
work of Rupert Billingham, Leslie Brent, and Medawar in 
acquired tolerance in chimeric neonatal mice [14, 15] pro-
vided the foundation of investigation in organ transplant tol-
erance, the “Holy Grail” of transplantation. Burnet and 
Medawar were awarded the Nobel Prize in 1960.

The roots of matching donor and recipient by tissue type 
date to 1958, when human leukocyte antigens (HLAs) were 
identified by Jean Dausset, another future Nobel Prize win-
ner (1980), of the Paris team [16]. An underappreciated 
investigator in early HLA identification and its immunologic 
importance was Rose Payne of Stanford [17]. The early 
understanding of HLA underpinned progress in transplanta-
tion in France, as the Necker Hospital team focused on tissue 
typing as the key to successful transplantation.

 Nonidentical Twin Transplantation

Since the early years of the twentieth century it was known 
that radiation had immunosuppressive properties, and in the 
1950s radiation was being used for treatment of hematologic 
malignancy. In 1958, total body irradiation to prevent rejec-
tion was introduced in nonidentical twin transplantation, first 
in Boston and then in Paris [18–20]. This success with an 
immunosuppressive treatment opened the door to transplan-
tation beyond identical twins. Rapid development and 
prompt use of immunosuppressive drugs soon followed, with 
cyclophosphamide and 6-mercaptopurine (6-MP) in the 
United Kingdom and corticosteroid in the United States. 
Azathioprine, the prodrug of 6-MP, was first used in Boston 
in 1962 by Murray and Roy Calne, who conducted the pre-
clinical work in a dog in the United Kingdom. This resulted 
in the first successful deceased donor kidney transplantation, 
defined by recipient survival exceeding a year [21]. In 1963, 
Thomas Starzl, the first to perform clinical liver transplanta-
tion, introduced the use of combined therapy with azathio-
prine and corticosteroid to kidney transplantation [22]. The 
success of this combined regimen encouraged the develop-
ment of transplant programs across the United States [23], 
and the regimen became the standard for the next two 
decades. During this time there was also a short revival of 
xenotransplantation, with a nonhuman primate as the donor. 

Keith Reemtsma and colleagues achieved some short-term 
success in this endeavor, with recipient survival of days and 
up to 9 months in one case [24]. Given the limited supply of 
human organs for transplantation, xenotransplantation is 
considered by many to be the future of transplantation 
despite its immunologic challenge, risk of transmission of 
zoonoses, and potential ethical concerns.

 Clinical Application

Due to the development of clinically applicable immunosup-
pression, the 1960s brought rapid expansion of kidney trans-
plantation to medical centers across the United States. 
Chronic dialysis was in its infancy and not readily available 
due its technical demand and expense. It was a harrowing 
time. Transplantation was the only viable treatment for end- 
stage kidney disease, causing all effort directed to success of 
the transplant. Unfortunately, patients would commonly 
 succumb to kidney failure as a consequence of rejection 
or  infection as a consequence of immunosuppression. 
Nonetheless, some met with success, and some have lived 
decades thereafter with functioning transplant kidneys.

The 1960s brought greater understanding of transplant 
rejection and its mechanisms. Hyperacute rejection, wherein 
the transplant kidney is rejected immediately as a conse-
quence of pre-existing antibody in the recipient, often during 
the transplant surgery, came to be recognized and was well 
described in 1968 [25]. This observation was corroborated 
by the work of Paul Terasaki in 1969, instituting crossmatch 
testing between potential donor and intended recipient as 
essential to transplantation [26]. Terasaki had earlier devised 
a microdroplet lymphocytotoxicity test, which was quickly 
adopted as the international standard for tissue typing [27].

 The Cyclosporine Era

The 1970s saw continuation of the rapid development of 
immunosuppressive drugs that began a decade earlier. The 
most notable drug developed was cyclosporine, a calcineurin 
inhibitor, which would revolutionize the field and truly open 
the door to transplantation of organs other than the kidney. 
Cyclosporine was isolated from a soil fungus in 1970. Within 
2 years its immunosuppressive properties were appreciated. 
By 1978 clinical trials of cyclosporine in transplant centers 
in the United States and Europe were begun. It was released 
for use in the United States in late 1983.

Cyclosporine is a drug with a narrow therapeutic window, 
frequently resulting in over- and under-immunosuppression. 
Indeed, there was no improvement in transplant kidney sur-
vival in the United States in the first 2 years after its release, 
due to the challenge of its use. Later in the decade, “triple 
immunosuppression,” consisting of cyclosporine, azathio-
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prine, and  corticosteroid, and resulting in improved efficacy 
and safety, became the standard maintenance immunosup-
pression regimen.

Muromonab-CD3, the first monoclonal antibody, was 
created in 1976 and released in the United States in 1986 
after its clinical utility was first reported in 1981. It would 
supplant antilymphocyte antibody preparations, a number of 
which had been developed in the 1960–1970s, and was the 
cornerstone of induction therapy for the next decade. 
(Induction therapy is given during the first days to week after 
transplantation, particularly to those recipients at increased 
risk for acute rejection.)

Understanding and knowledge of transplant immunology 
continued to grow. The “transfusion effect” was first 
described in 1973 [28], and “donor-specific” transfusion 
effect in living donor transplantation was described in 1980 
[29]. This led to the purposeful blood transfusion of both 
deceased donor and living donor transplant candidates, as 
those who received transfusions were found to have greater 
acceptance of the transplant kidney. Early on after the intro-
duction of cyclosporine, it was found that there was no trans-
fusion effect with its use. Consequently, intentional 
transfusion of transplant candidates ceased and is now 
avoided, to reduce risk of HLA sensitization, a barrier to 
transplantation. (HLA sensitization limits access to trans-
plantation by reducing the pool of potential donors for a 
transplant candidate. HLA sensitization occurs through 
blood transfusion, pregnancy, and transplantation.) The 
advent of epoetin in 1989 for treatment of the secondary ane-
mia of end-stage kidney disease greatly enabled the restric-
tion of blood transfusion in transplant candidates.

Knowledge of histocompatibility continued to advance 
during the 1970s, such that the overall structure of the HLA 
system was identified. Matching for HLA-DR loci, which 
are present on B cells but not T cells, was introduced to clini-
cal transplantation in 1978. Matching for DR improved 
transplant kidney survival [30].

The 1970s brought the institution of chronic dialysis as a 
viable treatment for end-stage kidney disease in the United 
States. In 1972 Congress, following years of advocacy by the 
National Kidney Foundation, an organization with roots to 
1950, passed legislation that began Medicare funding for the 
treatment of end-stage kidney disease. No longer did a 
patient have no alternatives other than transplantation or 
death. With the available backup of dialysis, no longer did 
the transplant kidney have to be saved at all costs.

Further national interest and support of transplantation 
followed. In 1980, brain death was established as an alterna-
tive definition of biological death (the commonly accepted 
definition being total failure of the cardiorespiratory system), 
by the Uniform Determination of Death Act drafted by the 
National Conference of Commissioners on Uniform State 
Laws [31]. The Act was approved by both the American 

Medical Association (1980) and the American Bar 
Association (1981) and subsequently codified by all US 
states and the District of Columbia. Adoption of this Act 
across the country enabled the coming growth of deceased 
donor kidney transplantation, and the establishment of heart 
and liver transplantation, allowed by the new immunosup-
pressive drug, cyclosporine.

In 1984, the US Congress passed the National Organ 
Transplant Act, which outlawed payment for human organs 
for transplantation [32] (See Chap. 2 for further details). 
Additionally, the Act charged the Secretary of Health and 
Human Services with the creation of a Task Force on Organ 
Procurement and Transplantation to oversee transplantation. 
The Act also established the Organ Procurement and 
Transplantation Network to unite the nation’s organ procure-
ment organizations and transplant centers in their work in 
deceased donor organ retrieval and allocation. Since its 
inception, management of the OPTN has been contracted to 
the United Network for Organ Sharing (UNOS), based in 
Richmond, Virginia, and the successor to the South-Eastern 
Organ Procurement Foundation founded in 1975. This legis-
lation also resulted in the creation of the Scientific Registry 
of Transplant Recipients, a publicly available guide to all US 
organ procurement organizations and organ transplant cen-
ters (www.srtr.org).

 An Expanding Pharmacopeia  
(and the Age of Generics)

Tacrolimus, the second calcineurin inhibitor, was approved in 
the United States for liver transplantation in 1994 and for kid-
ney transplantation in 1997. Within a decade it had supplanted 
cyclosporine as the cornerstone immunosuppressant in kidney 
transplantation. This occurred despite the release of modified 
cyclosporine in 1995, which greatly improved cyclosporine’s 
bioavailability and thus reliability. Mycophenolate mofetil, a 
more specific antimetabolite, was also released in the United 
States in 1995 and over a number of years came to replace 
azathioprine. In 1998, two anti- CD25 monoclonal antibodies 
that inhibit interleukin-2, the humanized daclizumab and the 
chimeric basiliximab, were released. Within a year muro-
monab-CD3 as induction therapy was replaced by these two 
new drugs, due to their efficacy and greater safety and toler-
ability. However, daclizumab is no longer available, and in 
the United States, the use of basiliximab for induction therapy 
has now largely given way to rabbit antithymocyte globulin. 
The year of 1999 saw the release of a drug with a new mecha-
nism of immunosuppressive action, inhibition of the mam-
malian target of rapamycin (mTOR). This drug is sirolimus, 
also known as rapamycin. Sirolimus holds appeal because it 
is not nephrotoxic and consequently has been studied repeat-
edly as an alternative to the calcineurin inhibitors. However, 
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its efficacy and safety profiles have limited its use. A second 
mTOR inhibitor, everolimus, is available, but it is not in com-
mon use.

The Achilles heel of the calcineurin inhibitors is their 
nephrotoxicity, albeit seemingly a greater risk with cyclo-
sporine than with tacrolimus. Given the pace of new drug 
development in transplantation during the 1990s, the antici-
pation was that a newer, safer drug would be developed with 
time, but this has not happened. Two drugs with new mecha-
nisms of action and early promise, fingolimod (now used in 
treatment of multiple sclerosis) and tofacitinib (now used in 
treatment of rheumatoid arthritis), were not advanced for use 
in transplantation, the former due to safety concerns and the 
latter due to a business decision of the pharmaceutical com-
pany. Akin to sirolimus in that it is not nephrotoxic, belata-
cept, released in 2011 and a blocker of T-cell costimulation, 
is in use in maintenance immunosuppressive regimens 
designed to minimize and replace the calcineurin inhibitors. 
However, again akin to sirolimus, its efficacy and safety pro-
files, as well as the logistics of its parenteral administration, 
have limited its use.

The drugs now in common use for maintenance immuno-
suppression are now available in generic formulation. Generic 
cyclosporine was approved in 2000, and generic tacrolimus 
and mycophenolate mofetil were approved in 2009. Thus, the 
three primary drugs, tacrolimus, mycophenolate mofetil, and 
prednisone, are all now available as generics. With 1-year 
transplant kidney survival rates in the United States now at 
95%, the bar to clear for entry of a new drug into the field is 
set very high. Future immunosuppressive drug development 
in transplantation is seemingly a victim of success.

These drugs have relatively narrow therapeutic windows. 
Thus, their use is challenging. There is no substitute for clini-
cal experience in transplant medicine, as much of their use in 
practice remains art not science.

 The Current State and Challenges  
in Kidney Transplantation

It was not until 1999 that kidney transplantation was defi-
nitely shown to be superior to dialysis as kidney replacement 
therapy (Fig.  8.3). Risk of death with transplantation was 
shown to be up to threefold greater in the first 100 days fol-
lowing transplant surgery but then fell to less than that in the 
comparator group, transplant candidates who did not undergo 
transplantation. Consequently, transplantation on average 
doubles life expectancy when compared to maintenance dial-
ysis. This survival advantage has been shown to hold true in 
higher-risk transplant subgroups, including African 
Americans, older recipients (transplant recipients in the 
United States are on average almost two decades younger 
than dialysis patients), and those who receive organs from 

less than optimal donors (recipients of organs from “expanded 
criteria” donors).

The success of transplantation has continued to advance 
over the last two decades, such that there are now over 
200,000 recipients alive with functioning transplant kidneys 
in the United States. One-year transplant kidney survival is 
95%. Ten-year transplant kidney survival is 50% for deceased 
donor recipients and over 60% for living donor recipients 
(and 75% for HLA-matched living donor recipients) 
(Fig. 8.4). The primary cause for the loss of a transplant kid-
ney in the long term is death, an undesired cause as it reflects 
the lesser life expectancy of patients with end-stage kidney 
disease, but a desired cause for many patients because they 
do not want to return to life on maintenance dialysis.

The present-day success of transplantation is a reflection 
of improvements in organ retrieval, preservation, and  sharing, 

4.00

2.84

1.00

0.32

0.25
0 106 183 244

Days since transplantation

R
el

at
iv

e 
ris

k 
of

 d
ea

th

365 548

Risk
equal

Survival
equal

Fig. 8.3 Relative risk of death following first deceased donor kidney 
transplant, United States, 1991–1996. (From Wolfe et al. [34])

0

10

20

30

40

50

60

70

80

90

100

HLA-matched
living donor

Living donor Zero-mismatch
deceased donor

Deceased
donor

Fig. 8.4 Actuarial 10-year transplant kidney survival in US recipients 
transplanted during years 2005–2007. An HLA-matched living donor 
can only be a sibling. A zero-mismatch deceased donor does not have 
an HLA epitope against which the recipient has a preformed antibody. 
Based on OPTN data as of January 26, 2018. This work was supported 
in part by the Health Resources and Services Administration contract 
234-2005-37011C. The content is the responsibility of the author alone 
and does not necessarily reflect the views or policies of the Department 
of Health and Human Services, nor does mention of trade names, com-
mercial products, or organizations imply endorsement by the US 
Government.

8 History of Renal Transplantation



108

in transplant surgical technique, in histocompatibility (a field 
of rapid evolution), and in immunosuppressive drugs. 
Transplant success also requires attentive surveillance; virtu-
ally all transplant centers now have specialized teams dedi-
cated to the management and coordination of the multiple 
steps involved.

Since its description over two decades ago, the minimally 
invasive (laparoscopic) approach has become the standard liv-
ing donor surgery. Without question, this has greatly improved 
donor recovery and perhaps fueled an increase in donation, 
but growth in living donor transplantation has stagnated over 
the last decade. There are now 5000-6000 living donor trans-
plants annually in the United States. Smaller families, the 
aging population, and the all-important responsibility to donor 
safety are likely factors contributing to the plateau. Immediate 
family members were the traditional donors, but nowadays as 
many as half of living donors are not blood relatives.

So, it is a good time to be transplanted. But there are chal-
lenges. Demand far outstrips organ supply, resulting in the 
United States in an average waiting time of 4  years for 
deceased donor transplantation. The deceased donor pool 
has been relatively static for over a decade. Adopting 
 “presumed consent” for deceased donation, which has 
resulted in an increase in donation in other countries, is 
unlikely in the United States. The living donor pool has also 
been static over the last decade, despite the growth of donor 
exchange. Expansion of the human organ donor pool has 
limits and would still not meet demand, fueling continued 
experimentation in xenotransplantation, which many con-
sider the future of transplantation, and now organogenesis.

While most kidney transplant recipients enjoy excellent 
short- and intermediate- term success, improving long-term 
transplant kidney survival has proven stubborn. There are a 
number of threats. The primary threat is death as a conse-
quence of extrarenal cause, whether a consequence of immu-
nosuppression, the immunosuppressive drugs, or otherwise 
(chronic kidney disease carries and contributes to comorbidi-
ties already present at transplantation). A second threat is the 
toll of histoincompatibility over time, resulting in transplant 
organ loss to chronic rejection. A third threat is the contra-
dictory use of a class of nephrotoxic drugs, the calcineurin 
inhibitors, as the primary immunosuppressants. A threat in 
the longer term is recurrent disease, usually a glomerulone-
phritis but also diabetic nephropathy. Recurrent glomerulo-
nephritis is particularly vexing. De novo diabetic nephropathy 
is becoming more prevalent, due to post-transplant diabetes 
mellitus. A final category of threat to long-term success is 
socioeconomic. This is most evident in younger transplant 
recipients given the greater risk of nonadherence in the sec-
ond (teenage) and third (twenty-something) decades. The 
immunosuppressive drugs are expensive; inadequate medi-
cal insurance can lead to medication nonadherence at any 
age. Complete rehabilitation following transplantation, with 

return to full engagement in work and personal life, can be a 
challenge. For some, moving from the medically insured and 
social safety net of the dialysis unit to the relative freedom of 
transplantation is difficult.

Federal regulatory oversight came to transplantation in 
the United States in the 1980s and has increased over the 
ensuing decades. Regulation initially pertained to deceased 
donor transplantation, directed at systematic organization of 
organ retrieval, and justice and utility in organ allocation. It 
has been an evolutionary process, responding to both public 
and professional input, and now encompassing living donor 
transplantation as well. The regulatory environment has 
arguably resulted in transplantation being the most transpar-
ent of medical disciplines. All US transplant centers are 
required to submit data on all transplantations to the federal 
agency with oversight responsibility. The data are collated, 
analyzed, and reported on a semiannual basis in transplant 
program-specific reports (www.srtr.org). While most would 
agree that this transparency has been for the good, some 
argue that it has resulted in risk aversion, manifest as reduced 
use of higher-risk donor organs and reduced access for high- 
risk transplant candidates, and is a threat to innovation.

Short of solving the overarching challenge of organ short-
age, there is opportunity in the nearer term for improvement 
that may extend transplant life. Areas of focus include 
ischemia- reperfusion injury, immune monitoring, and 
immune tolerance. Ischemic-reperfusion injury is a stubborn 
problem, resulting in delayed function of the transplant kid-
ney in approximately 25% of deceased donor transplants, 
measured as need for supportive dialysis during the first 
week following transplantation. This injury compromises 
both function and survival of the transplant kidney over time. 
Immune monitoring holds great appeal to transplant recipi-
ents and physicians alike, as reliable biomarkers could theo-
retically allow true tailoring of the immunosuppressive drugs 
to avoid over- and under-immunosuppression, an attractive 
goal in this nascent era of precision medicine. Immune toler-
ance, wherein transplantation is successful without need for 
long-term maintenance immunosuppression, is becoming 
reality in a small number of clinical trials. Advances in all 
these areas should extend transplant life, perhaps even 
achieving the laudable goal of “one transplant for life” [33].
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Medical Course and Complications  
After Renal Transplantation

Aleah Brubaker, Dan Stoltz, and Amy Gallo

 Introduction

Kidney transplantation can be life changing for many 
patients. As medical and surgical care has evolved, the pre-
operative, perioperative, and postoperative course can be 
fairly predictable and standardized for most patients. 
However, complexities remain as multifactorial details deter-
mine outcomes in each particular case. Varying donor and 
recipient factors influence a patient’s course tremendously. 
Serious complications are rare but can be devastating when 
they occur, both medically and psychologically. Successful 
transplantation requires frequent evaluation and meticulous 
attention to details, often making patients feel that they have 
traded one disease for another. This chapter outlines the fun-
damentals of kidney transplantation including pre-transplant 
factors that play a role in the postoperative management, 
specifics of the transplant hospital course, and a typical out-
patient medical regimen.

 The Kidney Transplant

 Scheduling the Transplant

In the majority of kidney transplants, the medical course 
begins without warning when a suitable deceased donor 
organ becomes available. Frequently the potential recipient 
receives a phone call in the middle of the night after waiting 
8 or more years, with less than three total appointments with 
the transplant center, and is told to pack their belongings to 

relocate for months. Once admitted, if a donor organ does 
not meet the expectations extrapolated from the donor  history 
or provided by the donor surgeon, the transplant team will 
ask the candidate to return home until another more suitable 
offer becomes available.

Living donor kidney recipients have more preparation time 
but can also be plagued by false starts depending on lab varia-
tions or common colds that increase operative risk factors and 
subsequently require rescheduling. Ideally a transplant center 
optimized both the donor and recipient for the elective surgery. 
If a recipient has a living donor that is incompatible, the pair 
may enter a national kidney swap where a recipient can acquire 
another living donor kidney in exchange for their incompati-
ble living donor kidney. In reality, this is often a chain of trans-
plants traveling throughout the United States. If a single 
recipient or donor within the chain has a complication halting 
the transplant, all transplants are often canceled.

This process can be psychologically difficult and tiring 
for patients. Long wait times, repeated phone calls to check-
 in for a potential donor, and the hope that a chain donation 
will come to fruition can all lead to mental exhaustion for 
patients that are very hopeful for transplantation to be their 
answer to daily dialysis.

 Donor Quality

On average, a deceased donor kidney has a half-life of 
12 years [1], but each individual deceased donor kidney may 
have a different expected survival based on donor character-
istics. The Kidney Donor Profile Index (KDPI) is a value 
assigned to a deceased donor kidney to summarize its qual-
ity compared to other offered grafts. The KDPI is based on 
the Kidney Donor Risk Index (KDRI), ten characteristics 
that help to predict the risk of graft failure (Table 9.1). KPDI 
scores range from 1% to 100%, with higher scores indicat-
ing greater graft failure risk and decreased graft longevity. A 
kidney with a score of 99% has a graft failure risk greater 
than 99% of all kidney donors recovered the year prior and a 
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25.9% 8-year survival rate. Comparatively, a score of 1% 
has a graft failure risk greater than only 1% of recovered 
kidneys and with a 72.2% 8-year survival. While the KDPI 
is a helpful tool to access organs, other donor details, ana-
tomic variations, and organ visualization provide additional 
valuable information about a particular kidney.

 Surgery

A kidney transplant is a major operation, lasting approxi-
mately 3 hours. From initiation of general anesthesia, place-
ment of adequate intravenous access, and a Foley catheter 
into the bladder, the total operative time is about 5 hours. The 

donor kidney has three major connections to the recipient, 
the artery, vein, and ureter (Fig.  9.1). In adult transplant 
recipients, the vascular connection is commonly to the exter-
nal iliac artery and vein. A sutured anastomosis connects the 
donor ureter to the recipient bladder for drainage.

 Ceasing Dialysis

Patients routinely have the expectation that they will cease 
dialysis post-transplantation. However, 57% of deceased 
donor kidney transplants result in delayed graft function 
(DGF) [2]. The definition of DGF is the requirement of dial-
ysis during the first week following transplant. The majority 
of transplant recipients with DGF will require dialysis for 
weeks to months but will eventually cease dialysis. However, 
approximately 10% will remain with primary graft non- 
function (PNF). Organ cold times, or the time the organ is on 
ice, donor quality, and recipient factors are the most common 
explanations for DGF or PNF. Patients with PNF out to three 
months’ post-transplant can reclaim their accumulated pre-
transplant waiting times for re-listing, but they must remain 
on immunosuppression, unless they undergo a transplant 
nephrectomy.

 Postoperative Course

 Immunosuppression

Details of immunosuppression regimens are often center- 
specific, but the majority of patients undergo induction 
immunosuppression followed by maintenance immunosup-
pression. Immunosuppression regimens are also tailored 
based on each patient’s risk stratification. High-risk patients, 
including those with multiple human leukocyte antigen 
(HLA) mismatches, high panel reactive antibody (PRA), 
positive donor-specific antibodies (DSA), prolonged cold 
ischemia time, African-American ethnicity, young recipients 
of older donor organs, and blood group incompatibility, may 
undergo more intensive induction and/or maintenance regi-
mens [3]. Induction immunosuppression acts to depress the 
immune system more dramatically, is started during or 
immediately following transplant to prevent early acute 
rejection, and allows for reduction in maintenance medica-
tions. Common induction agents include antithymocyte 
globulin (ATG), rituximab, intravenous immunoglobulin 
(IVIG), basiliximab, and high- dose glucocorticoids.

Maintenance immunosuppression is generally long-term 
immunotherapy to minimize graft rejection and prevent 
allograft loss. This must be delicately balanced with toxicity, 
infection, and malignancy that can occur if dosing is suprath-
erapeutic or overall immunosuppression burden is too high. 
Typical regimens include a calcineurin inhibitor (i.e., cyclo-

Table 9.1 Donor characteristics that are used to calculate KDRI

Age
Height
Weight
Ethnicity
History of hypertension
History of diabetes
Cause of death
Serum creatinine
Hepatitis C virus status
Donation after circulatory death (DCD) status

2

1

3

Fig. 9.1 An illustration of a kidney transplant incision, the three typi-
cal surgical anastomoses and the order in which they are performed: (1) 
the donor renal vein to the recipient external iliac vein, (2) the donor 
renal artery to the recipient external iliac artery, (3) the donor ureter to 
the recipient bladder
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sporine, tacrolimus), an antimetabolite (i.e., mycophenolate 
mofetil, azathioprine), glucocorticoids (e.g., prednisone), 
and mammalian target of rapamycin (mTOR) inhibitors (i.e., 
sirolimus, everolimus). Calcineurin inhibitors (CNIs) can be 
nephrotoxic at high doses. Additional side effects include 
headache, altered mental status, insomnia, tremor, diabetes, 
diarrhea, emesis, alopecia, and hypertension. Antimetabolites 
cause dose-related bone marrow suppression, persistent diar-
rhea, abdominal cramping, nausea, and hepatitis. 
Glucocorticoids are known to cause a variety of side effects 
when used for an extended duration, such as osteoporosis, 
hypertension, cardiac remodeling, hyperlipidemia, and dia-
betes. Some centers attempt to use reduced doses or wean 
completely off glucocorticoids to minimize these effects. 
mTOR inhibitors are less common as first-line agents in 
maintenance immunosuppression regimens as they interfere 
with wound healing, but are often used for patients that 
develop CNI toxicity or intolerance.

Particularity important for non-transplant providers car-
ing for transplant recipients is understanding medication 
interactions. For neurologists and psychiatrists, anticonvul-
sants including barbiturates, carbamazepine, and phenytoin 
induce hepatic clearance and reduce CNI levels. mTOR 
inhibitors may mildly affect aripiprazole and clozapine. St. 
John’s wort can decrease everolimus concentrations, and 
concomitant use is not recommended. These interactions are 
further discussed in Chap. 42.

 Immediate Postoperative Complications

 Bleeding and Hemorrhage
As with all operations, bleeding and hemorrhage can 
occur after renal transplantation. Inadequate hemostasis in 
the setting of uremia can cause ongoing bleeding. A less 
common etiology for postoperative bleeding is fracture of 
the allograft parenchyma. This can occur due to allograft 
swelling secondary to acute rejection. As the transplanted 
kidney is usually placed in the retroperitoneum, bleeding 
is usually limited by the size of the retroperitoneal space. 
Patients will complain of flank pain and may have a brisk 
hematocrit drop. If there is significant compression of the 
kidney, they may present with normotension or hyperten-
sion, rather than the expected hypotension. Evacuation of 
the hematoma is necessary if there is significant graft 
compression, evidence of graft compromise, or infection 
[4, 5].

 Vascular Complications
Arterial or venous thrombosis is much less common, but can 
cause serious graft compromise in the early postoperative 
period. The most common cause of inflow or outflow obstruc-
tion is kinking of the vascular pedicle due to graft position. 
Technical anastomotic errors and clamping can also cause 

intraluminal narrowing or thrombosis. Arterial thrombosis 
may also be secondary to acute rejection. A brisk decline in 
urine output in a patient that was previously diuresing well 
should be an early clue to an inflow or outflow problem. 
Patients may also develop hematuria, graft pain, and increas-
ing serum creatinine. Duplex ultrasound can help in diagno-
sis. Rapid surgical correction is usually required to preserve 
the graft [4]. Occasionally, patients may develop iliofemoral 
thrombosis without extension into the renal vein. This can be 
treated as a standard deep venous thrombosis with 
anticoagulation.

 Urologic Complications
Following renal transplant, 2–9% of patients may develop 
urinary obstruction and 1–5% may develop a urine leak 
[4]. Urinary obstruction is most often related to poor vas-
cular supply at the ureteroneocystostomy, eventually lead-
ing to stricture and discussed in more detail below. 
Obstruction may also be related to kinking from graft 
position or compression from a perinephric fluid collec-
tion, requiring either surgical repositioning, surgical 
drainage, or radiologic  drainage. Patients with a urine leak 
will often present with swelling and pain within the first 
week following transplant. Urine leak in the early postop-
erative period is related to a technical failure at the ure-
teroneocystostomy. Diagnosis is made by sampling the 
surgical drain fluid and testing fluid creatinine. Fluid cre-
atinine higher than serum creatinine is diagnostic. If the 
surgical drain was not placed or has been removed, image-
guided fluid sampling by interventional radiology can be 
performed.

 Lymphocele
Division of the recipient’s lymphatics overlying the iliac 
vessel occurs routinely during renal transplant. Lymphatic 
leaks leading to a lymphocele can occur in upward of 18% 
of transplant recipients [4] and only require intervention if 
they are symptomatic (e.g., compression, pain). Simple 
aspiration is associated with high rates of recurrence. 
Definitive management requires drainage in conjunction 
with sclerotherapy or surgical marsupialization. 
Sclerotherapy uses chemical irritation, often ethanol, to 
collapse or scar the lymphatics. Marsupialization is the 
more commonly used approach, where the lymphocele is 
laparoscopically located from the abdominal cavity, and 
the peritoneum is fenestrated to allow for intraperitoneal 
drainage.

 Wound Infection
Wound infection remains a common problem following 
transplant, with 1–10% of patients developing a postopera-
tive wound infection [6]. Preoperative antibiotics are admin-
istered to minimize this risk. Transplant patients are at 
heightened risk given the high levels of immunosuppression 
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and steroid use in the perioperative window. Diabetes and 
obesity further elevate a patient’s risk.

 Typical Hospital Course and Discharge
Depending on the graft and recipient, some patients make 
urine almost immediately. Others demonstrate delayed graft 
function and may require some duration of dialysis. For our 
purposes here, we will focus on the hospital course for 
patients with immediate graft function and cessation of 
dialysis.

Following renal transplant, the patient will leave the 
operating room with a Foley catheter and surgical drain in 
place. The patient is typically started on a clear liquid diet 
on the night of postoperative day 0 but maintained on intra-
venous fluids. Urine output is monitored closely. 
Replacement fluids with bicarbonate are started if the patient 
is making more than 200 mL of urine per hour. If urine out-
put is marginal, patency of the Foley is ensured, and the 
patient’s volume status is assessed to decide additional 
 clinical management.

Timing and administration of induction immunosuppres-
sion is dependent of the degree of sensitization and can affect 
the duration of hospital stay. Patients with a PRA less than 
25% or a haplotype match living-related transplant are at low 
immunologic risk, do not necessitate induction therapy, and 
are started on maintenance immunosuppression on 
 postoperative day 0. Highly sensitized patients (>25% PRA) 
undergo thymoglobulin induction for approximately 3–5 days. 
Induction therapy may be started as early as postoperative day 
0. Patients on an immunosuppression regimen including ste-
roids either undergo a rapid taper with intravenous solumedrol 
or a standard taper with 3 days of intravenous solumedrol fol-
lowed by a slow outpatient taper of oral prednisone.

On postoperative day 1, a renal ultrasound may be ordered 
based on surgeon preference or if there is concern for delayed 
graft function. Generally, the patient is advanced to a regular 
diet and started on oral pain medications. Antibiotics and 
intravenous fluids are generally continued until postopera-

tive day 2. The Foley catheter is removed on postoperative 
day 2 or 3. The surgical drain is removed after the Foley 
catheter is discontinued to ensure that once the bladder is no 
longer decompressed, a urinoma does not develop. The 
majority of patients are able to be discharged home between 
postoperative days 3–5, once their pain is adequately con-
trolled with oral medications, they are tolerating a regular 
diet, and are voiding independently without the Foley cathe-
ter. Some patients may require a longer hospital course for 
their immunosuppression induction.

Post-transplant Course

 Frequency of Office Visits and Blood Draws

Following kidney transplantation, patients are followed by a 
transplant specialist to monitor allograft function and mini-
mize immunosuppression side effects such as infection, 
malignancy, diabetes, and cardiovascular disease. A typical 
schedule involves clinic visits twice weekly for the first 
month post-transplant, weekly for the second month, every 
2  weeks for the third month, and every 2  months for the 
remainder of the first-year post-transplant. The type and fre-
quency of laboratory testing also varies among transplant 
centers. A typical monitoring scheme is shown in Table 9.2.

 Complications

 Rejection and Graft Loss
Acute rejection is a major cause of allograft dysfunction and 
is generally associated with a reduction in long-term allograft 
survival. Acute rejection can be broadly classified into 
T-cell- mediated (cellular) rejection (TCMR) and antibody- 
mediated rejection (ABMR). Both may coexist simultane-
ously. Allogeneic risk factors for acute rejection include the 
presence of DSAs or a high PRA, a higher degree of HLA 

Table 9.2 A representative medical schedule of a kidney transplant recipient

Month 1 Month 2
Months
3–4

Months
4–6

Months
6–12 >1 year

Labs 2×/week Weekly Every 2 weeks Every 2 weeks Monthly Every 1–2 months
Clinic 2×/week Weekly Every 2 weeks Months 4 and 6 Months 8, 10, and 

12
Months 18 and 24 and then 
yearly

Driving 2 weeks or off 
pain meds

Travel Local Out of state 
<2 weeks

Out of country >2 weeks

Return to work X
Eye exam X
Dental exam X
Flu shot Yearly
Pneumovax Every 2–3 years

A. Brubaker et al.
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mismatches, and blood group incompatibility [7, 8]. Patients 
with a previous episode of rejection, history of a previous 
transplant, or issues with medication nonadherence are also 
at increased risk. Nonadherence aside, the majority of acute 
rejection episodes occur within the first 6  months. The 
majority of patients are asymptomatic, other than an acute 
rise in serum creatinine, which tends to occur relatively late 
in the course of a rejection episode. When symptoms are 
present, they may include fever, malaise, oliguria, and graft 
discomfort. Hypertension, pyuria or proteinuria may also be 
present. The standard for the diagnosis of rejection is a renal 
allograft biopsy. Treatment depends on the type and severity 
of the acute rejection episode. Generally, TCMR is treated 
with pulse high-dose intravenous glucocorticoids followed 
by an oral glucocorticoid taper, augmentation of mainte-
nance immunosuppression, and rabbit antithymocyte globu-
lin if necessary. ABMR is typically treated with a combination 
of pulse high-dose intravenous glucocorticoids followed by 
an oral glucocorticoid taper, plasmapheresis, IVIG, augmen-
tation of maintenance immunosuppression, and rituximab as 
needed.

While short-term allograft loss has significantly improved 
in recent decades, long-term allograft loss remains a signifi-
cant issue in kidney transplantation. In 2005, 10-year graft 
failure for deceased donor transplants was 52.8%, while 
10-year graft failure for living donor transplants was 37.3%. 
Etiologies of graft loss change with the time of presentation 
after kidney transplantation. Surgical complications are 
more commonly seen in the immediate post-transplant 
period, while graft loss secondary to infection or recurrent 
disease tends to present later. Some causes, such as rejection, 
can occur at any time after transplant. Numerous risk predic-
tion models have identified many risk factors for long-term 
graft loss, including graft cold ischemia time, cadaveric 
donor, delayed graft function, a higher degree of HLA mis-
matching, preformed or de novo DSAs, nonadherence, cyto-
megalovirus (CMV) seropositivity, acute rejection, and 
recurrent glomerular disease [9].

 Urinary Tract Infections
Urinary tract infection (UTI) is the most common infectious 
complication after kidney transplant, with reported rates as 
high as 80% [10]. Risk factors include receiving a cadaveric 
allograft, female sex, diabetes mellitus, and ureteral stent 
placement [11]. Uncomplicated UTIs typically present with 
local urinary symptoms (dysuria, frequency, urgency), while 
complicated UTIs can present with fever, chills, malaise, and 
allograft pain. Urinalysis is often positive for leukocyte 
esterase and nitrites, while urine microscopy can show 
pyuria. A positive urine culture establishes the diagnosis. 
The majority of UTIs are caused by gram-negative uropatho-
gens. Though antibacterial prophylaxis has decreased the 
incidence of UTIs, it has also led to increased rates of 

 resistant organisms. Timely diagnosis and treatment is 
 crucial, as UTIs are associated with acute cellular rejection, 
impaired allograft function, allograft loss, and death [12].

 Ureteric Strictures
Ureteric strictures are a common urological complication 
following renal transplant, with an incidence of 1–3% [13, 
14]. The majority of strictures occur within the first several 
months after transplantation and are most frequently located 
near the distal portion of the ureter. Common etiologies 
include technical issues related to the ureter implantation, 
ischemia of the ureter secondary to disruption of its blood 
supply, allograft rejection, and infection [15]. Patients may 
be asymptomatic with normal serum creatinine levels and 
adequate urine output until the stricture progresses to an 
advanced stage. Proximal dilation of the urinary collection 
system may be appreciated on imaging studies. Significant 
ureteral strictures are initially treated with minimally inva-
sive percutaneous or endoscopic stenting before attempting 
open surgical reconstruction. Prompt and effective treatment 
is critical to prevent negative impact on graft survival.

 BK Virus
BK virus is a human polyomavirus named after the initials of 
the index patient diagnosed with the virus. Most BK primary 
infections are asymptomatic, though the virus establishes 
latency in the kidney and urinary tract of healthy individuals 
and can manifest as BK viremia or BK virus nephropathy 
months to years after kidney transplant [16]. The incidence 
of BK virus nephropathy ranges from 1% to 10% [17]. The 
strongest risk factor for progression is the cumulative immu-
nosuppression burden. A majority of transplant centers focus 
on polymerase chain reaction (PCR)-based screening tech-
niques, though timing and testing methodologies are not 
standardized. Diagnosis requires renal transplant biopsy. 
Currently, there is no effective pharmacologic prophylaxis or 
treatment for BK viremia or BK virus nephropathy. 
Reduction of immunosuppression is typically initiated upon 
a diagnosis of BK nephropathy [16], though this can result in 
rejection or formation of DSAs, both of which can threaten 
long- term allograft survival. The mean incidence of allograft 
loss secondary to BK virus nephropathy is approximately 
45% [17] but can vary widely depending on the center-spe-
cific screening and intervention protocols.

 Cytomegalovirus
CMV is the most prevalent opportunistic infection after kid-
ney transplant. Approximately 60% of patients will have an 
active CMV infection and 20% will develop symptomatic 
disease [18, 19]. Infection occurs by endogenous reactiva-
tion in the recipient, transmission via the donor allograft or 
by acquiring a new infection from the general population. 
The incidence of CMV infection and associated complica-

9 Medical Course and Complications After Renal Transplantation
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tions is highly contingent upon the serostatus of the donor-
recipient pair, with CMV-seronegative recipients who receive 
a kidney from a CMV-seropositive donor having the highest 
risk [20]. Clinically, CMV infection can present as three 
entities: asymptomatic viremia, CMV viral syndrome (i.e., 
fever, malaise, arthralgia, and leukopenia), and CMV tissue-
invasive disease (i.e., CMV present on tissue biopsy speci-
men accompanied by end-organ damage such as nephritis, 
colitis, hepatitis, pneumonitis, or retinitis). In all cases, labo-
ratory confirmation, typically via PCR, is required for a diag-
nosis. The two principal strategies to prevent CMV disease 
are preemptive therapy based on routine CMV PCR monitor-
ing and general antiviral prophylaxis following transplant. 
Both are equally effective, though prophylaxis is recom-
mended in CMV-seropositive donors/CMV-seronegative 
recipient pairs. Active CMV disease treatment requires 
reduction of immunosuppression and/or initiation of an anti-
viral agent.

 EBV/PTLD
Epstein-Barr virus (EBV) is a γ-herpesvirus transmitted via 
direct person-to-person contact, primarily through saliva. 
Most immunocompetent individuals do not demonstrate 
EBV-associated disease after primary infection, though in 
kidney transplant recipients, EBV is associated with post-
transplantation lymphoproliferative disorder (PTLD) [21]. 
The cumulative incidence of PTLD in kidney transplant 
recipients ranges from 1% to 5%. Risk factors include cumu-
lative immunosuppression burden (principally T-cell sup-
pression) and EBV-seronegative recipients who receive a 
kidney from an EBV-seropositive donor [22]. Routine EBV 
monitoring is recommended for these patients. Patients with 
PTLD have highly variable clinical presentations. 
Constitutional symptoms such as fatigue, fever, and weight 
loss are typical. Other symptoms may be related to dysfunc-
tion of involved organs including the gastrointestinal tract, 
lungs, liver, central nervous system, skin, and the kidney 
allograft. Diagnosis relies on tissue biopsy and imaging 
studies for localization and staging. Management depends 
on the type of lymphoproliferative disease but commonly 
involves immunosuppression reduction and rituximab. 
Chemotherapy, radiation therapy or surgery may also be 
offered if necessary. Prognosis depends on the type and stage 
of the malignancy.

 Skin Cancer
Morbidity and mortality secondary to skin cancer are dra-
matically increased in kidney transplant recipients. Chronic 
immunosuppression regimens can have direct carcinogenic 
effects and promote proliferation of oncogenic viruses. Risk 
factors include the intensity and duration of immunosuppres-
sion, sun exposure, and a past history of skin cancer. 
Squamous cell carcinoma (SCC) and basal cell carcinoma 

(BCC) account for the majority of skin cancers in kidney 
transplant recipients [23]. Contrary to the general popula-
tion, SCC is more common in immunosuppressed transplant 
recipients that BCC. The natural course of SCC in kidney 
transplant recipients is often aggressive with local invasion, 
early recurrence following treatment, higher rates of metas-
tases, and increased mortality [24]. Though rare, melanoma, 
cutaneous lymphoma, and Kaposi sarcoma are also found at 
higher rates compared to the general population [25]. Skin 
biopsy is a crucial component in establishing a diagnosis and 
prognosis.

 Nonadherence
Nonadherence by kidney transplant recipients manifests as a 
range of behaviors, such as not completing laboratory work, 
missing scheduled outpatient appointments, and not taking 
prescribed medications. Nonadherent patients are seven 
times more likely to suffer graft failure when compared to 
patients who are adherent [26]. The etiology of nonadher-
ence is multifactorial, though the strongest risk factor is prior 
nonadherence. Sociodemographic factors (e.g., minority eth-
nicity, low socioeconomic status) and patient-related psy-
chosocial factors (e.g., low health literacy, poor social 
support) also play an important role [27]. Treatment-related 
factors (e.g., multiple medications, side effects) and health 
system factors (e.g., access to care, insurance status, poor 
reinforcement by healthcare providers) can also negatively 
impact adherence [27].

 Disease Recurrence
Recurrence of primary renal disease is a significant cause of 
allograft dysfunction and loss after kidney transplantation. 
Primary glomerular renal diseases such as membranoprolif-
erative glomerulonephritis (MPGN), focal segmental glo-
merulosclerosis (FSGS), primary membranous nephropathy, 
and hemolytic uremic syndrome have the highest propensity 
to recur and induce allograft loss [28] (Also see Chap. 5 for 
more details). Late recurrence can be seen with many sys-
temic diseases, including diabetic nephropathy. In all cases 
of suspected recurrence, renal transplant biopsy is required 
for diagnosis. Individuals seeking a re-transplant account 
for 12.5% of patients on the adult kidney waitlist in the 
United States [29]. Allograft survival in kidney re-transplant 
recipients is inferior to first-time kidney transplant recipi-
ents when controlling donor factors [30].

 Conclusions
Kidney transplant not only extends life expectancy com-
pared to dialysis, but it can also significantly improve 
quality of life. These benefits will only be appreciated if 
patients have a successful operative and postoperative 
course. Acknowledging and understanding potential pit-
falls help to ensure successful outcomes.

A. Brubaker et al.
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 Introduction

The psychosocial and mental health care needs of kidney 
transplant recipients assume increasing importance as the 
size of this population and duration of life expected post-
transplant continue to grow. In the United States, over 19,000 
individuals received kidney transplants in 2016; this repre-
sents a 40% increase over the number of kidney transplants 
in 2000 [1]. Kidney transplantation accounts for 80% of all 
organ transplants [1], and kidney transplant recipients enjoy 
higher survival rates than any other type of solid organ recip-
ient. Patient survival rates are 97%, 93%, and 86% at 1, 3, 
and 5 years post-transplant, respectively, and graft survival is 
95%, 88%, and 78% at these time points [1]. Graft survival 
exceeds 60% even at 10 years post-transplant [2], and 20 or 
more years of graft function is not uncommon [3]. Moreover, 
in the event of graft failure, kidney recipients have more 
treatment options than other types of organ recipients. In par-
ticular, patients may receive dialysis and/or be listed for 

retransplantation. The retransplantation rate in kidney recipi-
ents (13% of all kidney transplants in 2016) is higher than 
the retransplantation rates for recipients of liver, heart, or 
lung transplantation (3–5% of transplants) [1]. Given high 
survival rates plus the possibility of retransplantation, the 
population of individuals living with a kidney transplant has 
more than doubled since 2000: as of June 2015, there were 
more than 200,000 recipients alive with a functioning graft 
in the United States [2].

Significant resources must be deployed to provide ongo-
ing clinical care and monitoring of this sizable population. 
Such care necessarily focuses on graft functioning, common 
medical comorbidities, and complications of immunosup-
pression. However, the psychosocial and mental health needs 
of these recipients require consideration as well: it is well- 
known, for example, that psychosocial and behavioral fac-
tors encompassing adherence to the medical regimen, mental 
health, and substance use can affect clinical outcomes, 
including risks for both morbidity and mortality [4–10]. 
Thus, providing care to address emerging psychosocial 
issues can be essential for prolonging patients’ duration and 
quality of life after kidney transplantation.

In this chapter, we describe the prevalence, risk factors, 
and interventions tested to prevent or treat three key psycho-
social issues in kidney transplant recipients: adherence to the 
multifactorial medical regimen, mental health problems, and 
substance use. We consider the implications of this informa-
tion for the care of kidney recipients and suggest work that is 
needed in the future in order to expand the set of evidence- 
based treatment strategies available to healthcare profession-
als who provide this care. Our review of the evidence and our 
clinical recommendations pertain to adult kidney recipients. 
The psychosocial issues of key importance in pediatric trans-
plantation are very different than in adults, and a variety of 
reviews summarize evidence and care recommendations for 
pediatric kidney recipients [11–16].
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 How Common Are Psychosocial Problems After 
Renal Transplantation?

Information on prevalence is important for estimating how 
likely any given kidney recipient is to have psychosocial dif-
ficulties. From a clinical standpoint, understanding which 
types of problems are most common is the first step toward 
identifying and prioritizing new educational and preventive 
efforts for this patient population. In addition, such informa-
tion is relevant for deciding how to modify existing clinical 
care strategies.

 Nonadherence to the Medical Regimen
The post-transplant medical regimen is multifaceted and must 
be followed by patients for the remainder of their lives with 
their transplanted kidney. Immunosuppressant medication- 
taking is a central element, but patients are also expected to 
adhere to other requirements: they must attend routine clinic 
appointments for health monitoring by the transplant pro-
gram, complete required laboratory and other tests, engage in 
routine self-monitoring of vital signs (e.g., blood pressure, 
temperature), and engage in healthy lifestyle behaviors (e.g., 
routine exercise, following prescribed diets, avoiding pro-
longed sun exposure). Several systematic reviews have 
reported on the prevalence of medical regimen nonadherence 
after kidney transplantation [17–20]. Most focus on immuno-
suppressant medication adherence. In the only analysis to 
date to report on prevalence rates of nonadherence for each of 
the multiple areas of the post-transplant medical regimen, we 
found 147 studies of organ recipients, including 72 studies of 
kidney recipients [20]. The rates of nonadherence among kid-
ney recipients are shown in Fig.  10.1. Immunosuppressant 
nonadherence was the most common problem across the vari-
ous areas assessed: approximately 36 per 100 kidney recipi-
ents per year (i.e., 36% during any given year) were 
nonadherent to these medications. Rates of nonadherence to 
requirements for blood work and testing, as well as nonadher-

ence to lifestyle requirements including exercise and diet, 
also appear to be relatively common. However, kidney recipi-
ents had low rates of nonadherence to monitoring vital signs 
(e.g., blood pressure) and attending required clinic appoint-
ments. In additional analyses, we found that the immunosup-
pressant nonadherence rate was in fact significantly higher 
than the rates found in studies of other types of organ recipi-
ents, which ranged from 7% to 14% [20]. However, kidney 
recipients were indistinguishable from other types of recipi-
ents in terms of nonadherence rates for other areas of the regi-
men [20].

An important question concerns how the prevalence of 
nonadherence in any given area of the post-transplant medi-
cal regimen changes over time. Neither our meta-analysis 
nor other systematic reviews and meta-analyses have pro-
vided a detailed consideration of this issue in kidney or 
other organ transplantation. However, individual studies 
examining temporal patterns of change show that, even in 
such critical areas of the post-transplant regimen as taking 
immuno suppressants, nonadherence begins within months 
of the transplant surgery and grows more common over time 
[21–26]. These findings are consistent with evidence from 
the general chronic disease treatment literature which also 
shows increasing rates of nonadherence with time after 
treatment initiation [27, 28].

 Mental Health Problems
There have been several recent reviews discussing the prev-
alence of psychiatric difficulties in kidney recipients [29–
32]. Depressive and anxiety disorders, and elevated levels 
of depression and anxiety symptoms, are the most common 
mental health problems identified in organ transplant recip-
ients [33, 34]. In kidney recipients, most studies have 
focused on depression. Point prevalence rates of clinically 
significant depressive symptom levels range widely from 
4% to 49%, with most rates falling between 20% and 40%. 
A recent meta-analysis found that the pooled estimate (an 
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average across studies, weighted by sample size) was 27% 
[31]. The great heterogeneity in rates across studies likely 
reflects factors such as variability in measures used to 
assess depression, cut points chosen to indicate elevated 
distress, and whether the study sample was one of conve-
nience rather than a sample constructed more systemati-
cally. Although the studies’ samples also vary in time since 
transplant, this factor has not been found to be associated 
with point prevalence rates of depression or other mental 
health problems [32].

Only rarely have diagnosable depressive disorders been 
considered in kidney recipients. Vasquez et al. [35] reported 
a point prevalence rate of 12% for depressive disorders in a 
Central American sample, and Dobbels et al. [36], relying on 
Medicare claims data in a national sample in the United 
States, found that the cumulative annual incidence of depres-
sion was 5%, 7%, and 9% across the first 3 years after kidney 
transplantation.

Kidney recipients’ risk for depression appears to be lower 
than that of end-stage renal disease patients, including candi-
dates listed for transplant [31]. However, recipients’ risk 
remains elevated above that of the general population [32]. 
Despite lack of evidence that the point prevalence rates of 
depression vary with time post-transplant, a better under-
standing of patients’ typical trajectory of depression over 
time is needed. For example, duration of episodes and 
patients’ risk for episode recurrence are unknown.

Anxiety-related conditions have received little attention 
in kidney recipients, despite the well-known high comorbid-
ity between anxiety and depression. From 10% to 25% of 
kidney recipients have been found to have elevated anxiety 
symptom levels [37, 38]. Vasquez et al. [35] reported a 15% 
point prevalence rate of anxiety disorders in their cohort. 
Anxiety levels in kidney recipients appear higher than those 
found in healthy general community samples [39].

There is limited evidence on the prevalence of rare but 
severe psychiatric disorders, such as psychosis and bipolar 
disorder, after any type of organ transplantation. In a national 
renal transplant database in Ireland, less than 1% of kidney 
recipients had histories of schizophrenia or bipolar disorder. 
However, this report did not consider recurrence of symp-
toms after transplant [40]. In the largest study to date, Abbott 
et  al. [41] examined administrative data from the United 
States Renal Data System and found that the incidence of 
hospitalized psychosis after kidney transplantation was 7.5 
per 1000 person years (PY) of observation. This rate did not 
differ from that of the population of patients on dialysis 
(7.2/1000 PY). However, 94% of the transplant recipients 
were aged 65 or less. When the dialysis population was 
restricted to those aged 65 or less, the risk of hospitalized 
psychosis was lower in kidney recipients than the rate of 
9.6/1000 PY in dialysis patients [41]. This report did not 
compare these rates to rates in the general population.

 Substance Use
Transplant programs require abstinence from illicit drug use 
after kidney transplantation. Recipients should also refrain 
from tobacco use. Although recipients are not generally 
required to abstain from all alcohol consumption, alcohol use 
must be limited. Research has largely focused on tobacco 
smoking in kidney recipients, with less consideration of alco-
hol or other substance use [4, 7, 10, 20]. In our meta- analysis 
of adherence-related behaviors after organ transplantation 
[20], we found a rate of tobacco smoking of 3 per 100 kidney 
recipients seen in any given year (3% annually), while the 
rates of annual use of illicit drugs and annual use of alcohol 
above limits set by patients’ transplant programs were each 
1%. Consistent with these findings of particularly low rates of 
alcohol and illicit drug use, research since our analysis has 
concluded there is little evidence that alcohol abuse or depen-
dence are prevalent problems in the kidney recipient popula-
tion [42]. (This is unlikely to be due to selection of patients 
for transplantation; it more likely reflects relatively low rates 
of alcohol use in the population of patients needing kidney 
transplants, especially compared to other populations such as 
patients needing liver transplants [10].)

Whether substance use reflects a relapse to prior use or 
incident cases is an important issue. With respect to tobacco, 
a study examining Medicare claims data in the United States 
identified kidney recipients who had no history of tobacco 
smoking before transplantation but had claims on which 
post-transplant tobacco use was recorded [43]. The authors 
report that the incidence rate of smoking (i.e., new-onset 
smoking) was 4.6% (and this was apparently across a maxi-
mum of 5 years post-transplant). The time to smoking use 
onset (adjusted for censored observations due, for example, 
to patient death) was 1.3 years post-transplant.

We have not identified any studies of incident alcohol or 
illicit drug use in kidney recipients. However, there is a lit-
erature on rates of relapse to alcohol and illicit drug use in 
organ recipients with histories of substance abuse or depen-
dence before transplantation, as summarized in a meta- 
analysis [44]. (Studies examining this subgroup of patients 
were excluded from our previous meta-analysis described 
above, which focused on general samples, and not samples 
selected on the basis of pre-transplant histories.) While there 
were no studies of relapse to alcohol use in kidney recipients 
with histories of abuse/dependence (all studies focused on 
liver recipients), we found that relapse to illicit drug use was 
6% annually in kidney recipients, a rate equal to that in heart 
recipients but lower than the 2% annual rate found in liver 
recipients.

There has been little to no examination of the specific 
types of illicit drugs used by kidney recipients. One recent 
report examined recreational marijuana use in kidney recipi-
ents (in a state in the United States where use is not legal) 
and estimated 3% of patients were active users (by on either 
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self-report or urine toxicology screen data) [45]. However, 
patients differed dramatically in time since transplant, and, 
given no adjustments for survival time, the 3% rate may 
underestimate the risk of marijuana use post-transplant.

The timing of substance use onset after kidney transplan-
tation has received no consideration. However, as for other 
behavioral problems post-transplant such as medication non-
adherence, it seems likely that substance use would begin in 
the early months post-transplant. This pattern has been docu-
mented in other types of transplant recipients (e.g., liver 
recipients [44]).

 What Factors Increase Risk for Psychosocial 
Problems After Renal Transplantation?

Identification of key risk factors can be important for target-
ing patients who may need additional monitoring and early 
intervention, should they begin to show any signs of psycho-
social problems.

 Nonadherence to the Medical Regimen

In chronic disease populations in general, five categories of 
risk factors appear important for medical regimen adherence 
[46]. These are listed below, along with specific examples of 
factors found relevant for nonadherence risk in kidney trans-
plant recipients [5, 9]:

• Sociodemographic characteristics (e.g., younger age, 
minority race/ethnicity, low socioeconomic status).

• Patient-related psychosocial factors (e.g., past nonadher-
ence, low health literacy, low knowledge about one’s ill-
ness and treatment options, psychological distress, low 
self-efficacy, poor social supports, forgetfulness/cognitive 
impairment, daily routine changes).

• Treatment-related factors (e.g., more frequent medication 
doses, greater total number of medications, side effects of 
medications or other treatments).

• Condition-related factors (e.g., longer time since trans-
plant, transplant from a living donor, better perceived 
health, physical limitations).

• Healthcare system and provider-level factors (e.g., insur-
ance status, access to care, provider-patient communica-
tion, transition from a pediatric to an adult transplant 
program).

In kidney transplantation, as in other areas of transplanta-
tion, the strongest and most consistent risk factor for post-
transplant nonadherence, particularly with respect to 
immunosuppressant medications, is a history of nonadher-

ence before transplantation [8, 19, 20, 23, 47]. Similar to 
findings in other chronic disease groups [48], more complex 
regimens (involving multiple doses of one or more medica-
tions daily and a greater total number of medications) also 
increase risk for medication nonadherence in kidney recipi-
ents [17]. It is noteworthy, however, that the impact of each 
of the factors listed above may be modest [9, 20], and thus 
interventions would likely need to simultaneously address 
and ameliorate more than a single factor in order to be effec-
tive. Additionally, in some cases, the evidence for a given 
factor’s importance is inconsistent. For example, minority 
race/ethnicity emerges as a risk factor for medication nonad-
herence after kidney transplantation in some studies [26, 
49–52] but not others [53–56]. The inconsistency in findings 
may arise because race/ethnicity likely is a proxy for charac-
teristics such as insurance status and access to care that are 
the true contributors to nonadherence risk.

There is also an informative qualitative literature describ-
ing kidney recipients’ own views about factors that affect 
their self-management of health issues, including adherence 
to the post-transplant medical regimen. In a systematic 
review of this literature, Jamieson et al. [57] concluded that 
patients’ comments about their self-management challenges 
reflected five themes: (a) empowerment (strategies used to 
gain personal control over the medical regimen); (b) fear of 
adverse health outcomes (e.g., graft loss); (c) managing 
medical regimen demands (e.g., attempts to adhere despite 
changes in daily routines); (d) feelings that life has become 
overmedicalized (e.g., feelings of burnout at having to man-
age the medical regimen); and (e) accountability to others 
(e.g., gratitude to the donor and the transplant program, 
motivation to care for the kidney).

Recipients’ comments indicated recognition of the need 
to overcome many of the factors found in empirical studies 
to increase risk for nonadherence (e.g., by gaining a better 
understanding of the regimen and their responsibilities, by 
establishing daily routines, and by setting up reminders for 
various activities). Patients also introduced additional ideas 
about areas potentially relevant for nonadherence risk reduc-
tion, including the need to improve problem-solving skills 
and the opportunity to learn from peers about ways to remain 
adherent.

In a separate systematic review focused specifically on 
kidney recipients’ medication-taking activities, Tong et  al. 
[58] extracted themes that characterized recipients’ beliefs, 
experiences, and perspectives on medication-taking. Thus, 
poor adherence was often described as the result of patient 
forgetfulness, intolerable side effects, inability to pay for 
medications, difficulty accessing a pharmacy to obtain the 
medications, and the occurrence of disrupting life events. In 
contrast, high degrees of vigilance and adherence to the med-
ication regimen were described by patients who strongly 
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endorsed a desire to protect their new chance at life, who felt 
powerful obligations to both donors and the transplant team, 
and who described the importance of taking personal respon-
sibility for their health. Patients able to maintain a high level 
of medication adherence also felt that they were able to toler-
ate side effects and had developed strategies to keep from 
forgetting doses. Finally, patients who showed variable 
degrees of success at taking their medications felt that this 
arose because they were attempting to change drugs or dos-
ing requirements in order to manage side effects. They also 
felt that they missed doses due to forgetfulness or took doses 
late due to changes in routines. Taken together, the findings 
from the qualitative literature indicate the importance of ask-
ing patients directly about the factors they consider to be the 
most important barriers and facilitators for achieving high 
levels of medication adherence.

 Mental Health Problems

In all types of organ transplant recipients, the strongest risk 
factor for depression, anxiety, other psychiatric disorders, or 
elevated symptom levels is a pre-transplant history of dis-
tress in these areas [30, 33, 34]. The bulk of research in kid-
ney recipients has focused on risk for depression, and several 
key risk factors have emerged. Principal among these are 
clinical factors: a longer duration of dialysis before trans-
plantation [36, 59], poor graft function after transplantation 
[59–61], the occurrence of rejection episodes [62], and the 
presence of physical comorbidities, including obesity [36, 
59–61, 63].

A range of psychosocial factors have also been examined. 
Demographic characteristics such as female sex and lower 
levels of education are well-known risk factors for depres-
sion in kidney recipients [29], just as they are in other trans-
plant populations and in general community samples. In 
addition, in kidney recipients, among the psychosocial fac-
tors found to most consistently increase depression risk are 
post-transplant unemployment and personal financial diffi-
culties [35, 59, 61, 64] and poor social support [35, 60–62, 
64]. Both poor availability of support persons and poorer 
perceived quality of support appear important. Thus, unmar-
ried individuals and individuals living alone are at higher 
risk than married individuals [38, 60–62, 64], and percep-
tions of low social supports, including tangible support and 
emotional support, also increase depression risk [35, 61].

There is less evidence on whether other aspects of recipi-
ents’ psychosocial environments are associated with depres-
sion risk. Thus, factors related to coping styles and strategies 
may increase risk or in some cases may protect against depres-
sion. However, the findings are inconsistent to date. For exam-
ple, Christensen et  al. [65] found that a coping style 

characterized by information-seeking in order to manage health 
problems reduced kidney recipients’ risk for enduring or 
increasing depression symptom levels after transplant. In con-
trast, Knowles et al. [37] found no large or statistically signifi-
cant association between either “maladaptive” coping strategies 
(e.g., attempting to avoid thinking about problems) or “adap-
tive” strategies (e.g., active problem-solving efforts), and other 
studies have also failed to find that coping strategies are related 
to depression [38]. However, so few studies have evaluated 
coping styles and strategies that it is difficult to conclude 
whether they play an important role for depression or not.

Very little work has examined risk factors for anxiety or 
severe mental disorders such as psychosis. One report found 
that greater severity of self-reported transplant-related stress-
ors (in areas such as perceived medication side effects, 
occurrence of problems such as graft rejection, and perceived 
physical limitations) was related to higher anxiety levels 
[66]. Interestingly, these authors did not find social supports 
to be correlated with anxiety levels. Knowles et  al. [37] 
reported that illness perceptions (encompassing greater per-
ceived impact of illness on daily life and feelings of little 
control over the illness) were associated with heightened 
anxiety symptoms. Similar to findings for depression, 
whether or not coping strategies affect risk for anxiety symp-
toms is unclear. Two recent studies suggest that maladaptive 
coping strategies, such as avoidance and denial, are associ-
ated with increased anxiety [37, 39]. With regard to psycho-
sis, in the study described earlier on the occurrence of 
hospitalizations for psychosis after kidney transplantation 
[41], both delayed graft function after transplant and the 
occurrence of graft rejection episodes were risk factors for 
psychiatric hospitalizations. No demographic risk factors for 
hospitalization for psychosis were identified.

Unlike the literature on medical adherence, which 
includes rich quantitative as well as qualitative reports, stud-
ies identifying risk factors for poor mental health are empiri-
cal and have not routinely sought to include patient views on 
factors that affect their psychological status. One qualitative 
report notes that patients may feel that their expectations for 
life after the transplant are not met, which can lead to disap-
pointment and disillusionment [67]. However, it is not clear 
that patients were specifically queried about any linked feel-
ings of depression or anxiety. The qualitative literature on 
self-management of the medical regimen, however, notes 
that patients themselves feel that poor graft function and the 
risks of serious side effects (e.g., cancers from the immuno-
suppressants) lead to considerable anxiety [57]. The feelings 
of “burnout” at being a patient, feelings that their lives have 
become “overmedicalized”, and patient descriptors of such 
experiences appear to include depressive elements [57]; 
it seems likely that patients with heightened feelings of burn-
out either are at risk for depression or are depressed [68].

10 Post-transplant Psychosocial and Mental Health Care of the Renal Recipient



124

 Substance Use

Not surprisingly, a history of substance use is the most 
important risk factor for post-transplant substance use in 
organ recipients, including kidney recipients [7, 20, 44]. 
Organ transplant recipients who use one substance are likely 
to use others (e.g., smoking is correlated with alcohol and 
illicit drug use; alcohol and illicit drug use are correlated 
[7,  42, 43, 45]).

There has been relatively limited consideration of other 
risk factors. The bulk of work pertains to post-transplant 
tobacco smoking. Duerinckx et al. [7] provide a comprehen-
sive examination of risk factors and correlates of smoking 
post-transplant, but they do not distinguish between types of 
organ received. Kidney transplant studies were, however, 
more numerous than studies of other types of recipients. 
They found that male sex, younger age, and higher body 
mass index (BMI) increased risk for smoking, while preva-
lent comorbidities including hypertension, diabetes, and car-
diovascular disease were not reliable risk factors. They noted 
that many potential factors (e.g., psychiatric symptoms, cop-
ing styles) had been examined in very few studies, thus pre-
cluding firm conclusions about their possible roles. In 
particular, they found that duration of abstinence from smok-
ing before transplantation has been examined in only a few 
studies, with conflicting results. Duerinckx et al. [7] focused 
largely on studies of recipients with histories of tobacco use 
before transplant. In a large US study of tobacco use inci-
dence after kidney transplantation, Hurst et  al. [43] found 
that new smokers were more likely than nonsmokers to be 
male, younger, and African American. They were also likely 
to have more medical comorbidities and to have histories of 
alcohol and/or drug dependence.

Few studies have considered risk factors for alcohol or 
drug use specifically in kidney recipients. Male sex appears 
to increase risk for post-transplant heavier alcohol use, 
while age is not a risk factor [42, 69]. Zelle et al. [42] found 
that kidney recipients who used alcohol had a shorter time 
on dialysis before transplant. However, post-transplant kid-
ney function or ability to return to work was not associated 
with alcohol use risk. Similarly, Fierz et al. [69] found that 
clinical variables such as comorbidities and occurrence of 
graft rejection were not related to alcohol use, but they 
found that patients who returned to work were at higher risk 
for alcohol use. They speculated that kidney recipients who 
are employed may be those who perceive their health to be 
better. Fierz et al. [69] examined but found no evidence that 
level of education, depressive symptoms, coping styles or 
strategies, or clinical variables such as comorbidities and 
the occurrence of graft rejection were independent risk fac-
tors for alcohol use.

Finally, Greenan et al. [45] reported that kidney recipients 
who used marijuana recreationally were more likely to be 

unmarried, have less education, currently use alcohol and 
tobacco, and have histories of treated substance addiction. 
Interestingly, in contrast to the risk factors we have discussed 
for other substance use in kidney recipients, male sex was 
not associated with marijuana use.

 What Interventions Have Been Tested 
to Address Psychosocial Problems  
After Renal Transplantation?

In order to provide evidence-based care to transplant recipi-
ents, clinicians must understand the range of treatment 
options that have been tested for efficacy specifically in kid-
ney transplant recipients. Gaps in that evidence may be par-
tially filled by considering intervention efficacy studies in 
other transplant or chronic disease populations, although 
whether or not the findings would generalize to kidney recip-
ients is often unclear.

 Nonadherence to the Medical Regimen

Among the psychosocial problems that we have addressed in 
this chapter, the greatest focus of intervention trials has been 
on immunosuppressant medication adherence after trans-
plantation. Table 10.1 shows the interventions tested and key 
results in studies published since 2000 [70–86]. The majority 
of studies used multicomponent interventions focused on 
providing education about medication-taking, assessing bar-
riers to adherence, providing feedback on adherence levels 
achieved (often using data from electronic medication moni-
toring devices in pill bottles given to patients), and encourag-
ing problem-solving and goal setting. These interventions 
usually required multiple sessions with an interventionist 
over a period of months. Interventionists were often nurses 
but sometimes included pharmacists, psychologists, or mul-
tidisciplinary teams. Exceptions to these “coaching” inter-
ventions included an intervention that simply involved 
switching from twice-daily dosing of the key immunosup-
pressant to once-daily dosing [75] and an intervention that 
used electronic medication monitoring along with text mes-
saging and feedback to clinicians on medication-taking pat-
terns [84]. Studies varied in terms of whether medication 
adherence was assessed by electronic monitoring, patient 
self-report, blood levels of the immunosuppressant medica-
tion, or combinations of these assessments.

Across these 16 trials, 11 found that the intervention 
improved medication-taking. Interestingly, although most of 
the trials involved labor-intensive complex interventions, even 
some of those with simpler strategies (e.g., the modification in 
doses per day) found benefits in improved adherence. Important 
remaining issues concern the durability of intervention effects, 
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Table 10.1 Controlled trials testing interventions to improve immunosuppressant medication adherence in adult kidney recipientsa

First author,  
year

Sample size and follow-up 
duration Intervention Impact on adherence

Chisholm, 
2001 [70]

N = 24, end of intervention 
(first year post-transplant)

– Medication review, education

–  12 monthly face-to-face or phone 
sessions with clinical pharmacist

Intervention group had significantly higher 
adherence (pharmacy refills) than usual care 
control group

Hardstaff, 2003 
[71]

N = 48, up to 6 months 
post-intervention

–  Feedback (appeared to focus on EM 
data)

– 1 clinic visit with nurse practitioner

No differences noted between intervention and 
usual care control groups in adherence (based 
on EM)

De Geest, 2006 
[72]

N = 18, 6 months 
post-intervention

–  EM data feedback, education, goal 
setting, problem-solving, use of social 
supports

–  1 home visit, 3 monthly phone calls 
with research nurse

Nonsignificant trend for intervention group to 
show greater initial adherence increase (based 
on EM) than enhanced usual care control 
group, but advantage not maintained

Russell, 2011 
[73]

N = 15, end of intervention –  EM data feedback, planning and review 
of behavior change efforts

–  1 home visit, 6 monthly phone calls 
with research clinical nurse specialist

Intervention group had significantly higher 
adherence (based on EM) during follow-up 
than health education control group, but no 
between-group differences by the end of trial

Chisholm- 
Burns, 2013 
[74]

N = 150, 3 months 
post-intervention

–  Behavioral contracting, education, 
adherence barrier identification, goal 
setting, problem-solving

–  5 20–30 min face-to-face or phone 
sessions over 12 mos with clinical 
pharmacist

Intervention group had significantly higher 
adherence (pharmacy refills) than usual care 
group at each time point after baseline

Kuypers, 2013 
[75]

N = 219, 6 months 
post-randomization

–  Switch from twice- to once-daily 
tacrolimus

Intervention group had significantly higher 
adherence (based on EM) compared to usual 
dosing group

McGillicuddy 
2013 [76]

N = 19; end of intervention –  EM medication box with alerts, BP 
monitoring, text message reminders, 
transplant team alerted to medication or 
BP monitoring nonadherence, physician 
given feedback on patient data

– 3 mos of use of strategies

Intervention group had significantly higher 
medication adherence (based on EM) than 
usual care controls at each time point after 
baseline

Joost, 2014 
[77]

N = 67, end of intervention 
(12 months after hospital 
discharge post-transplant)

–  Medication-taking education, adherence 
barrier identification, goal setting, use of 
social support

–  3 30-min sessions pre-discharge, 
outpatient sessions ≥ quarterly for 12 mos

Intervention group had significantly higher 
adherence (based on EM and pill count) than 
usual care group

Annunziato, 
2015 [78]

N = 22, 1 year after transfer 
from pediatric to adult 
program

–  Education on transfer process, patient 
self-management problem-solving

–  ≥ 2 meetings with patient/family by 
pediatric team social worker, social 
worker completion of transition 
checklist and discussion with adult team

No significant group differences between 
intervention and usual transfer control group; 
all patients showed adherence decline (blood 
levels) with trend toward less decline in 
intervention group

Garcia, 2015 
[79]

N = 111, 3 months 
post-transplant

–  Medication-taking education, goal 
setting, problem-solving

–  10 weekly 30-min clinic sessions with 
nurse

Intervention group had significantly better 
adherence (self-report) than usual care control 
group

McQuillan, 
2015 [80]

N = 32, 1 year after transfer 
to adult program

–  1 visit by patient/parent to new transfer 
clinic, patient and parent small groups 
to discuss transition and self-
management, patient completion of 
online education, adult and pediatric 
team meeting

Intervention group had significantly less 
nonadherence (self-report) during follow-up 
and greater decline in nonadherence from pre- 
to post-intervention than usual transfer control 
group.

No significant group differences on blood level 
data

Bessa, 2016 
[81]

N = 126, end of intervention –  Medication-taking education

–  9 sessions (duration not noted) in first 
90 days post-transplant

No significant differences in adherence (blood 
levels, self-report) between intervention and 
usual care groups

No significant differences between groups in 
rates of infections, acute graft rejection, graft 
function, death, graft loss, or hospital 
readmissions

(continued)
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whether the interventions benefit some patients more than oth-
ers, and whether—as would be hoped—the interventions lead 
not only to improved medication- taking but to improved clini-
cal outcomes. The follow-up periods in most of the trials were 
relatively brief: some studies followed patients only until the 
intervention ended; others continued to follow patients for a 
few months after the intervention. The studies did not identify 
subgroups of patients who appeared to show particular benefit 
from the interventions. However, the qualitative literature that 
we reviewed earlier suggests that medication adherence after 
kidney transplantation may be improved through explicit con-
sideration of patients’ perspectives and by tailoring a given 
intervention to address patients’ perceived adherence barriers 
and facilitators [87].

Despite evidence that most of the interventions tested led 
to some improvement in immunosuppressant medication 
adherence, the studies’ results concerning intervention impact 
on clinical outcomes have been disappointing. Several exam-
ined clinical outcomes, including rehospitalizations [74, 81, 
85], emergency and outpatient visits [74, 85], infections 
[81], graft function [77–81], rejection episodes and graft loss 
[77, 78, 80, 81], and death [79, 81, 82]. Although rehospital-
ization risk was lowered by adherence interventions in two 

studies [74, 85], no other study in Table 10.1 observed any 
effects on clinical outcomes.

Another important consideration in future adherence- 
promoting trials in kidney transplantation would be to go 
beyond medication adherence to consider impact on other 
types of outcomes. Hsiao et  al. [88] evaluated a support 
group-based intervention designed to increase feelings of 
self-care empowerment and found that participants improved 
in their overall self-reported ability to adhere to the medical 
regimen, relative to control participants receiving usual care. 
Some evidence in other areas of organ transplantation sug-
gests that electronic health (e-health) interventions, includ-
ing smartphone apps in particular, can lead to improved 
medical regimen adherence [5, 89].

A few studies have tested interventions in kidney recipients 
designed to improve lifestyle behaviors (e.g., weight control, 
exercise, diet [90, 91]). These interventions were modestly 
effective at changing patients’ behaviors and improving 
related health parameters, at least in the short- term. 
Maintenance of these effects was not examined. In addition, 
large proportions of the patients in these studies dropped out. 
This suggests low intervention or research trial design 
acceptability.

Table 10.1 (continued)

First author,  
year

Sample size and follow-up 
duration Intervention Impact on adherence

Breu-Dejean, 
2016 [82]

N = 110, 3 months 
post-intervention

–  Medication-taking education

–  8 weekly 2-hr small group sessions with 
multidisciplinary team

Intervention group had significantly better 
adherence (self-report) than usual care group at 
end of intervention and end of follow-up

Cukor, 2017 
[83]

N = 33, ~4 weeks 
post-intervention

–  Cognitive behavioral therapy, 
motivational interviewing focused on 
barriers to and motivations for 
adherence

–  2 2-hr small group sessions with 
psychologists over 1–2 week period

Intervention group had significantly higher 
adherence (self-report pill counts) at follow-up 
and more improvement in adherence pre- to 
post-intervention than usual care control

No significant difference in blood level data 
from baseline but significant improvement in 
intervention group after intervention compared 
to control group

Reese, 2017 
[84]

N = 117, last 90 days of 
intervention (EM data), 6 
mos post-intervention (blood 
levels), end of intervention 
(self-report)

–  EM monitor with alerts, used alone or 
with provider notification. Text and 
email reminders could be sent. 
Providers in one intervention arm called 
patients if adherence declined and 
informed clinical team

–  6-mo use of monitor and other 
components

Reminders+provider notification group and 
reminder alone group had significantly better 
adherence (based on EM) than usual care 
control group; the former group was also 
marginally better than reminder alone group

No group differences in blood levels or 
self-report

Schmid, 2017 
[85]

N = 46, end of intervention 
(first year post-transplant)

–  Telemonitoring, education, support and 
coaching provided on demand

–  Daily monitoring by nurse case manager 
(with physician support), case 
management

Intervention group had significantly better 
adherence (composite of clinician ratings, 
self-report, blood levels) at all assessments 
than usual care control group

Abbreviations: BP Blood Pressure, EM Electronic Monitoring
aAll studies in the table were randomized controlled trials except for Joost et al. [77], Annunziato et al. [78], and McQuillan et al. (who compared 
the intervention cohort to historical or sequential controls) [80]. All samples varied in time since transplant except as noted. An additional report 
by Henriksson et al. [86] examined medication nonadherence in kidney recipients, but was excluded from this table because the authors did not 
distinguish adult recipients from pediatric recipients (many of whom were not responsible for their own adherence and would have required care-
giver administration of medications)
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 Mental Health Problems

Mental health outcomes have been considered in only a very 
limited number of intervention trials in kidney recipients. 
Two investigative teams have examined nonmedication psy-
chotherapeutic interventions. First, Baines et  al. [92, 93] 
examined recipients randomized to receive 12 weeks of indi-
vidual psychotherapy or 12 weeks of group sessions. A “con-
trol” group receiving usual care was also included (but this 
group was constructed separately and patients were not ran-
domized into it). The psychotherapy sessions focused on 
adaptation to the transplant. Patients’ depression symptom 
levels in both active psychotherapy conditions declined sig-
nificantly from pre- to post-intervention, with sustained 
effects 12 months later. Individual psychotherapy appeared 
more effective than group therapy. Control group depression 
levels, in contrast, worsened over time.

Second, Gross and colleagues [94–96] conducted two 
studies examining an 8-week group-based Mindfulness- 
Based Stress Reduction (MBSR) intervention for reducing 
symptoms of depression, anxiety, and sleep disturbance in 
kidney, lung, or pancreas transplant recipients. In an initial 
study, Gross et  al. [94] enrolled kidney, lung, or pancreas 
transplant recipients, and although they did not examine 
effects in kidney recipients alone, they found that across all 
types of recipients, both depression and sleep improved from 
baseline (pre-intervention) to immediately after the interven-
tion ended. At 3-month follow-up [94] and at 6-month fol-
low- up [96], sleep effects were maintained and anxiety was 
significantly lower than baseline. Depression symptom 
reductions were not maintained at either follow-up time 
point. A subsequent, larger study randomized kidney, kid-
ney/pancreas, liver, heart, and lung recipients to receive the 
MBSR intervention or receive health education sessions 
[95]. The MBSR intervention showed significant and sus-
tained anxiety and sleep disturbance reductions, relative to 
the control group, with effects sustained through 12 months 
post-intervention. Although depression levels also improved, 
they did not show as dramatic a change and were not distin-
guishable from control group depression levels.

Beyond kidney transplantation, other nonpharmacologic 
psychotherapeutic intervention trials in organ candidates and 
recipients suggest that telephone-based counseling using 
cognitive behavioral therapy principles and internet-based 
interventions involving problem-solving therapy can lead to 
reductions in depression and anxiety [95]. It seems likely 
that such interventions would be effective in kidney recipi-
ents. Additional strategies have been described for kidney 
recipients, but they have not been evaluated for efficacy. 
These include peer mentoring, internet-based education and 
support, and intensive support and education before dis-
charge after the initial transplant surgery (see Dew and 
DiMartini [33] and DiMartini et al. [97], for reviews).

Psychopharmacologic strategies have not received study 
in controlled trials in kidney recipients. Randomized trials 
comparing the impact on depression of sertraline vs. placebo 
in chronic (nondialysis) kidney disease patients [98] and ser-
traline vs. cognitive behavioral therapy in dialysis patients 
[99] are completed or ongoing. In the former trial, sertraline 
was found to be no more effective than placebo at reducing 
depressive symptoms. It would be important to consider 
whether these findings would generalize to kidney transplant 
recipients.

 Substance Use

Ten years ago, Tome et al. [100] noted that very little was 
known about addictions and their treatment in recipients of 
organs other than the liver and that this should be a research 
priority. However, there continues to be a dearth of interven-
tion research. In kidney recipients, a recently published study 
protocol described a trial focused on smoking cessation 
using a nonpharmacologic intervention involving brief coun-
seling plus feedback on patients’ carbon monoxide oximetry 
[101]. No results have yet been reported and we could not 
identify any other completed studies focused on the efficacy 
of interventions for substance use in kidney recipients. 
Recent literature on liver recipients suggests that facilitating 
availability of alcohol addictions treatment specialists (by, 
e.g., embedding them within the transplant team) may reduce 
relapse rates post-transplant [102]. Whether this intervention 
would be feasible in kidney transplant programs—given that 
fewer kidney recipients have histories of alcohol abuse/
dependence than do liver recipients—is not clear. A more 
feasible approach in kidney transplantation might employ a 
written “alcohol contract” (or contract for any other type of 
substance use), in which transplant candidates commit to 
abstinence after transplantation. However, Masson et  al. 
[103] tested this approach in liver transplantation and found 
no effect on relapse rates among liver recipients with histo-
ries of alcoholic liver disease.

 Clinical Strategies to Provide Psychosocial 
Care to Kidney Recipients After 
Transplantation: Recommendations

The evidence on prevalence, risk factors, and empirically 
evaluated interventions leads to two major types of recom-
mendations regarding care for kidney recipients. First, such 
patients should be routinely screened for psychosocial prob-
lems in the areas of medical regimen adherence, mental 
health, and substance use. Recipients with strong risk fac-
tors for such problems may require more frequent or exten-
sive screening. Second, when patients with psychosocial 
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problems are identified, the choice of interventions to be 
offered should be guided by the evidence base on effica-
cious interventions in kidney recipients. In the absence of 
such evidence, the interventions should have been estab-
lished as efficacious in other organ transplant and/or chronic 
and end- stage disease populations.

Although we focus below on these two major areas of rec-
ommendations, we note that additional factors will also 
likely need to be in place so that transplant programs can 
successfully screen for and intervene to treat psychosocial 
problems. Thus, a recent review focused on medication 
adherence intervention activities by kidney transplant pro-
grams concluded that transplant teams must change their 
“cultures” regarding their approach to addressing nonadher-
ence in their patients [104]. We believe that a similar culture 
change may be needed to effectively address other psychoso-
cial outcomes, including mental health and substance use 
problems. Therefore, we have adapted the elements that 
Oberlin and colleagues suggest are most important in order 
to encompass psychosocial outcomes in general, and our 
adaptation is shown in Table 10.2. As detailed in the table, 
screening and intervention are critical activities for improv-
ing psychosocial outcomes, but elements such as building 
collaborative relationships with kidney recipients’ other 
healthcare providers and building a foundation of trust in 
order to encourage open conversation with patients may ulti-
mately be equally important.

 Screening for Psychosocial Problems

The importance of screening activities to identify psychosocial 
problems is well-recognized in clinical care guidelines for kid-
ney recipients [105, 106]. Screening should be  incorporated into 
every follow-up clinical visit after  transplantation. We noted 
earlier that problems related to nonadherence, for example, can 
emerge very soon after transplantation. Fortunately, from a 
screening standpoint, kidney recipients return to their transplant 
centers relatively often during the first year after transplant. 
During routine follow-up clinic visits post-transplant, they typi-
cally see a nurse coordinator and a transplant team physician 

(often a nephrologist), and it is likely that these professionals 
would have the greatest opportunity to perform routine psycho-
social screening. Most teams providing post-transplant care do 
not include assessments by mental healthcare providers or other 
specialists in psychosocial issues, and the professionals who 
conduct the pre-transplant psychosocial evaluations of patients 
do not routinely follow patients post-transplant. Therefore, the 
nurse coordinator and team physician who are most likely to see 
patients during follow-up must be provided with psychosocial 
screening tools that are easy to use and provide clear indications 
of which patients are experiencing problems and may need 
referral to specialists within or beyond the team for 
intervention.

Beyond the first year post-transplant, patients are likely to 
return less frequently to the transplant program for care. In 
some cases, patients may only return if they develop prob-
lems related to the graft or to medical comorbidities linked to 
immunosuppression or other transplant-related medications. 
Thus, face-to-face screening may become less feasible. For 
patients with risk factors for psychosocial problems, pro-
grams could consider remote screening options including 
telephone screening. Recommending to recipients’ local 
healthcare providers (e.g., primary care physicians or local 
nephrologists) that they should engage in screening may also 
be an option.

Nonadherence to the Medical Regimen As summarized 
in Table 10.3, several types of tools could be used to screen 
for adherence problems, including simple patient-report 
measures, biologic assays, and routine review of informa-
tion in patients’ electronic health records for trends and 
patterns on key parameters [107–147]. Historically, self-
report screens for nonadherence, especially with regard to 
medication- taking, have been viewed as inferior to meth-
ods such as electronic medication monitoring. However, 
despite its use in research, electronic monitoring is gener-
ally not feasible in clinical practice [148]. Careful use of 
self-report measures can yield valid information on medi-
cation nonadherence [149]. A common clinical practice in 
transplant  programs is to use open-ended questioning 
about medication-taking rather than any specific self-
report questionnaire or checklist [150]. If such a strategy is 
adopted, clinicians should draw on lines of questioning 
recommended by experts [48], which focus on understand-
ing the patient’s perspective and building rapport. However, 
open-ended questions may not be asked in the same way 
across patients or across clinicians and thus may lead to 
varying degrees of success in identifying nonadherent 
patients. A stronger, more systematic alternative is to 
employ one of the several very brief, validated self-report 
measures of medication-taking recommended for clinical 
use with transplant patients [149, 151]. Prime examples 
are listed in Table 10.3. These measures focus on immuno-
suppressant nonadherence but may be adapted for other 
types of medication-taking. In fact, both the ITAS and the 

Table 10.2 Strategies kidney transplant programs could use in order 
to improve psychosocial outcomes after kidney transplantation

Establish a foundation of trust to encourage patients to speak openly 
about psychosocial problems, including nonadherence to the 
medical regimen, mental health problems, and substance use.
Develop collaborative partnerships with patients’ other healthcare 
providers.
Embed a focus on psychosocial outcomes into the transplant team’s 
culture, including routine screening for and tracking of patient 
status on these outcomes.
Stratify patients by their needs and risk factors so that interventions 
can be appropriately deployed by the team or so that timely 
referrals can be made for care by specialists.
Employ multiple interventions; one size does not fit all.

Adapted from Oberlin et al. [104]
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Table 10.3 Approaches to screening for psychosocial problems after kidney transplantation

Psychosocial 
domain Examples of screening approaches and tools for routine clinical use Relevant references
Nonadherence 
to the medical 
regimen

Medication-taking
Patient self-report surveys
 Immunosuppressant Therapy Adherence Scale (ITAS) Chisholm et al., 2005; Wilks et al., 2010 

[107, 108]
  Basel Assessment of Adherence to Immunosuppressive Medications Scale 

(BAASIS)
Shäfer-Keller et al., 2008 [109]

Calculation of medication blood level variability
 Medication Level Variability Index (MLVI) Shemesh & Fine, 2010; Supelana et al., 

2014 [110, 111]
 Coefficient of Variation (CV) Maclean et al., 2011; Scheel et al., 2017 

[112, 113]
Clinic appointment attendance, completion of required blood work, and lifestyle issues
Review of patient medical record for repeated failure to complete clinic 
appointments and blood work
Review of medical record for elevated or rising BMI levels
Patient self-report of physical activity
  International Physical Activity Questionnaire, Short Form “Past 7 days” 

(IPAQ-S7S)
Craig et al., 2003 [114]

 General Practice Physical Activity Questionnaire (GPPAQ) Dept. of Health, UK, 2009 [115]
Patient self-report of diet
  Rapid Eating and Activity Assessment for Participants-Short Version 

(REAP-S)
Segal-Isaacson et al., 2004 [116]

Mental health 
problems

Depression (patient self-report surveys)
Patient Health Questionnaire-2 (PHQ-2) Kroenke et al., 2003 [117]
Patient Health Questionnaire-9 (PHQ-9) Kroenke et al., 2001 [118]
MOS-Depression Screener Burnam et al., 1988 [119]
Beck Depression Inventory-II (BDI-II) Beck et al., 1996 [120]
Beck Depression Inventory FastScreen for Medical Patients (BDI-FS) Beck et al., 2000 [121]
Center for Epidemiologic Studies-Depression Scale (CES-D) Radloff et al., 1977 [122]
CES-D Short Form (CES-D-SF) Kohout et al., 1993 [123]
Anxiety (patient self-report surveys)
Generalized Anxiety Disorder-2 (GAD-2) Kroenke et al., 2007 [124]
Generalized Anxiety Disorder-7 (GAD-7) Spitzer et al., 2006 [125]
Multiple areas of distress (patient self-report surveys)
Hospital Anxiety and Depression Scale (HADS) Snaith, 2003 [126]
Patient Health Questionnaire (PHQ) Spitzer et al., 1994 [127]
Hopkins Symptom Checklist and derivatives (e.g., Brief Symptom Inventory; 
Symptom Checklist-90-Revised)

Derogatis, 1974; 1993; 1994 [128–130]

General Health Questionnaire (GHQ) Goldberg & Williams, 1988 [131]
Substance use Tobacco use (patient self-report surveys)

Fagerström Test for Nicotine Dependence (FTND) Heatherton et al., 1991 [132]
Fagerström Test for Nicotine Dependence-Smokeless Tobacco (FTND-ST) Ebbert et al., 2006 [133]
Alcohol use (patient self-report surveys)
CAGE Questionnaire Mayfield et al., 1974 [134]
Michigan Alcoholism Screening Test (MAST) Selzer, 1971 [135]
Short MAST (SMAST) Selzer et al., 1975 [136]
Brief MAST Pokorny et al., 1972 [137]
Alcohol Use Disorders Identification Test (AUDIT) Saunders et al., 1993 [138]
AUDIT-Alcohol consumption questions (AUDIT-C) Bush et al., 1998 [139]
Patient Health Questionnaire Alcohol items (PHQ-Alcohol items) Spitzer et al., 1994 [127]
Drug use and multiple areas of substance use (patient self-report surveys)
Single-Item Screen Smith et al., 2010 [140]
Drug Abuse Screening Test and its derivatives (DAST; DAST-20; DAST-10) Skinner, 1982; Yudko et al., 2007 [141, 142]
Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) WHO ASSIST Working Group, 2002 [143]
CAGE Questionnaire Adapted to Include Drugs (CAGE-AID) Brown & Rounds, 1995 [144]
RAFFT Questionnaire (RAFFT) Bastiaens et al., 2002 [145]
Biologic measures of tobacco, alcohol, or other drug use
Blood, urine, hair, and saliva samples can be tested for tobacco, alcohol and 
other drug use

Richter & Johnson, 2001; Grigsby et al., 
2017 [146, 147]
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BAASIS originated from assessments of other types of 
medications.

Concerning use of biologic assays and other indicators 
of medication nonadherence, transplant programs have 
often relied on biopsy evidence of graft rejection or low 
blood levels of a given medication to infer nonadherence. 
However, the use of such data for this purpose should be 
avoided. Both biopsy results and blood levels may be 
influenced by factors other than nonadherence. For exam-
ple, blood levels of immunosuppressants commonly fluc-
tuate over time and can be affected by blood draw timing, 
other medications’ impact on immunosuppressant metab-
olism, and dosing changes. To appropriately examine 
blood levels with respect to patient adherence, clinicians 
should employ one of the recently developed measures 
that determines whether blood level variability over time 
exceeds that expected due to biological factors or mea-
surement error. Two examples of such measures are shown 
in Table 10.3. The calculations for these measures would 
not be difficult to perform routinely using the repeated 
laboratory testing results available in patients’ medical 
records.

Both the self-report and blood level assessment strategies 
that we suggest focus on medication adherence. In some 
other areas of the regimen, nonadherence may relatively 
easily determined by periodic review of the patient’s medi-
cal record. For example, repeated failure to attend clinic 
appointments or complete blood work and tests indicates 
nonadherence to these requirements. Similarly, elevated 
and/or rising BMI would suggest difficulties with lifestyle 
issues (e.g., diet and perhaps exercise). A variety of screen-
ing tools exist for physical activity and level of exercise, 
although these measures have not been evaluated in kidney 
recipients. Two such measures are shown in Table 10.3. The 
IPAQ-S7S appears particularly suitable for routine clinical 
use given its strong research base [152]. A second measure, 
the GPPAQ, has been recommended for use in primary care 
practice in the UK [153], and thus may be appropriate as 
well, although the evidence base for this measure’s psycho-
metric properties is incomplete [154]. A brief measure to 
evaluate diet and nutrition, the REAP-S, may also be useful 
as a screen for identifying eating habits that are 
problematic.

Mental Health Problems Similar to the common practice 
of asking a few open-ended questions to assess adherence 
issues in kidney recipients, transplant teams may not system-
atically screen for psychological distress aside from asking 
general, open-ended question about how patients are feeling 
or how their mood has been. There are, however, many self- 
report measures available that can be used to screen patients 
for the presence of the most common problems, depression 

and anxiety. Prime examples are listed in Table  10.3. For 
depression, an ultra-brief screener, such as the PHQ-2, takes 
less than 1 minute to complete. Other measures such as the 
PHQ-9, the MOS-Depression Screener, the BDI-Primary 
Care, and the CES-D short form are also quite brief. Longer 
versions of these and other measures are also available, 
widely used, and have well-documented psychometric prop-
erties. The measures can be used as continuous scales to 
determine degree of distress. However, even more important 
from a screening standpoint, each has a cut point that can be 
used to identify patients with clinically significant distress 
warranting more extensive evaluation and, potentially, 
treatment.

Screeners such as the GAD-2 and GAD-7 are available to 
evaluate anxiety symptoms, and measures such as the HADS, 
the Patient Health Questionnaire, the Hopkins Symptom 
Checklist and its derivatives, and the General Health 
Questionnaire assess multiple areas of distress. Each of these 
measures has strong psychometric properties and, as for the 
depression scales, established thresholds to indicate clini-
cally significant distress.

Substance Use Transplant teams do not routinely monitor 
kidney recipients for tobacco, alcohol, or other drug use 
unless patients were identified before transplant as having a 
substance use disorder. For patients with no history of diag-
nosable disorder (the majority of kidney recipients), resump-
tion of substance use—particularly use at levels that exceed 
post-transplant care recommendations—may be discovered 
only if patients or families volunteer such information or if 
patients develop medical complications that lead to team 
suspicions and subsequent evaluation to determine whether 
patients are using proscribed substances. For patients at risk 
for substance use, transplant programs could consider 
employing self-report screens for areas of substance use that 
are of concern (see Table 10.3). There are many such screen-
ers available, including those that are specific to one type of 
substance use and those that assess use of any of multiple 
substances.

There are also a variety of biological assessments avail-
able, as noted in Table 10.3. However, such assessments are 
more costly than self-report screeners, require the patient to 
be seen at the follow-up clinic or a laboratory and may not 
detect sporadic use. In general, their findings will depend on 
the timing of the sample relative to actual substance use. 
They should be reserved for situations in which substance 
use risk is high or when substance use is suspected to be 
occurring on a regular basis [146]. Careful clinical inter-
viewing about possible substance use, conducted in conjunc-
tion with the use of self-report measures, may yield higher 
rates of substance use identification than a reliance on bio-
logical measures [155].
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 Clinical Intervention for Psychosocial Problems

The interventions tested in research summarized earlier should 
be considered for potential use with kidney recipients strug-
gling with adherence or mental health problems. We noted 
earlier that there is a dearth of research evidence on substance 
use interventions in kidney recipients. It is noteworthy that, 
although the evidence base on adherence-related and mental 
health-related interventions appears to be growing within 
transplantation, there has been very little consideration of 
whether the interventions tested would be able to be translated 
into routine clinical use. Most of the successful adherence-
focused interventions and psychotherapeutic interventions 
have involved multiple face-to-face sessions with patients. 
Perhaps the most important message from these studies is that 
one-on-one coaching of patients can indeed improve adher-
ence, and that both individual and group-based nonpharmaco-
logic psychotherapeutic strategies can be helpful for reducing 
patients’ depressive and anxiety symptoms. However, these 
interventions are likely to be labor-intensive for most trans-
plant teams, and teams may not have the expertise to mount 
some of the effective interventions. If patients have healthcare 
insurance coverage that allows for referral for counseling-
based strategies for adherence problems (including interven-
tions for “lifestyle” health- related issues such as diet, exercise, 
and obesity management) and/or for mental health services, 
such studies suggest that positive results could be obtained. Of 
note, the intervention tested by Reese and colleagues, involv-
ing text messaging and email reminders about medication-
taking, was also quite effective and may be a more realistic 
option for transplant programs to adopt. However, it also 
required electronic medication monitoring which, as we noted 
above, is not generally feasible for routine use. Nevertheless, 
the study suggests that use of mobile or e-health intervention 
strategies may hold particular promise for kidney recipients, 
and this is supported by intervention research in other types of 
organ recipients, as we discussed earlier.

We also noted earlier that there have been few tests of 
pharmacologic strategies for mental health issues in kidney 
recipients. Clinicians, therefore, must draw on the evidence 
regarding the safety and efficacy of strategies tested in other 
populations. Concerns have been voiced that altered drug 
clearances, drug-drug interactions, and prevalent cardiovas-
cular comorbidity may alter the risk/benefit profile of antide-
pressant and anxiolytic medications in patients with chronic 
kidney disease, even after kidney transplantation [31]. These 
concerns notwithstanding, there is a large practice-focused 
literature showing that psychopharmacologic options can be 
used safely and effectively with transplant recipients with 
stable organ function, including kidney recipients [34, 97, 
156, 157]. DiMartini et al. [97] provide a detailed consider-
ation of which psychotropic medications should be used as 

first-line strategies in organ recipients, who take a cocktail of 
immunosuppressants and other medications. In particular, 
many immunosuppressant agents are primarily metabolized 
by the cytochrome P450 (CYP 450) enzyme system. Thus, 
psychotropic medications that strongly inhibit CYP 450 3A4 
should be avoided (e.g., fluvoxamine and nefazodone). The 
selective serotonin reuptake inhibitors escitalopram and cita-
lopram are likely the best choices. They may also be the best 
choices for long-term treatment of anxiety in organ recipi-
ents [157]. Although sertraline may be considered, the recent 
trials that we reviewed earlier, which showed no benefit for 
the treatment of depression in patients with chronic kidney 
disease, suggest that sertraline may not be the best initial 
choice of antidepressant medication for kidney recipients if 
other options are available. Sertraline’s efficacy for anxiety 
in kidney disease populations has not been examined.

With respect to substance use, little to no research has 
focused specifically on kidney recipients. However, Corbett 
et al. [4] summarized evidence on efficacy of tobacco smok-
ing cessation therapies across multiple meta-analyses and 
systematic reviews in a variety of study populations, show-
ing that all major nicotine replacement therapies were effec-
tive. In addition, nicotine replacement therapy in combination 
with smoking cessation counseling appeared to be particu-
larly effective. The use of the medications bupropion and 
varenicline was also found to be effective. However, these 
medications require caution with transplant recipients [97]. 
Bupropion should not be used in patients with a seizure dis-
order history or with electrolytes disturbances that could 
contribute to a seizure. Varenicline is renally excreted and 
thus should be appropriately adjusted in kidney recipients, 
especially in the context of impaired graft function.

With respect to alcohol and other substance use, Parker 
et al. [10] provide an overview of counseling-based strate-
gies of potential use in transplant recipients, including moti-
vational interviewing and mutual self-help approaches (e.g., 
Alcoholics Anonymous and Narcotics Anonymous) that can 
be considered. Transplant programs would likely refer 
patients to such programs rather than attempt to offer them 
in-house. In transplant populations, care is needed in the use 
of pharmacotherapies for alcohol and other substance use 
[34, 97]. Medications to reduce cravings and relapse risk for 
alcohol (e.g., acamprosate, ondansetron, naltrexone) or opi-
oids (naltrexone) have not been studied in kidney or other 
organ transplant patients. Acamprosate is renally excreted 
and, therefore, the dosage may require adjustment in kidney 
recipients with impaired renal function. Naltrexone has a 
small risk of hepatotoxicity and would not be recommended 
in kidney recipients with liver dysfunction. Disulfiram is not 
recommended in transplant recipients. Please refer to Chap. 
42 for more details on psychopharmacology in transplant 
recipients.
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 Conclusions and Future Directions

Recent years have seen a great expansion in research exam-
ining psychosocial problems in the areas of medical regi-
men adherence, mental health, and substance use after 
kidney transplantation. The bulk of work has been descrip-
tive and has focused on prevalence and risk factors for 
problems. Nevertheless, our understanding of true risk fac-
tors, as opposed to correlates of post-transplant psychoso-
cial difficulties, has remained incomplete. The most potent 
risk factor for post-transplant psychosocial problems is a 
history of such problems before transplantation. This infor-
mation, at the very least, is valuable because it allows trans-
plant programs to identify kidney recipients who require 
more careful follow- up post-transplant regarding psycho-
social outcomes. Future work to provide a more definitive 
risk factor profile, plus continued emphasis on exploring 
patients’ own perceptions of the causes of nonadherence, 
mental health problems, and substance use problems, may 
allow (a) better identification of patients who may need 
close monitoring post-transplant and (b) tailoring of inter-
ventions to be more responsive to the specific issues of con-
cern to patients.

The evidence base indicating what interventions are 
most effective for psychosocial problems is also relatively 
slim. The bulk of evidence focuses on interventions to 
reduce or avoid immunosuppressant medication nonad-
herence, with very limited work testing interventions for 
other areas of nonadherence or for mental health prob-
lems. Virtually no research has examined interventions 
for substance use in kidney recipients. Drawing on avail-
able evidence in kidney recipients, as well as intervention 
research findings from other transplant, chronic disease 
and/or community populations, several recommendations 
for the care of kidney recipients can reasonably be made. 
Thus, screening for psychosocial problems is critical, and 
many tools are available to accomplish such screening 
efficiently during routine follow-up care after kidney 
transplantation. In the case of nonadherence, transplant 
programs will likely need to develop and administer their 
own interventions to assist patients, ideally modeled after 
interventions already tested. While some research- based 
interventions may not be feasible for transplant programs 
to employ (e.g., because the interventions may be too 
labor-intensive given program resources), transplant pro-
grams may be able to employ elements of these interven-
tions to assist their patients with adhering to the medical 
regimen. In the case of mental health and substance use 
interventions, it is likely that patients will need to be 
referred to specialists for care, unless transplant teams 
include mental health and addictions experts as team 
members. Future research with a focus on the dissemina-
tion and update of efficacious psychosocial interventions 

by kidney transplant programs is needed in order to pro-
vide teams with the best resources for aiding their patients 
with adherence-related, mental health, and substance use 
issues after transplantation.
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 Epidemiology of Cirrhosis

End-stage liver disease or cirrhosis is the twelfth leading 
cause of death in the United States (USA), accounting for 
over 38,000, or 1.5%, of all deaths in 2014 [1]. Cirrhosis rep-
resents an irreversible outcome of progressive hepatic fibro-
sis, characterized by diffuse nodular regeneration surrounded 
by dense fibrotic septa with architectural distortion [2]. The 
marked distortion of the intrahepatic vasculature and hepatic 
parenchymal extinction result in increased portal pressures 
and hepatic synthetic dysfunction. In the early stages of fibro-
sis, treatment aimed at the underlying cause of liver disease 
may prevent progression of or even reverse hepatic fibrosis. 
However, without treatment, cirrhosis may result.

The most common etiologies of cirrhosis in the United 
States are chronic viral hepatitis, alcoholic liver disease 
(ALD), and nonalcoholic steatohepatitis (NASH).

The viral hepatitis infections that lead to chronic liver dis-
ease are hepatitis B and C. While the overall prevalence of 
chronic hepatitis B infection in the United States is low, there 
remains a disproportionately high rate of infection in persons 
emigrating from regions of high or intermediate endemicity. 
As these persons usually acquire hepatitis B via perinatal 
transmission, the rates of chronic infection are quite high. 
Treatment of hepatitis B virus certainly reduces the risk of 
hepatocellular cancer and cirrhosis, but these significant com-
plications remain an important cause for liver transplantation. 
Exposure to hepatitis C virus results in chronic infection in 
75–85% of persons [3]. The most significant risk factor for 
acquiring hepatitis C infection is a history of injection drug 

use. Unfortunately, nearly 75% of hepatitis C infections are 
undiagnosed in the United States, which is a significant pub-
lic health concern [4]. There are large-scale screening efforts 
to diagnose hepatitis C in the community as the virus is read-
ily treatable with new direct-acting antivirals [5, 6].

Alcohol use disorder is a major cause of morbidity and 
mortality in the United States and accounts for over 88,000 
deaths annually [7]. Alcoholic liver disease encompasses a 
clinical and histologic spectrum of steatosis (fatty change in 
the liver), alcoholic hepatitis (inflammation, hepatocyte 
necrosis), and cirrhosis. There is a direct dose-dependent 
relationship between the amount of alcohol consumed and 
risk of liver disease; however, genetic factors likely contrib-
ute as well.

Nonalcoholic fatty liver disease (NAFLD) is rapidly ris-
ing in the United States and is prevalent in approximately 
30% of the overall population [8]. It is considered the hepatic 
manifestation of metabolic syndrome and is seen most fre-
quently in obese patients with diabetes, hypertriglyceride-
mia, and hypertension. Similar to ALD, NAFLD includes a 
spectrum of disease from simple steatosis to NASH to cir-
rhosis. It is unclear what percentage of patients with NAFLD 
will progress to NASH, but we believe that approximately 
15% of patients with NASH will develop cirrhosis.

While chronic hepatitis C virus (HCV) infection is the 
leading indication for liver transplantation and accounts for 
approximately 25% of all transplants currently, this is 
expected to decrease with highly effective and curative treat-
ment of HCV with direct-acting antivirals [9]. Recent trends 
on the liver transplant waiting list reveal that NASH will 
likely emerge as the leading indication for liver transplanta-
tion in the near future, as the rate of transplants for NASH 
has increased to over 20% in the past decade [10–12]. ALD 
remains an important cause of end-stage liver disease, 
accounting for nearly 20% of all liver transplants in the 
United States [13]. Of concern is the recent data from 
National Epidemiologic Survey on Alcohol indicating that 
the 12-month prevalence of alcohol use, high-risk drinking, 
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and alcohol use disorder is on the rise across all sociodemo-
graphic groups in the United States [14]. Other causes of cir-
rhosis include, but are not limited to, cholestatic liver disease 
such as primary sclerosing cholangitis and primary biliary 
cholangitis, autoimmune hepatitis, alpha-1 antitrypsin defi-
ciency, hemochromatosis, Wilson’s disease, veno-occlusive 
disease such as Budd-Chiari, and drug-induced liver injury.

 Natural History of Cirrhosis

The natural history of cirrhosis is characterized by an initial 
asymptomatic and often undiagnosed phase, termed com-
pensated cirrhosis. Patients with compensated cirrhosis have 
normal liver synthetic function and a median survival greater 
than 12 years [15]. Regardless of the etiology, patients with 
cirrhosis are susceptible to developing a variety of complica-
tions of portal hypertension and liver dysfunction, classified 
as decompensated cirrhosis. The risk of developing compli-
cations of cirrhosis, and hence transitioning from compen-
sated to decompensated cirrhosis, is approximately 5–7% 
per year [15]. Often, these complications are rapidly progres-
sive, leading to a markedly reduced life expectancy, with a 
median survival of 1.6 years.

 Complications of End-Stage Liver Disease

 Portal Hypertension Complications

Many complications from end-stage liver disease are a result 
of portal hypertension, or increased pressures within the por-
tal venous system. The structural distortion of hepatic paren-
chyma inherent to cirrhosis and increase in vasodilator 
production result in elevated resistance to portal blood flow 
and formation of collaterals [16]. Portal hypertension can 
lead to the development of ascites, varices, hepatic encepha-
lopathy, hepatorenal syndrome, hepatopulmonary syndrome, 
and portopulmonary hypertension.

 Ascites
Ascites is the pathologic accumulation of fluid within the 
peritoneal cavity and the most common complication of cir-
rhosis. Ascites develops as a consequence of sinusoidal 
fibrosis and systemic vasodilation. The dense fibrotic tissue 
and “capillarization” of hepatic sinusoids increase splanch-
nic capillary pressure and result in excess lymph formation 
that leaks into the peritoneal cavity from the hepatic surface 
[17]. Additionally, the profound systemic arterial vasodila-
tion due to increased nitric oxide levels activates the renin- 
angiotensin- aldosterone system, resulting in water and 
sodium retention, expansion of plasma volume, and hence 
ascites [18].

All patients with new-onset ascites should have a diagnos-
tic paracentesis performed to determine the serum-ascites 
albumin gradient (SAAG) and total cell count [19]. A SAAG 
>1.1 g/dL is consistent with ascites due to portal hyperten-
sion. A SAAG <1.1 g/dL warrants further investigation of the 
etiology of ascites, which may be from malignancy, tubercu-
losis, nephrotic syndrome, or another inflammatory condi-
tion. Ascites due to cirrhosis is initially treated with a 
combination of diuretics and salt restriction of 2000 mg per 
day. More stringent restriction in sodium intake is not recom-
mended as it is poorly tolerated and likely to lead to malnutri-
tion. Diuretic regimens usually include a combination of an 
aldosterone receptor antagonist, such as spironolactone, and a 
loop diuretic, such as furosemide [20]. Importantly, in patients 
with alcohol-induced liver injury, cessation of alcohol use is 
paramount in treating ascites [21]. In some patients with 
refractory ascites or significant hyponatremia limiting diuretic 
use, repeated therapeutic paracentesis or transjugular intrahe-
patic portosystemic shunt (TIPS) placement may be neces-
sary. Hepatic encephalopathy is an unfortunate frequent 
complication of TIPS, occurring in 30–60% of patients within 
1 year after the TIPS procedure [22]. A patent TIPS allows 
portal blood flow to bypass the liver, where toxic ammonia is 
converted to urea via the urea cycle. The accumulation of 
ammonia contributes to hepatic encephalopathy.

Cirrhotic patients with ascites are at risk of developing an 
infection in the peritoneal fluid, called spontaneous bacterial 
peritonitis (SBP). This infection occurs without evidence of 
an intra-abdominal secondary source and is characterized by 
an elevated ascites fluid absolute polymorphonuclear leuko-
cyte count ≥250 cells/mm3 or a positive bacterial culture [23]. 
In-hospital mortality after the first episode of SBP ranges 
from 10% to 50%, and among those who survive, 70% will 
have a recurrent episode within 1  year [24, 25]. Given the 
significant mortality associated with SBP, antimicrobial pro-
phylaxis is recommended in patients at high risk of develop-
ing SBP or those with a prior episode of SBP [19, 26].

 Hepatorenal Syndrome
Hepatorenal syndrome is the development of kidney failure 
in patients with advanced cirrhosis and marked portal hyper-
tension. It is perhaps the most deleterious complication of 
refractory ascites and is associated with rapid deterioration 
and high mortality [27]. In hepatorenal syndrome, the kid-
neys are structurally normal, but the marked circulatory dys-
function in advanced cirrhosis results in renal failure. As 
liver disease progresses, increased nitric oxide production 
results in splanchnic arterial vasodilation and reduced sys-
temic vascular resistance. When increases in cardiac output 
are unable to compensate for the reduced vascular resistance, 
arterial underfilling occurs. The underfilling of the renal 
 arterioles results in sodium and water retention, leading to 
ascites and edema, and further activation of vasoconstrictor 
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systems. These compensatory mechanisms help maintain 
effective arterial blood volume but can ultimately lead to 
intrarenal vasoconstriction, hypoperfusion, and hence renal 
failure [27–29].

There are two types of hepatorenal syndrome, differing in 
the rapidity of decline in renal function. Type 1 is associated 
with a worse prognosis and is defined as a doubling of serum 
creatinine to greater than 2.5 mg/dL in less than 2 weeks. 
Type 2 hepatorenal syndrome is a slower, more progressive 
disease associated with a creatinine greater than 1.5 mg/dL 
or creatinine clearance less than 40 cc/min. Both are associ-
ated with refractory ascites. The median survival with type 1 
hepatorenal syndrome is 1 month compared to 6 months with 
type 2 hepatorenal syndrome [30].

The diagnosis of hepatorenal syndrome is based upon 
clinical criteria including lack of improvement in renal func-
tion after withdrawal of diuretics and expansion of plasma 
volume, absence of shock, and lack of renal parenchymal 
disease. Treatment of hepatorenal syndrome includes vol-
ume expansion, midodrine for vasoconstriction to increase 
mean arterial pressure, and octreotide to decrease splanchnic 
vasodilation. The definitive cure for hepatorenal syndrome is 
liver transplantation. If liver transplant is not performed 
within 1  month of developing hepatorenal syndrome, the 
kidneys usually do not recover, and a combined liver and 
kidney transplantation may be necessary [30].

 Variceal Bleeding
Varices develop due to the increased portal blood flow into a 
fibrotic liver with high intrahepatic resistance. This leads to 
the formation of portal-systemic collaterals, including the 
dilation of the coronary and gastric veins that then constitute 
gastroesophageal varices [31].

In patients with compensated cirrhosis, gastroesophageal 
varices are present in 30–40% of patients compared to 85% 
of patients with decompensated cirrhosis. Varices develop at 
a rate of approximately 7–8% per year in patients with com-
pensated cirrhosis and progress from small to large varices at 
a rate of 10–20% per year [32]. Hence, screening for varices 
with esophagogastroduodenoscopy is recommended in all 
patients with cirrhosis to identify if varices are present and to 
stratify risk of bleeding. In patients with small varices at low 
risk of bleeding, nonselective beta-blockers, such as pro-
pranolol, nadolol, or carvedilol, may delay growth or prevent 
variceal hemorrhage. In patients with small varices with high 
risk of hemorrhage (stigmata of recent bleeding with red 
wale marks or varices in patients with decompensated cir-
rhosis), nonselective beta-blockers are recommended. Lastly, 
in patients with medium or large varices, either nonselective 
beta-blockers or serial endoscopic variceal ligation may be 
used to prevent bleeding [33].

Over 90% of variceal bleeding occurs from esophageal 
varices and only 10% due to gastric varices. Patients with 

variceal hemorrhage present with hematemesis and/or 
melena. Treatment of variceal hemorrhage requires a combi-
nation of vasoconstrictor (terlipressin, somatostatin, or ana-
logues such as octreotide) and endoscopic therapy with 
possible band ligation or sclerotherapy [34]. In patients with 
bleeding due to gastric varices, the use of tissue adhesives 
such as N-butyl-2-cyanoacrylate is more effective than band-
ing. Antibiotic prophylaxis with either norfloxacin or ceftri-
axone is also important as infections, such as SBP, often 
precipitate variceal hemorrhage [35]. In approximately 
10–20% of patients, this standard therapy fails and place-
ment of a TIPS should be considered. The mortality after an 
episode of variceal hemorrhage ranges from 15 to 25% 
within 6 weeks. In the past two decades, this mortality has 
decreased, likely due to improved endoscopic and vasoactive 
therapies as well as management with antibiotics [31, 34].

 Hepatic Encephalopathy
Hepatic encephalopathy describes the wide spectrum of neu-
ropsychiatric complications seen in patients with cirrhosis. 
The pathogenesis of hepatic encephalopathy is incompletely 
understood but generally involves ammonia shunting into the 
systemic circulation. Hyperammonemia results in neuronal 
dysfunction and decreased excitatory neurotransmission 
[36]. The degree of serum ammonia elevation does not cor-
relate with the severity of hepatic encephalopathy. The clini-
cal features of hepatic encephalopathy can vary from reduced 
awareness and irritability to coma as noted in the West Haven 
Criteria (Table 11.1) [37].

The initial treatment for hepatic encephalopathy is to 
reduce ammonia absorption from the intestinal lumen with 
the use of lactulose. Lactulose alters the microbiome in the 
gut to favor non-urease-producing bacteria, thereby reducing 
intestinal ammonia production [36]. Rifaximin reduces 
serum ammonia levels in a similar manner [38, 39]. The non-
absorbable nature of lactulose also results in the production 
of ammonium from ammonia in the colon and creates a 
cathartic effect. In addition to these medications, L-ornithine- 
L-aspartate (LOLA) and probiotics may improve hepatic 
encephalopathy for some patients. Ornithine and aspartate 

Table 11.1 West Haven criteria for hepatic encephalopathy

Stage Consciousness Intellect and behavior Neurologic findings
0 Normal Normal Normal exam
1 Mild lack of 

awareness
Shortened attention 
span, impaired 
addition or subtraction

Mild asterixis or 
tremor

2 Lethargic Disoriented, 
inappropriate behavior

Obvious asterixis, 
slurred speech

3 Somnolent but 
arousable

Gross disorientation, 
bizarre behavior

Muscular rigidity 
and clonus, 
hyperreflexia

4 Coma Coma Decerebrate 
posturing
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are important substrates in the metabolic conversion of 
ammonia to urea and glutamine, respectively. LOLA thus 
provides substrates for both of these ammonia detoxification 
pathways. It is important to identify and address the triggers 
for hepatic encephalopathy, as infection, gastrointestinal 
bleeding, dehydration or electrolyte disturbances, and renal 
insufficiency may be contributing to encephalopathy as well.

 Pulmonary Vascular Complications
Hepatopulmonary syndrome is characterized by arterial 
hypoxemia with a PaO2 of less than 70  mmHg and an 
arterial- alveolar gradient greater than 20 mmHg in patients 
with advanced liver disease. It affects anywhere from 10% to 
30% of patients with cirrhosis. Hepatopulmonary syndrome 
develops due to excess nitric oxide and capillary vasodila-
tion, which result in arteriovenous shunting or diffusion- 
perfusion defects [40]. Patients may have platypnea or 
orthodeoxia and may describe dyspnea. A transthoracic con-
trast echocardiogram may detect an intrapulmonary right-to- 
left shunt indicating intrapulmonary vascular dilations [41]. 
Rarely, a macroaggregated albumin scan is performed to 
confirm and quantify such a shunt.

Portopulmonary hypertension is the presence of pulmo-
nary hypertension in patients with portal hypertension from 
chronic liver disease and occurs in approximately 2% of 
patients. The severity of liver disease does not correlate with 
the severity of portopulmonary hypertension. It is classified 
as group 1 in the current classification of pulmonary hyper-
tension. Vasoactive substances that are usually metabolized 
by the liver reach the pulmonary circulation via portosys-
temic collaterals. The chronic exposure of the pulmonary 
vascular endothelium to these substances leads to smooth 
muscle endothelial proliferation, vasoconstriction, and oblit-
eration of the vascular lumen. The diagnosis of pulmonary 
hypertension is by a right heart catheterization. For the diag-
nosis of pulmonary hypertension, the mean pulmonary pres-
sure must be greater than 25  mmHg with a pulmonary 
capillary wedge pressure less than 15 mmHg [42].

 Hepatocellular Carcinoma

In addition to the portal hypertensive complications noted 
above, patients with cirrhosis are at risk of developing hepa-
tocellular carcinoma (HCC). Patients with chronic hepatitis B 
virus infection are also at risk of developing HCC in the 
absence of cirrhosis. The risk of developing HCC varies with 
the etiology of liver disease but, in general, ranges from 1% to 
5% per year [43]. The incidence of HCC has been rapidly ris-
ing in the United States over the last 20 years and is expected 
to continue its upward trajectory until 2030, largely due to the 
hepatitis C virus epidemic [44]. Because HCC is asymptom-
atic in its early course, the diagnosis is often delayed. Hence, 

screening at-risk patients for HCC with ultrasonography or 
cross-sectional imaging is recommended for early detection 
[45]. The diagnosis of HCC is suggested by elevated serum 
alpha-fetoprotein (AFP) or radiographic findings. The devel-
opment of decompensation in a patient with previously com-
pensated cirrhosis, abdominal pain, jaundice, and early satiety 
should all raise suspicion for HCC [46].

The only potentially curative treatment options for HCC 
are resection or liver transplantation. Treatment modality is 
dependent upon underlying liver function, degree of portal 
hypertension, and stage of the tumor. For patients unable to 
tolerate resection or awaiting liver transplantation, multiple 
therapeutic options exist including radiofrequency ablation, 
chemoembolization, radioembolization, and cryoablation 
[47]. These therapies are often not curative, but may control 
tumor growth for an interval of time. It is important to 
remember that a cirrhotic liver remains at risk of developing 
recurrent and de novo tumors.

 Indications for Liver Transplantation 
and Evaluation

In general, the major indications for liver transplantation are 
irreversible hepatic failure or liver cancer as noted in 
Table 11.2. These indications are similar regardless of the eti-
ology of liver disease. In the United States, there are approxi-
mately 14,000 candidates awaiting liver transplantation; yet 
only 7000 transplantations are performed annually [48]. 
Hence, the process of selecting appropriate candidates for 
liver transplantation is complicated by the realities of ration-

Table 11.2 Indications for liver transplantation

Fulminant hepatic failure
Complications of cirrhosis
  Ascites
  Hepatorenal syndrome
  Spontaneous bacterial peritonitis
  Hepatic encephalopathy
  Variceal hemorrhage
  Hepatopulmonary syndrome
  Portopulmonary hypertension
Liver neoplasms
  Hepatocellular carcinoma
  Epithelioid hemangioendothelioma
  Large hepatic adenomas
Liver-based metabolic conditions
  Primary hyperoxaluria
  Familial amyloidosis
  Alpha-1 antitrypsin deficiency
  Wilson’s disease
  Hemochromatosis
  Acute intermittent porphyria
  Glycogen storage diseases type I and IV
  Tyrosinemia
  Cystic fibrosis
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ing a limited societal resource. To reduce the gap in available 
organs, transplant centers are now using organs previously 
considered unsuitable for transplantation, called extended cri-
teria donor organs or living donors. The average 5-year sur-
vival following liver transplantation is more than 70%, owing 
to improved pre-transplant management, surgical techniques, 
organ preservation, and immunosuppression.

 Timing of Liver Transplantation Referral

There are several predictive models to determine a patient’s 
prognosis from end-stage liver disease. The two most com-
mon models are the Child-Pugh classification and Model for 
End-Stage Liver Disease (MELD) score. The Child-Pugh 
classification was originally developed to stratify the risk of 
portacaval shunt surgery in patients with cirrhosis but has 
since been shown to correlate with survival in patients not 
undergoing surgery. The variables included in this classifica-
tion include serum albumin, bilirubin, prothrombin time, 
ascites, and encephalopathy, and scores range from 5 to 15. A 
score of 5 or 6 is indicative of Child-Pugh class A or well- 
compensated cirrhosis; a score of 7 to 9 is Child-Pugh class B 
cirrhosis or moderate hepatic impairment; and a score of 
10–15 classifies as Child-Pugh class C or decompensated cir-
rhosis. The 1-year survival rates for patients with Child- Pugh 
class A, B, and C cirrhosis are approximately 100%, 80%, 
and 45%, respectively [49]. Due to subjectivity in categoriz-
ing ascites and encephalopathy in the Child-Pugh classifica-
tion, the MELD score became more favorable. The MELD 
score is based entirely on laboratory data including serum 
bilirubin, creatinine, and international normalized ratio 
(INR). The MELD score was recently modified to incorpo-
rate serum sodium given its correlation with survival [50, 51]. 
As the MELD system offers objective data that is free of bias 
and directs donor organs to the sickest irrespective of waiting 
time, it is the current method of donor organ allocation.

A referral for liver transplantation is recommended in any 
patient that develops decompensated cirrhosis or has major 
complications of cirrhosis including cancer. The timely 

 recognition of the need for transplant and referral to a trans-
plant center are very important in this process. Patients with 
a MELD score ≥ 10 should be referred to a transplant center 
for evaluation. While transplantation is generally not consid-
ered beneficial until the MELD score is above 15, it is impor-
tant to begin the evaluation process early and before a patient 
becomes significantly more ill [52].

 Liver Transplant Evaluation Process

The evaluation to determine if a patient is a candidate for 
liver transplantation is relatively uniform across transplant 
centers and necessarily rigorous. The goal of the evaluation 
process is to determine (1) if transplantation is the best 
option for long-term survival, (2) if there are comorbid medi-
cal or psychosocial conditions that would outweigh the ben-
efit of transplantation, and (3) the urgency of proceeding 
with transplantation.

The transplant evaluation process involves several sequen-
tial and simultaneous steps as outlined in Fig. 11.1. Ideally, 
this process can be completed within a few days, but it may 
be prolonged if additional subspecialty consultations are 
required. For example, patients with a substance use disorder 
or significant mental illness may require a referral to trans-
plant and/or addiction psychiatry. Once a thorough medical 
and psychosocial evaluation of the transplant candidate has 
been performed, they are presented at a transplant selection 
meeting with attendees of disciplines from each step of the 
process above. Based on the discussion at this meeting, the 
candidate may be listed for transplant, deferred until addi-
tional evaluation is completed and/or suggested/required rec-
ommendations implemented or declined.

Each transplant center has its unique policies regarding 
absolute contraindications to transplant. These are listed in 
Table 11.3. In the past, most transplant centers adhered to 
a strict policy of requiring 6 months of sobriety prior to 
wait- listing patients with ALD for transplantation. 
However, more recent data suggest that the “6-month rule” 
may not be validated. Some patients with severe ALD 
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might require longer time for sobriety and rehabilitation. 
On the other hand, patients with severe alcoholic hepatitis 
with 6-month survival of only 30% who fail to respond to 
medical therapy and are carefully selected might do well 
post-transplantation with less than 6-month sobriety [53]. 
Several transplant centers in the United States and Europe 
have developed protocols to consider liver transplantation 
in this group of patients [54, 55]. Importantly, the involve-
ment of addiction psychiatrists is paramount in the ade-
quate selection of candidates that have the highest 
predicted risk of relapse. Please see Chap. 45 on substance 
use disorders for further discussion.

Once a patient is deemed to be an acceptable transplant 
candidate, they are placed on the waiting list based on their 
MELD score and blood type. Donor organs are allocated first 
locally and then regionally. There are several possible excep-
tions or extra MELD points that candidates can receive for 
specific clinical conditions, including hepatocellular carci-
noma, primary sclerosing cholangitis with biliary sepsis, and 
hepatopulmonary syndrome.

 Conclusions
In summary, end-stage liver disease is a significant cause 
of morbidity and mortality in the United States. Once 
complications from cirrhosis arise, including hepatic 
encephalopathy, ascites, and esophageal variceal bleed-
ing, a liver transplantation should be considered. 
Additionally, patients with fulminant hepatic failure, 
liver-based metabolic defect, hepatocellular carcinoma, 
or a systemic complication of liver disease should be 
referred for a transplant evaluation. The ensuing workup 
and decision regarding transplant candidacy is a process 
involving a multidisciplinary team at the transplant 
center.
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 Introduction

Mental health care professionals caring for patients with 
liver disease require both an understanding of the inherent 
liver disease process and an awareness of mental health dis-
orders that commonly co-occur with liver diseases. The main 
causes of cirrhosis worldwide, alcoholic liver disease (ALD) 
and some cases of viral hepatitis, develop due to substance 
use behaviors, and clinicians need to be aware of the evalua-
tion and treatment of addiction disorders. In other liver dis-
eases, the presenting symptoms can be psychiatric in nature, 
and patients may seek psychiatric care before the correct 
liver disease diagnosis is known. For all patients with liver 
disease, as sequelae of end-stage disease develop, associated 
physiological changes may affect cognition, physical func-
tioning, and medication pharmacokinetics. In this chapter we 
review the symptoms, sequelae, and psychiatric conditions 
common to liver diseases. Although we will briefly review 
the basics of drug metabolism in end-stage liver disease, 
Chap. 42 Psychopharmacology in Transplant Patients pro-
vides a comprehensive overview of psychotropic medica-
tions following transplant. Additionally, while Chap. 3 
covers the evaluation of transplant candidates in general, 
here we will briefly address psychotherapeutic issues more 

commonly encountered by mental health professionals eval-
uating end-stage liver disease patients undergoing transplant 
evaluation. The medical/surgical indications for liver trans-
plantation (LT) are further reviewed in Chap. 11. Finally, we 
review the issues relevant to terminal care management, with 
consideration for palliative care consultation.

 Specific Common Liver Diseases with Mental 
Health Disorder Implications

ALD, chronic hepatitis C, and nonalcoholic steatohepatitis 
are the most common causes of chronic liver disease (CLD) 
worldwide and the most common indications for LT in the 
USA [1–6].

 Alcoholic Liver Disease

In addition to being a common liver disease and indication 
for LT, ALD accounts for 48% of all deaths from cirrhosis 
[7]. ALD represents a continuum of liver pathology caused 
by excessive alcohol consumption [8] that includes alcoholic 
steatosis, alcoholic hepatitis, and cirrhosis. Interestingly, a 
study examining the effects of alcohol on liver disease found 
that the total lifetime alcohol intake is similar in alcoholic 
patients who develop liver disease and those who do not 
develop liver disease [9]. However, among adult females 
who drink alcohol, an increased number of drinking days 
was associated with an increased risk of ALD. In addition, 
females with ALD had a lower overall lifetime alcohol intake 
than males with ALD, suggesting that females require lower 
overall alcohol exposure to progress to ALD than do males 
[9]. Nevertheless, while there is no specified amount of con-
sumed alcohol that predictably results in ALD and while the 
diagnosis of ALD is not synonymous with a history of alco-
hol use disorder (AUD) [8, 10], heavy prolonged alcohol use 
(80 g/day in males or 20 g/d in females) is associated with 
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ALD [8, 10, 11]. Indeed, 10–35% of heavy drinkers will 
develop alcoholic hepatitis, and 10% will go on to develop 
cirrhosis [12]. Of all patients diagnosed with ALD, 70–95% 
likely meet criteria for AUD [13–15] (see Table 12.1 for lev-
els of at-risk drinking).

Clearly important to the diagnosis of ALD is the collec-
tion of an accurate, detailed alcohol consumption history. 
Mental health providers may be better suited to the task of 
asking such detailed questions in a nonjudgmental fashion, 
avoiding the constraints of patient denial, underreporting, or 
underestimation of alcohol-related problems by the clini-
cian. Indirect phrasing using simple declarative sentences 
that invite the patient to agree or disagree can create a less 
confrontational interview and provide a context for more 
accurate disclosure [16]. While primary interventions for at- 
risk drinkers could prevent ALD, once developed, the defini-
tive treatment is complete sustained abstinence, not reduced 
drinking. Clinicians should work diligently to get patients 
into addiction treatment (see section on AUDs below). 
Clinicians should additionally evaluate for and recommend 
treatment of other common comorbid psychiatric disorders. 
In a recent study, patients hospitalized for ALD had an 
increased prevalence of psychiatric diagnoses compared to 
patients hospitalized for non-ALD, with significantly higher 
rates of depression, anxiety disorders, adjustment disorders, 
post-traumatic stress disorder, and personality disorders [7].

 Chronic Viral Hepatitis

Hepatitis C (HCV) is responsible for the vast majority of 
chronic viral hepatitis cases in the USA. The primary route 
of HCV transmission is intravenous (IV) drug use; once 
infected, 75–85% of individuals will develop a chronic 
HCV infection, and 60–70% will progress to CLD [17]. 
Early detection is key to preventing liver disease as newer 
extremely effective oral HCV treatments are resulting in 

high cure rates with shorter treatment times. Ultimately 
treatment of the underlying drug addiction is needed as 
cured individuals can become reinfected. Hepatitis B (HBV) 
is implicated in a small percentage of CLD cases; its inci-
dence decreased significantly following the introduction of 
the HBV vaccine [18, 19].

Chronic viral hepatitis B and C are associated with a 
lower health-related quality of life (QOL) as compared to 
the general population, including in domains of mental 
health and role limitation due to emotional problems [20, 
21]. HCV is able to invade neuronal tissue, and HCV-
positive patients have been shown to suffer from neurocog-
nitive deficits, such as impaired concentration, working 
memory, and visuomotor processing [22, 23]. HCV is asso-
ciated with an increased risk of psychiatric disorders [22–
28], although there is significant variability in prevalence 
estimates between studies [21–29]. In addition, although 
many psychiatric diagnoses are associated with increased 
risk of HCV infection, it is often difficult to determine 
whether an individual’s psychiatric disorder(s) antedated or 
developed after their HCV infection [27]. In contrast, rates 
of depression in patients with HBV (4–6.4%) [21, 26, 28] 
are similar to those of the general population but do tend to 
increase with disease severity [30, 31]. Individuals with 
HCV are also more likely to have a history of substance 
abuse, as compared to the general population and those with 
HBV.  Studies have demonstrated that 51–88% of patients 
with HCV have a substance abuse history, compared with 
10–20% of general population, and an estimated 16% of 
patients with HBV [11, 23, 32–34]. Similarly, 28–83% of 
patients with HCV have a history of IV drug use [11, 32, 34, 
35], compared to 2.6% of the general population [36].

 Nonalcoholic Steatohepatitis

Nonalcoholic fatty liver disease (NAFLD) is a growing cause 
of CLD and hepatocellular carcinoma [3, 4, 6, 37–39]. It 
encompasses a range of liver pathology, from incidental 
hepatic steatosis (also called nonalcoholic fatty liver, NAFL) 
to nonalcoholic steatohepatitis (NASH) [38, 39]. It is esti-
mated that 27–55% of patients with NAFLD also hold a 
diagnosis of depression [28, 40], and a correlation between 
generalized anxiety disorder and major depressive disorder 
and severity of liver histological findings has been demon-
strated [40]. Since obesity increases the risk for NAFLD, 
binge eating disorder and other overeating disorders are also 
overrepresented in the NAFLD population [41]. The connec-
tion between NAFLD and psychiatric disorders is multifac-
torial and bidirectional in nature. Common mediators of both 
include alterations in behavioral patterns (decreased activ-
ity), eating patterns, level of neuroinflammation and oxida-
tive stress, and lack of access to health care [40, 41]. Many 

Table 12.1 National Institute on Alcohol Abuse and Alcoholism defi-
nition of at-risk drinking levels for developing an AUD

Men Women
On any single day >4 standard drinksa

or >3–4 unitsb

>3 standard drinks
or >2–3 units

Total drinks per week >14 standard drinks
or >21 units

>7 standard drinks
or >14 units

Source: https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-
consumption/moderate-binge-drinking.
According to NIAAA, only 2 in 100 who drink below these limits have 
an AUD.  However, low risk does not mean “no” risk especially for 
those with health problems.
aA US standard drink equals 0.6 fluid ounces or 14 g of pure alcohol 
(e.g., a 12 oz. 5% beer or 1.5 oz. of 80 proof liquor)
bIn the UK, one unit of alcohol is defined as 10 mL (7.9 g of pure alco-
hol). In other European countries, units differ in size, ranging from 8 to 
14 g of pure alcohol
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psychiatric disorders, including depression and psychotic 
disorders, are associated with poor adherence to medical 
interventions, and many psychotropic medications carry a 
risk of weight gain [40, 41]. Whether switching psychotropic 
medications could help weight reduction without destabiliz-
ing the underlying psychiatric disorder would need to be 
decided by the psychiatric provider.

Treatment guidelines for NAFLD recommend lifestyle 
changes prior to medication trials [42]. Behavioral therapies 
including cognitive behavioral therapy (CBT) can be effec-
tive in weight loss and improving markers of liver disease 
[41, 42]. Psychotherapeutic approaches combined with 
weight loss programs have also been studied, although 
patients often regain a portion of the weight lost during the 
intervention [41]. As obesity is a chronic health problem, 
some level of ongoing support is likely necessary to maintain 
long-term treatment effects [41]. However, such treatments 
are unlikely to be provided in the gastroenterologist’s clinic. 
Mental health clinicians may be best suited to evaluating and 
arranging for such therapies. Collaborative care models are 
best suited to addressing the comorbid liver and mental 
health disorders in these complex cases [41]. If psychotropic 
medications are indicated, the potential risk of psychotropics 
that promote weight gain should be carefully considered.

 Neurocognitive and Neuropsychiatric 
Manifestations of CLD

 Hepatic Encephalopathy

Hepatic encephalopathy (HE) is a neuropsychiatric syn-
drome arising out of declining liver function and/or porto-
systemic shunting [43]. Patients can present with alteration 
of consciousness (including stupor or coma), cognitive 
impairment, confusion/disorientation, affective/emotional 
dysregulation, psychosis, behavioral disturbances, and phys-
ical signs such as asterixis. HE can be episodic or persistent 
[44]. While overt HE is typically evident on clinical exami-
nation, subtle or subclinical HE may require neurocognitive 
testing to identify it [44] (see Vilstrup et al. [43] for review). 
While less obvious, subclinical HE can be deleterious to 
daily self-management tasks such as medication taking or 
complex tasks such as driving [45]. Mental health clinicians 
are more likely than other clinicians to use and be able to 
interpret basic neurocognitive testing. Commonly used HE 
screening instruments, such as the trail making tests, exam-
ine processing speed, concentration, and attention. To over-
come time and provider barriers, a recent study piloted the 
use of neurocognitive testing through a self-scoring smart 
phone app using the Stroop test [46]. Eventually such apps 
may allow clinicians and patients to monitor minimal HE 
symptoms in real time, perhaps even remotely [46].

While high blood ammonia levels alone do not add any 
diagnostic, staging, or prognostic value in HE patients [43], 
they can aid in a questionable diagnosis, and if ammonia- 
lowering drugs are being used, repeated measurements of 
ammonia may be helpful to follow treatment efficacy [43]. 
Malnutrition is implicated in the development of HE, and the 
amelioration of nutritional status is an effective goal to 
decrease the prevalence of cognitive impairment in these 
patients [47]. As with other types of delirium, the use of anti-
psychotic medications may aid in severe symptom relief but 
not in treating the underlying disorder. Also see Chap. 11 for 
additional discussion of HE.

 Alcohol Related Cognitive Impairment in CLD

Cognitive impairment in individuals with AUD and CLD is 
often multifactorial, reflecting a combination of alcohol neu-
rotoxicity, nutritional derangements, and HE.  In general, 
malnutrition is a common feature of CLD resulting from 
inadequate intake, impaired absorption, and altered metabo-
lism that is often associated with neuropsychiatric complica-
tions as well as outcomes following LT [47]. Alcohol-related 
dementia encompasses clinical entities such as Wernicke-
Korsakoff syndrome. Heavy alcohol use is associated with 
nutritional deficiencies including thiamine deficiency [48, 
49]. Thiamine deficiency can result in Wernicke’s encepha-
lopathy, classically described as a triad of symptoms includ-
ing oculomotor findings, cerebellar dysfunction, and altered 
mental status, but in reality presenting more subtly [50]. If 
untreated, Wernicke’s encephalopathy can progress to 
Korsakoff’s dementia, a syndrome of permanent cognitive 
impairment characterized by the inability to create new 
memories [49].

 Wilson’s Disease

Wilson’s disease (WD) is an autosomal recessive disorder of 
copper transport resulting in the inappropriate deposition of 
copper in multiple organs, including the liver, eyes, and 
brain. Copper deposition in the liver parenchyma leads to an 
increased risk of HE. Copper deposition in the brain leads to 
direct damage to neuronal tissue and a broad variety of psy-
chiatric and neurological symptoms. Neurological and psy-
chiatric symptoms in WD typically begin in the second or 
third decade. Psychiatric symptoms include affective disor-
ders, changes in personality/behavior, cognitive dysfunction, 
and psychotic symptoms [51–53]. Psychiatric or cognitive 
symptoms can antedate the diagnosis of WD, and almost half 
of patients will first present with neurological or psychiatric 
symptoms: 30–60% will have depressive symptoms, 18–30% 
will have bipolar illness, 46–71% will have personality 
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changes, approximately 25% will have cognitive impair-
ment, and 4–16% will engage in suicidal behaviors during 
the course of the disease [54, 55]. Patients can also present 
with extrapyramidal symptoms, as the caudate and putamen 
are the most common areas of the brain to be affected [52, 
54]. Typically, the presence of the ocular findings of Kayser- 
Fleischer rings and serum ceruloplasmin <10 mg/dl are suf-
ficient to establish the diagnosis [56]. In general, treatment 
options include the copper chelators, which must be taken 
lifelong. LT is a rare consideration in WD since the condition 
usually responds to medical therapy.

 Porphyrias

Porphyrias are inherited or acquired disorders of heme pro-
duction. Five of the eight classes of porphyrias result in the 
accumulation of heme precursors in the liver. Four of these 
five have prominent neuropsychiatric symptoms. Porphyrias 
present as discrete, acute “attacks” of psychiatric and physi-
cal symptoms. Common psychiatric symptoms include anxi-
ety, depression, psychosis, delirium, and catatonia, and 
common physical symptoms include abdominal pain, consti-
pation, vomiting, peripheral neuropathy, and bullous or ery-
thematous rash. Of note, psychiatric symptoms can persist 
after the resolution of other symptoms associated with the 
acute episode [52, 57–59]. Porphyrias can be easily misdiag-
nosed as conversion disorders, primary psychotic disorders, 
personality disorders, primary mood disorders, and a chronic 
fatigue disorder [57]. Triggers for episodes can include 
stress, dieting/eating disorders, sun (if cutaneous), cocaine, 
certain alcoholic drinks (whisky and red wine), and a host of 
medications, many of which are psychotropics (http://www.
drugs-porphyria.org/) [52, 57, 58]. Acute attacks of por-
phyria can be confirmed by demonstration of a markedly 
increased urinary porphobilinogen and aminolevulinic acid 
levels. If severe, LT can be pursued although this does not 
necessarily correct the underlying etiology [58].

 Common Mental Health Disorders in Liver 
Disease

 Depression

Depressive disorders are among the most prevalent mental 
health disorders in the general population, and depression 
can influence a patient’s course and symptomatology in the 
presence of liver disease. While the WHO estimates 19% of 
US adults will experience depression in their lifetime [60], 
lifetime rates of depression were 35% in one study of patients 
with advanced liver disease, using a diagnostic structured 
lifetime interview [61]. The mechanisms underlying the 

association between liver disease and depression are not 
fully understood. A study found that after adjusting for con-
founding variables including age, sex, ethnicity, marital sta-
tus, smoking status, and amount of alcohol consumed, 
patients with liver disease have a risk of developing depres-
sion that is 2.2 times that of individuals without liver disease 
[62]. There is some evidence to suggest that the etiology of 
the liver disease may explain the development of depressive 
symptoms. For example, in patients with HCV, the virus 
impacts dopaminergic and serotonergic neurotransmission 
[63]. There is also a psychological component to the etiology 
of depressive symptoms in HCV patients due to stigma asso-
ciated with the diagnosis of a chronic infectious disease [25]. 
In addition to higher rates of depression diagnoses, liver dis-
ease is associated with a threefold increase in risk of a sui-
cide attempt compared to those without liver disease [62]. As 
is seen in other chronic disease states, liver disease is associ-
ated with decreased overall health-related QOL [62]. HE is a 
relatively common finding in liver disease patients and can 
manifest as changes in mood, personality, cognition, and 
alertness as well as psychomotor changes. While there is 
overlap in the symptomatology of HE and major depressive 
disorder, these represent two distinct syndromes [63]. It is 
important to screen patients for depressive symptoms, as 
untreated depressive symptoms contribute to worse treat-
ment outcomes throughout the course of CLD.

 Alcohol and Substance Use Disorders in Liver 
Disease Patients

Alcohol As noted above, substance use disorders (SUDs) 
are commonly associated with alcoholic and viral liver dis-
ease. Perhaps due to the prevalence of ALD, the bulk of the 
literature addresses the co-occurrence of ALD and AUD. The 
definitive treatment for AUD and ALD is sustained absti-
nence—not reduced drinking—and this information should 
be made very clear so that patients do not “tailor” advice to 
suit their beliefs or denial [64]. Nevertheless, simply educat-
ing on the dangers of continued alcohol use, while necessary, 
is insufficient to produce sustained abstinence. Additionally, 
brief interventions in this population would likely not be 
effective. A meta-analysis of behavioral interventions in pri-
mary care settings found no evidence for the use of brief 
interventions for patients with AUD [65]. While ALD 
patients may seek treatment for their ALD symptoms, they 
often do not consider that they have any need for addiction 
counseling. In fact, study of ALD patients being evaluated 
for LT found these patients did not perceive themselves to 
have an addiction disorder, were more preoccupied with 
their medical treatments, and were reluctant or resistant to 
consider addiction counseling [66]. Motivational interview-
ing (MI) can be a helpful strategy to overcome ambivalence 
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and resistance to seeking treatment [66, 67] and is described 
in more detail in Chap. 43. Clinicians should additionally 
evaluate carefully for comorbid psychiatric disorders as an 
estimated 36% of patients with AUD will also have a depres-
sive disorder, 12% will have an anxiety disorder, and 25% 
will abuse substances other than alcohol [14].

Clinicians should work diligently to get patients into 
addiction treatment or dual diagnosis addiction treatment if 
indicated. Follow-up to ensure patients are participating in 
treatment may be necessary. Unfortunately, patients diag-
nosed with ALD often continue to consume alcohol and, 
even after a period of pre-transplant sobriety, can relapse 
following LT [12, 68–73]. The intensity of treatment will 
depend on the severity of the AUD, likelihood of requiring 
detoxification, and type and intensity of prior rehabilitation 
attempts. For patients with ALD, motivational enhancement 
therapy (MET), CBT, MI, supportive therapy, and psycho-
education, either alone or in combination, have been used to 
reduce alcohol consumption [74, 75]. Weinrieb et  al. [75] 
demonstrated a reduction in number of drinking days and 
total number of drinks for patients receiving MET, relative 
to a treatment as usual group who were referred to local 
resources. Other groups have achieved increased rates of 
abstinence and reduced rates of recidivism but have done so 
only when combining psychotherapy with medical treat-
ment [74]. A multidisciplinary team approach in the gastro-
enterologist’s office where ALD patients may initially seek 
care could be the most effective means to provide for the 
comprehensive care needs of ALD-AUD patients. In one 
center, embedding psychiatry and social work in a gastroen-
terology service resulted in a marked improvement in the 
accuracy of drinking histories obtained, ability to provide 
medical and psychiatric care at one appointment, and refer-
ral for addiction treatment and communication between 
patients, their families, and their clinicians [76]. Importantly, 
monitoring of alcohol abstinence by regular interviewing 
and random biological marker testing are necessary as both 
methods independently contribute to the identification of 
ongoing use [77].

Medications to reduce the positive effects of and cravings 
for alcohol and thereby reduce alcohol consumption can be 
used to augment psychotherapeutic treatments. Acamprosate 
may be a potential pharmacological treatment but is renally 
excreted, and the dose may require reduction if hepatorenal 
syndrome exists. While naltrexone could also be considered 
in stable cirrhosis, it is contraindicated in acute hepatitis or 
liver failure. In particular, naltrexone is not advised for 
patients with serum aminotransferase levels greater than 3–5 
times the normal limit [78].

Tobacco Patients with AUD or ALD also have an increased 
prevalence of co-occurring tobacco use compared to others 
[7, 79]. Like alcohol use, tobacco use is also harmful to liver 

health. There is increasing evidence that cigarette smoking 
may negatively affect the incidence, severity, and clinical 
course of many types of CLDs, perhaps due in part to its 
promotion of fibrogenesis [80]. Cigarette smoking predicts 
reduced survival time in patients with hepatocellular carci-
noma with concurrent HCV and HBV [81]. Thus, in addition 
to other potential health benefits, promoting and assisting 
patients in smoking cessation for liver health are strongly 
recommended. In addition to pharmacological therapies 
such as nicotine replacement therapy, varenicline or bupro-
pion, there are a number of online self-help programs for 
smoking cessation (e.g., American Lung Association’s 
Freedom From Smoking program, www.freedomfromsmok-
ing.org).

 Opioid Maintenance Therapy Opioid use disorders are 
common in patients with viral hepatitis/cirrhosis. Opioid 
maintenance therapy (OMT) (e.g., methadone or buprenor-
phine) can be an effective and long- term strategy for achiev-
ing stability for those with an opioid addiction. However, 
when stably abstinent methadone- maintained patients are 
tapered and discontinued from their methadone, relapse 
rates typically exceed 80% [67], and similar relapse rates 
exceeding 50% are seen in those who involuntarily discon-
tinue buprenorphine [82]. Therefore, while dose adjustments 
may be required to accommodate deteriorating hepatic func-
tioning and/or development of HE, the standard of care 
would be to continue OMT until the patient and treating 
addiction clinician determine the proper time to taper and 
discontinue treatment. A mandate to taper off OMT as pre-
requisite for LT or other medical treatments (e.g., HCV 
treatment) is not recommended and puts the patient at risk of 
relapse during a highly stressful time of medical illness. A 
2000 survey of LT programs’ approaches to OMT showed 
56% of programs accepted patients on methadone mainte-
nance, but 32% of programs required that patients discon-
tinue methadone use [83]. Although attitudes may have since 
changed toward OMT LT candidates, mental health clini-
cians may need to educate the LT team about the appropri-
ateness of continuing OMT.

Marijuana Aside from the health risks of smoked mari-
juana (e.g., respiratory inflammation and infection), there is 
equivocal evidence that cannabinoids directly affect the pro-
gression of liver disease. This is likely related to the fact that 
cannabinoid receptors produce complimentary effects on the 
liver, some exerting profibrogenic and pro-inflammatory 
effects, while others inhibit or even reverse liver fibrogenesis 
[84, 85]. Thus, while some studies of HCV and NAFLD 
patients demonstrate worsening of liver disease in those who 
used cannabis [86–88], others do not find such an association 
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[89, 90]. However, in healthy individuals, the use of  
exogenous cannabinoids is well known to impair cognition. 
In addition to these known effects, for those with liver dis-
ease, one subset of cannabinoid receptors may worsen symp-
toms of HE [91].

Although patients may assert a need to use cannabis for 
medicinal reasons, there is no medical indication for smoked 
marijuana, and no other medicine is smoked [92, 93]. 
Additionally, studies demonstrating the beneficial effects of 
cannabinoids for various medical illnesses and symptoms 
were conducted using pharmaceutical agents approved by 
the FDA (e.g., dronabinol and nabilone), not smoked or 
eaten cannabis [92, 93]. If use of marijuana is medically 
indicated, then rather than relying on medicinal marijuana 
which has no regulatory oversight for quality and purity [92, 
93], using a prescribed pharmaceutical would be safer, espe-
cially in medically ill individuals. However, until the exact 
effects of cannabinoids on the progression of liver disease 
are fully understood, the use or prescription of any cannabi-
noid in patients with liver disease should be done with sig-
nificant caution.

 Pain in Cirrhosis

Pain is commonly reported in patients with cirrhosis, with 
recent studies suggesting upward of 80% of patients experi-
encing pain [94–96] and a similarly high percentage, 75% in 
one study, experiencing chronic pain-related disability [94]. 
Chronic pain in cirrhosis is associated with the disease stage 
and increases in prevalence as cirrhosis progresses [97, 98]. 
Disability related to pain is additionally associated with the 
severity of pain, psychiatric symptoms, prescription opioid 
use, and elevated inflammatory markers [94]. While patients 
with cirrhosis may experience non-liver-related pain, the 
high prevalence of abdominal pain is likely associated with 
liver disease-related factors including ascites, hepatic capsu-
lar distension, and splenomegaly [94, 99, 100]. Patients with 
ascites and abdominal pain require evaluation to rule out 
spontaneous bacterial peritonitis. HCV has been associated 
with irritable bowel symptoms and visceral hyperalgesia, 
which may further contribute to the prevalence of abdominal 
pain complaints in this population [101]. Furthermore, one 
of the key elements of cirrhosis pathophysiology is systemic 
inflammation with associated increased production of pro- 
inflammatory cytokines [102], the same cytokines associated 
with pain.

Despite the awareness of the opioid epidemic and increas-
ingly strict regulations for the prescription of opioid analge-
sics, the use of prescribed opioids in this population is high. 
Prescription prevalence estimates of opioids are 24–54% for 
patients with cirrhosis [100]. Although the use of opioid 
analgesics is likely partly due to poor alternatives for the 

treatment of moderate to severe pain, cirrhosis is a risk factor 
for opioid-related complications (e.g., respiratory and cen-
tral nervous system depression). Additionally, opioids can 
contribute to symptoms of HE and further slow intestinal 
motility, diminishing the efficacy of ammonia-reducing 
medications. Opioid use predicts hospital readmissions in 
cirrhosis [103] and, in a study of cirrhotic patients who 
underwent LT, the use of opioids before and after LT was 
associated with poor patient and graft survival [104]. 
Whether opioid use itself or comorbidities associated with 
opioid use are driving mortality requires further investiga-
tion. Additionally, only a minority of LT recipients who use 
opioids have been found able to taper and discontinue opioid 
analgesics following transplant, suggesting that perhaps a 
large proportion of patients had pain unrelated to liver dis-
ease [104].

While any cirrhotic patient must be carefully managed to 
assure they do not become addicted to opioids or develop 
complications, patients with prior opioid and other SUDs 
present an especially complicated pain treatment dilemma to 
clinicians. These patients can have legitimate pain but may 
find it difficult to obtain treatment in a pain clinic. Those in 
opioid agonist therapy programs may not be eligible for or 
may find it difficult to obtain additional pain medication. 
Patients with such complex needs may be best managed by 
pain specialists in chronic pain clinics where oversight and 
monitoring for abuse behaviors are provided. Liver disease 
specialists should be involved in collaborative care to pro-
vide advice on the severity of liver disease and potential 
issues with associated liver disease complications. The 
potentially negative effects of opioid use and the high preva-
lence of psychiatric symptoms and possible inflammation in 
cirrhosis suggest other pharmacological treatment targets for 
pain management in these patients. Pain clinics may be able 
to provide a range of therapies in addition to pharmacologi-
cal management.

 Pharmacotherapy in the Context of Liver 
Disease

As the liver plays a critical role in the metabolism and clear-
ance of most medications, liver disease will impact most 
aspects of drug pharmacokinetics. Depending on the severity 
of liver disease and its associated sequela, pharmacokinetic 
processes from absorption to metabolism, protein binding, 
and volume of distribution can be altered. The loss of func-
tional liver tissue with subsequent loss of hepatic enzymes 
(cytochrome P450 and conjugation/glucuronidation 
enzymes) will cause a reduction in intrinsic hepatic clear-
ance and loss of biliary excretion. Loss of functional tissue 
can also reduce the production of binding proteins resulting 
in less drug binding and higher levels of free drug. Portal 
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hypertension with portosystemic shunting of blood flow will 
reduce first pass metabolism, while vascular congestion can 
slow drug absorption. Development of ascites and peripheral 
edema can alter volume of drug distribution and, depending 
on whether a drug is less protein-bound or is water-soluble, 
can lower drug levels by increasing the volume of distribu-
tion. Finally, liver disease can be associated with renal insuf-
ficiency (e.g., hepatorenal syndrome), with associated 
reduced glomerular filtration and alteration in fluid status. 
However, while disease-related changes in metabolism and 
elimination can alter drug pharmacokinetics in complex and 
significant ways, compensatory mechanisms can offset clini-
cally significant effects on free drug levels. For example, 
while the loss of hepatic enzymes reduces metabolism lead-
ing to higher drug levels, a reduction in binding proteins 
results in greater amount of free drug available for metabo-
lism, thus lowering drug levels [105, 106].

Unlike the kidneys where a measure of elimination (cre-
atinine clearance) can guide drug dosing, in liver disease, 
perhaps due to the multiplicity of the liver’s contribution to 
overall pharmacokinetics, there is no precise measure of 
reduced intrinsic liver metabolism. Clinicians should con-
sider the severity of the liver disease, the therapeutic drug 
level range, and potential for toxicity, as well as the pres-
ence of HE. A strategy of beginning with lower initial doses 
and possibly longer dosing intervals and then gradually 
titrating the dose may be the safest. As liver functioning 
deteriorates over time, drug doses and dosing schedules 
should be reevaluated. If HE is present, avoiding drugs that 
can worsen encephalopathy (i.e. sedatives, tranquilizers, 
anticholinergic medications) is recommended. Drugs 
metabolized into active metabolites (e.g., amitriptyline, 
venlafaxine), extended or slow release drug formulations, or 
those with long half- lives (e.g., fluoxetine) may be difficult 
to adjust or predict clinical response/toxicity and should be 
used with caution. Drugs distributed in total body water 
(e.g., lithium) can be difficult to manage with concurrent 
use of diuretics or therapeutic paracentesis that can dramati-
cally alter the volume of distribution, potentially making 
previously therapeutic drug levels toxic. Serotonin reuptake 
inhibitors are the most commonly prescribed class of anti-
depressants for patients with liver disease [63]. However, 
concerns over increased risk for bleeding make them less 
desirable, especially if other antiplatelet medications or 
nonsteroidal anti-inflammatory drugs are concurrently pre-
scribed [63]. Few psychotropic drugs are potentially toxic to 
the liver. While most of these reactions are idiosyncratic, 
there is some evidence that patients with existing liver dis-
ease are at heightened risk of developing toxicity (e.g., 
duloxetine) [107, 108]. Additionally, for patients with exist-
ing loss of hepatic function, additional tissue loss may not 
be well tolerated, and existing alterations in liver enzymes 
may mask a developing drug problem, making monitoring 

for toxicity difficult. Nevertheless, severe drug- induced 
liver injury is usually reversible and rarely results in fatality 
if the drug is discontinued.

 Psychotherapeutic Issues in CLD

Patients with CLD face a slow decline in both physical and 
cognitive function, as their liver function slowly declines and 
ammonia levels rise [52, 109, 110]. For patients awaiting LT, 
this gradual decline is overlaid by the daily uncertainty of 
whether or not a matching organ is going to be found; this 
uncertainty is further compounded by the fear that the patient 
may become ineligible for an organ due to some unforeseen 
future illness or catastrophe [52, 109, 111, 112]. Patients are 
also not guaranteed resolution of symptoms following trans-
plant and face an arduous postoperative course of immuno-
suppressive regimens and surveillance of transplant function 
[111]. These stressors are often magnified by comorbid psy-
chiatric disorders including depression, anxiety, and sub-
stance use [109, 112–115].

Several groups have developed psychotherapeutic 
approaches to help patients with CLD improve their ability to 
effectively manage these challenges [109, 116–120]. As in 
the general population, therapies involving both pharmaco-
logical and psychotherapeutic approaches are likely most 
effective [115, 121]. However, for patients who are medically 
fragile, on an extensive number of medications, and who will 
hopefully be undergoing LT with immunosuppressive regi-
mens, special care must be taken to avoid drug-drug interac-
tions and drug-induced side effects that could further worsen 
the patient’s liver function or symptoms [122]. As a result, 
psychotherapeutic approaches can be acceptable and safer 
alternatives to drug-based therapies [115, 123]. Approaches 
that have been tested specifically in CLD patients include 
CBT [118], bibliotherapy, scheduled telephone- based con-
tacts with patients [109], mindfulness- based stress reduction 
(MBSR) [116], and multidisciplinary team approaches [119].

For example, Sharif et  al. [120] demonstrated improve-
ment in physical and psychological measures in patients with 
CLD after a series of four 90-minute sessions that combined 
education, relaxation training, and coping strategies, relative 
to care as usual. Evon et  al. [117] described an integrated 
care approach for patients with chronic hepatitis C that com-
bined counseling and case management and increased the 
patients’ eligibility for interferon-based treatment relative to 
standard of care. Neri et  al. [119] used multidisciplinary 
teams with psychotherapy to reduce the incidence of depres-
sion and the number of antidepressant and benzodiazepine 
prescriptions required for patients receiving interferon and 
ribavirin therapy, when compared to care as usual.

While many interventions resulted in improved patient 
outcomes over time or relative to care as usual, these gains 
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were at times reduced when compared to an active compara-
tor control group. For example, Bailey et al. [109] compared 
patients with CLD awaiting LT who either received a 
telephone- based psychotherapeutic intervention (CBT-based 
coping skills training and uncertainty in illness theory-based 
symptom management) or participated in an active control 
condition (telephone-based education regarding liver disease 
and symptoms management). Although neither group 
showed appreciable change in depression, anxiety, QOL, or 
illness uncertainty, both groups appeared to improve in per-
ceived self-efficacy for managing liver disease symptoms, 
with no significance difference in degree of improvement.

 Specific Coping Challenges During the 
Pre-transplant Period

 Waiting Period

After acceptance onto the LT wait list, patients typically expe-
rience improved hopefulness and even elation. However, the 
realities of the wait for a scarce organ, the deteriorating health, 
and the need to be at the top of the list based on medical 
urgency in order to get the next available organ mean many 
LT candidates wait for years, and 10–15% each year do not 
survive to transplant. Many patients and families feel that the 
waiting period is the most psychologically stressful period of 
transplantation, and mental health providers should be aware 
of the stresses unique to this phase of the transplant process. 
In addition to the use of traditional psychotherapies to allevi-
ate distress, therapeutic interventions based on transplant spe-
cific themes have been developed to help patients and families 
weather the uncertainty of the waiting period. In one example, 
a study of patients wait-listed for LT and their caregivers 
tested an intervention focused on uncertainty management, 
improvement in QOL, and caregiver support [109]. In this and 
other studies, the use of telephone- delivered therapy sessions 
aided in overcoming logistical issues for chronically ill 
patients and their caregivers (e.g., debility, transportation, 
time off work, traveling regularly to a clinic for therapy).

 Maintaining Hope While Preparing 
for Eventualities

Patients and families often focus on the goal of obtaining a 
liver transplant, yet should consider preparation for the pos-
sibility that a donor organ will not come in time. As the 
patient’s health deteriorates, they will become increasingly 
dependent on caregivers and may experience medical set-
backs or hospitalizations. Patients may also develop compli-
cations making them ineligible for transplantation (e.g., 
stroke or metastasizing hepatocellular carcinoma), and both 

patient and family should be made aware that their eligibility 
might change over time for many reasons. Discussions about 
end-of-life directives or palliative care consultation are not 
commonly undertaken for LT candidates [124, 125], yet the 
overlap in the intensity of the patient’s medical care, the 
nature of the day-to-day clinical problems, and the intensity 
of the commitment to patients and their families makes con-
sideration of engaging palliative care services a natural col-
laboration. Patients, families, and even the transplant team 
may be reluctant to consider such input, believing it is a sign 
of giving up hope or abandoning the goal of transplantation. 
However, palliative care input can assist in providing 
improvement in QOL in parallel with the intent to go for-
ward with transplantation. Early engagement of palliative 
care services allows patients an opportunity to participate in 
treatment planning while they are still able. Two intervention 
studies using palliative care services for LT candidates dem-
onstrated improved continuity of care and treatment plan-
ning, increased goals-of-care discussions, increased 
do-not-resuscitate status, reduced symptom burden, and 
improved depressive symptoms [126, 127]. Neither study 
found an increase in mortality rate compared to patients not 
in the interventions. Please see Chap. 47 for further discus-
sion of palliative care in transplant patients.

 Conclusions
Mental health-care professionals caring for patients with 
liver disease should be aware of the high prevalence of psy-
chiatric disorders in this population, especially SUDs. For 
SUDs in particular, the complete abstinence from alcohol 
or drugs is the definitive strategy for the stabilization and 
ultimate treatment of the underlying liver disease. Mental 
health professionals serve a key role in identifying these 
disorders and arranging adequate addiction treatment.

For some types of liver diseases, the presenting symp-
toms may appear as primary psychiatric disorders, and 
patients may initially seek psychiatric help for their prob-
lems. Careful consideration of the differential diagnosis, 
with possible input from additional medical specialists, 
may be needed to identify the underlying liver disease.

Beyond traditional psychotherapies and addiction 
counseling, the psychiatric treatment of patients with liver 
disease may necessitate attention to disease-specific issues. 
Patients with CLD often need to adjust to being chroni-
cally ill, experiencing decrements in QOL, and enduring 
limitations in their daily functioning. For those facing LT, 
special challenges exist during the pre-transplant wait 
period, as health is typically deteriorating and the wait 
may be long. Strategies to address patients’ and caregiv-
ers’ particular needs during this period are required.

Pharmacotherapy is also complex in patients with liver 
disease. As the liver is responsible for the metabolism of 
most drugs, medication prescription requires careful 
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 consideration as liver disease progresses, with consider-
ation of specific drug metabolism, severity of liver disease 
and potential for drug side effects. Additionally complex 
is the high prevalence of chronic pain disorders in this 
population. For patients with cirrhosis, strategies to mini-
mize opioid analgesics would be best. The combination of 
potential ill effects of opioids coupled with the contribu-
tions to pain of psychiatric symptoms and possible sys-
temic inflammation in cirrhosis suggest alternative 
treatment strategies targeting these issues may be benefi-
cial. HE should also be considered with the use of drug 
therapies. Subclinical HE may not always be identifiable 
on clinical exam, and mental health clinicians may need to 
consider whether formal neurocognitive testing is required.

The traditional sub-specialization model of medicine 
lends to providers focusing on a patient’s specific issues rela-
tive to their clinical expertise. In this model, each clinician 
may fashion a treatment plan in isolation of the patient’s 
other comorbid yet interrelated disorders. However, many of 
these complex and comorbid disorders cannot be fully 
addressed in isolation. An interdisciplinary team approach 
for overall coordination of care would be the best strategy. As 
outlined above, depending on the specific needs of the indi-
vidual patient, coordination of care may require simultane-
ous input from mental health providers, gastroenterologist/
hepatologists, addiction and pain management specialists, 
and palliative care. In other comorbid chronic medical and 
mental health diseases, the use of a collaborative care team 
approach compared to usual care demonstrated overall better 
medical and mental health outcomes as well as greater 
patient satisfaction [128]. Additionally, as comorbid liver and 
psychiatric diseases are often chronic conditions, longitudi-
nal care management will likely be required. By virtue of 
their comprehensive assessment of patient histories, mental 
health providers may be best suited to recognize the totality 
of the CLD patients’ needs and recommend—if not facili-
tate—a more comprehensive approach to care.
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History of Liver Transplantation

Adam X. Sang and Carlos O. Esquivel

Introduction

In the above quote from an interview at the 2014 International 
Small Bowel Transplant Symposium [1], Dr. Thomas Starzl 
compares the pioneering of liver transplantation to the Space 
Race. Starzl performed the first successful human liver trans-
plantation in 1967. Two years later, the United States ended 
the Space Race by landing on the moon in 1969.

Beyond the contemporary nature of these two enor-
mous achievements, however, are many deeper similarities. 
Both endeavors pushed what was once science fiction—the 
Frankenstein of Mary Shelley and From the Earth to the Moon 
of Jules Verne—into the forefront of reality. Both opened up 
entire frontiers of what was possible: replacing failing organs 
and traveling to another celestial body. Both were races 
against time, with human lives and national pride on the line. 
Most importantly, both stories are culminations of decades of 
perseverance through failures, setbacks, and surprises.

If there was ever a story that captured the elaborate dance 
between clinical medicine and scientific research, and how 
each propels the other to new heights, it would be the story 
of organ transplantation. The failure of the liver, an organ 
recognized since prehistoric times to be essential to life, had 
been universally fatal throughout mankind’s history. We now 
have the ability to cure it. As you shall see, the journey was 
long and riddled with one obstacle after another, but they 
were overcome by scientists, physicians, surgeons, policy-
makers, and patients working toward a common goal. 
However, recording history is an imperfect art, and the story 

of liver transplantation continues to be revised and debated 
even today.

A lot has been accomplished in a relatively short 
 timeframe, and today, liver transplantation is an established 
therapy that is safer than ever. In contrast, just 50 years ago, 
we simply could not treat patients with end-stage liver dis-
ease (ESLD). Thus, while caring for patients with ESLD 
today can be challenging and exhausting, we now have more 
surgical and medical options than ever before.

 How Our Ancient Ancestors Viewed the Liver

Surgically replacing the liver is a very modern invention, but 
our ancestors knew a surprising amount about the liver, even 
if they could not manipulate it. Many scholars believe that 
the ancient Greek myth of Prometheus—a Titan who stole 
fire from Zeus and gifted it to man—was evidence that the 
Greeks knew about the incredible regenerative ability of the 
liver. As eternal punishment for his act, Prometheus was 
chained to a mountain in the Caucasus, and an eagle would 
peck out his liver every day, only for the liver to grow back, 
and the punishment repeated the next day.

Several prominent Greek physicians made particular 
observations of the liver. Herophilus and later Galen, for 
example, wrote about the lobar nature of liver anatomy [2], 
an observation that unlocked the secret of safe liver surgery 
two millennia later. Hippocrates and then Celsus also made 
mention of draining liver abscesses in their works [3].

Not surprisingly, liver medicine did not advance much 
during the Middle Ages. In the nineteenth century, there was 
anecdotal evidence depicting salvage liver resections in the 
setting of trauma [2]. These accounts made it very clear that 
the liver bleeds easily and heavily—a feature which would 
mount a formidable obstacle for the pioneers of liver trans-
plantation. And thus the liver continued, until the end of the 
nineteenth century, to be viewed as inoperable.

“It was all nothing but a kind of a wild science fiction at the beginning, but as realistic as the dream of 
putting a man on the surface of the moon was at that time. They both did not sound like anything very 
rational, but they both turned out to work at around the same time.” 
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At the time, patients with ESLD universally had poor 
prognoses. The course of clinical decline—the ascites, 
 peritonitis, variceal bleeding, and encephalopathy—seemed 
irreversible, and physicians were powerless to provide more 
than supportive care.

 Overcoming the Early Surgical 
and Immunological Barriers 
of Transplantation

In the early twentieth century, there was a great interest in the 
scientific and medical communities for organ grafting. 
Isolated reports of attempts at animal solid-organ transplants 
emerged around this time, but they were largely 
unsuccessful.

The first attempt at human solid-organ transplantation 
came in 1906, when French surgeon Dr. Mathieu Jaboulay 
reported two cases of kidney xenotransplantation. The first 
was the left kidney of a pig that was transplanted into the 
antecubital space of a woman with nephrotic syndrome; the 
second was a goat kidney transplanted into a woman who 
had lost a kidney due to infection [4, 5]. Neither graft worked, 
which Jaboulay attributed to vascular thrombosis.

Around the same time, one of Jaboulay’s students, Dr. 
Alexis Carrel, was making important contributions to organ 
transplantation by pioneering end-to-end suture techniques 
that could reconnect vessels. This included anastomosing 
fragile veins—a feat considered impossible at the time. Using 
these techniques, he then experimented on a variety of trans-
plant operations in animals. In a landmark paper published in 
the Journal of the American Medical Association in 1908, 
Carrel described the transplantation of kidneys, spleens, and 
even faces in various animal models [6]. He also reported the 
use of cold fluids to preserve the tissue for transplantation, a 
practice which continues even today. In many cases, the cats 
and dogs who underwent these invasive surgeries had good 
outcomes months after the procedure. But consistent with 
previous findings, Carrel observed that organs transplanted 
between zoologically distant organisms underwent deteriora-
tion, which he termed “cytolysis.” Altogether, Carrel’s vascu-
lar surgery innovations and systematic transplantation 
experiments in animals cleared an important technical hurdle 
to transplantation in humans. Carrel was awarded the Nobel 
Prize in Physiology or Medicine in 1912.

Sophisticated experimental work in animal models con-
tinued for the next three decades. The technical hurdle of 
transplantation (i.e., the vascular anastomosis) appeared to 
have been mastered, but in many cases, the organs were still 
not surviving. No one understood why this was happening, 
short of the “biological incompatibility” described by Carrel 
and his predecessors. Many leaders in the field thus saw 
organ transplantation as ultimately nonviable, and interest 

began to wane. In addition, much of the focus in research and 
clinical care was now being shifted toward the World Wars.

It was Professor Peter Medawar, a British biologist, who 
eventually solved the mystery of biological incompatibility. 
He was recruited by the British Medical Research Council to 
work on skin allotransplantation, as necessitated by the trauma 
and burns from World War II. His work unveiled the immune 
system as the main vehicle of biological incompatibility and 
established many of the tenants of immunological tolerance 
and rejection. He and his student Dr. Frank Burnet even dem-
onstrated that tolerance to foreign tissue could be “acquired” 
early during embryogenesis, which would then prevent the 
recipient from rejecting this foreign tissue in the future. 
Medawar and Burnet published extensively on this subject in 
the 1950s and eventually won a Nobel Prize in Physiology or 
Medicine in 1960. Medawar was knighted by the British gov-
ernment in 1965, and in 1968, he was elected as the first 
President of the Transplantation Society (TTS), which is one 
of the world’s largest transplantation organizations today.

With Medawar’s work showing that the immune system 
was at the core of organ rejection, interest in transplantation 
revived. Thus came a string of successes in the field of kid-
ney transplantation, starting with the first successful kidney 
transplant in 1954.

 The Preclinical Successes with Liver 
Transplantation

The liver was long considered an organ too complex to 
manipulate, with its dual blood supply and its venous drain-
age into the inferior vena cava (IVC), a vein most surgically 
unforgiving. Thus, successful liver transplants in humans 
lagged more than a decade behind kidney transplants.

The 1950s brought several breakthroughs in preclinical 
liver transplantation. Dr. Vittorio Staudacher from the 
University of Milan was (recently) credited with the first 
liver transplant procedure in canines, reported in 1952 [7, 8]. 
Previously, the achievement was credited to Dr. Cristopher 
Welch from Albany Medical College, who in 1955 published 
a one-page manuscript describing his work on transplanting 
auxiliary liver segments into the abdominal cavity of dogs 
[9]. Although using auxiliary segments bypassed the need 
for a hepatectomy, the transplanted segments nonetheless 
deteriorated, which was likely due to a combination of rejec-
tion and ischemia. One year later, Dr. Jack Cannon from the 
University of California, Los Angeles, described orthotopic 
liver transplantation, in which the animal’s own liver (pre-
sumably a canine) was removed and replaced by a full-size 
donor liver into the correct anatomic position [10].

Work in the dog model was further expounded by three 
surgeons who all went on to become the fathers of human 
liver transplantation. In 1958, Dr. Francis Moore, the Chief 
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of Surgery at the Brigham Hospital, was looking to extend 
their success with kidney transplantation into the field of 
liver transplantation. He established a formal canine liver 
transplantation program, which performed over 30 canine 
liver transplants and published extensively on various surgi-
cal aspects of the demanding procedure [11, 12].

Dr. Thomas Starzl, meanwhile, was working out of 
Northwestern University in Chicago. As a surgical resident, 
Starzl had a strong interest in the physiology of portal venous 
circulation and developed several surgical models to remove 
and replace the liver, including abdominal multi-visceral 
organ transplantation [13, 14]. He was then awarded a 
Markle Scholars in Medicine Fellowship, which funded him 
to formally study liver transplantation and engineer it into a 
viable clinical service [15]. Starzl and his team eventually 
performed over 80 liver transplants in dogs [16].

Both groups made progress in tackling what was then a 
substantial surgical roadblock. Clamping the portal vein and 
the IVC in their dog model, an essential step during the 
removal of the native liver, usually resulted in the death of 
the animal [17]. Moore and colleagues developed a veno- 
venous bypass system that shunted the blood from the IVC 
and the portal vein to the superior vena cava (SVC). Starzl’s 
team, on the other hand, pioneered the strategy of using a 
portocaval shunt to first divert blood from the portal vein to 
the IVC and then draining the IVC to the SVC via an iliac 
vein cannula and avoiding the clamped liver [18].

The third individual who helped usher in the era of suc-
cessful liver transplantation was an English surgeon Dr. Roy 
Calne. As a medical student in 1950, Calne was taking care 
of a patient with kidney failure and saddened by the reality 
that their entire team could not provide anything more than 
supportive care [19]. He was interested in unraveling the 
immune system to allow humans to benefit from trans-
plants—something that even Medawar did not believe could 
happen [13]. Calne’s early work as a faculty focused on 
developing strategies to suppress the immune system. The 
only tool available at that time was whole-body irradiation, 
which Calne found ineffective in the setting of solid-organ 
transplantation. He worked on a relatively novel drug—
6-mercaptopurine (6-MP)—and demonstrated that it pro-
longed kidney graft survival in dogs [19].

Encouraged by Medawar, Calne applied for and received 
a Harkness Fellowship in 1960, which allowed him to travel 
to Harvard Medical School. He observed Moore and his 
canine liver transplant experiments, which were dubbed the 
“sputnik” procedures (again drawing a parallel between liver 
transplantation and the Space Race) [18]. He started a series 
of experiments with Murray in dogs to test the efficacy of 
several new immunosuppressive compounds. One of them—
azathioprine—was found to be more effective than 6-MP and 
actually allowed for long-term graft survival [12]. Starzl also 
tested azathioprine in dogs and found the combination of 

azathioprine and steroids to be even more efficacious. 
Calne returned to England in 1961 and subsequently initi-
ated the clinical use of azathioprine and steroids for his kid-
ney transplant program. In 1965, Calne was promoted as the 
Chair of Surgery at the University of Cambridge.

 The First Human Attempt 
and the Moratorium

In 1962, Starzl joined the University of Colorado in Denver 
as an Associate Professor of Surgery. Denver was one of the 
only centers outside of Boston that had a commitment to 
transplantation and also had one of the few dialysis units in 
the country at the time [1]. There, Starzl started a successful 
kidney transplant program [1, 20]. Given the increasingly 
successful worldwide experience with kidney transplanta-
tion, the opportunity was ripe for an attempt at liver trans-
plantation [14].

On March 1, 1963, Starzl attempted a liver transplant for 
a 3-year-old boy with biliary atresia, a congenital defect in 
the bile ducts. To reduce the risk of organ rejection, the 
patient underwent a pre-transplant thymectomy, as well as 
13 days of azathioprine treatment [21]. But as Starzl recalls, 
upon starting the operation: “Nothing we had done in 
advance could have prepared us for the enormity of the task. 
Several hours were required just to make the incision and 
enter the abdomen. Every piece of tissue that was cut con-
tained the small veins under high pressure that had resulted 
from obstruction of the portal vein by the diseased liver. 
Inside the abdomen, Bennie’s liver was encased in scar tissue 
left over from operations performed shortly after his birth. 
His intestine and stomach were stuck to the liver in this mass 
of bloody scar. To make things worse, Bennie’s blood would 
not clot…he bled to death as we worked desperately to stop 
the hemorrhage. The operation could not be completed.” [22]

Despite this adverse outcome, the effort continued, and 
several more liver transplants were attempted thereafter. Two 
were performed by Starzl for primary liver cancer. Both 
adult patients tolerated the initial surgery, but only survived 
for 7 and 22  days, succumbing to pulmonary embolism, 
likely from the veno-venous bypass tubing [23]. Among the 
next four attempts, including two by Starzl, and one by 
Moore, none survived beyond 23 days. In addition, several 
attempts at auxiliary liver transplantation in the United States 
(three by Starzl), Australia, and the United Kingdom were 
also unsuccessful [20]. Thus, liver transplantation continued 
to be viewed as an insurmountable challenge and an imprac-
tical risk, and a voluntary worldwide moratorium was placed 
on this procedure.

While kidney transplant programs continued to thrive, 
liver transplantation ceased. However, Starzl did not give up. 
He and others reexamined the early outcomes, returned to 
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the laboratory, and worked to find solutions during this 
 moratorium. Starzl continued experimentation on various 
aspects of transplantation, including xenotransplantation and 
tissue- type matching [13]. In 1966, a preservation chamber 
was developed in Denver which improved organ survival 
ex vivo [24]. Most importantly, Starzl and his team began 
preparing and testing antihuman antilymphocyte globulin 
(ALG), obtained from inoculated horses. It was the first time 
that antibodies targeted against the cells of the adaptive 
immune system were used as immunosuppression. Trials 
using ALG in combination with azathioprine and steroids, 
first in dogs and then in kidney transplant patients, demon-
strated its clinical efficacy [15, 20].

In addition, several individuals, including Calne, Starzl, 
and, French surgeon, Dr. Henri Garnier, began observing an 
interesting immunological property of the liver. In some spe-
cies, such as pigs, an orthotopic liver transplant could sur-
vive indefinitely without any immunosuppression. 
Furthermore, if another organ was transplanted at the same 
time as the liver, that organ would also have prolonged sur-
vival [18]. Unfortunately, the same observation could not be 
made in humans and dogs, which still rejected their grafts. 
However, a certain subset of the dogs in the transplant cohort 
continued to accept their graft long after immunosuppression 
was stopped. These observations suggested that the liver was 
an immune “privileged” organ and might eventually be 
immune-tolerated by the recipient, a discovery which 
renewed hope in successful liver transplantation.

 The First Human Successes on Both Sides 
of the Atlantic

After 3  years of renewed focus, Starzl reopened the liver 
transplantation program in Denver. On July of 1967, Starzl 
performed what would be the first successful liver transplan-
tation. The patient was a 19-month-old girl with hepatocel-
lular carcinoma and ESLD. She underwent a successful liver 
transplant as well as a splenectomy, with the donor liver 
maintained in a preservation chamber for 3 hours [20]. She 
was treated postoperatively with azathioprine, prednisolone, 
and ALG. She had good liver function for a year but unfortu-
nately succumbed to cancer recurrence [25].

Starzl went on to perform seven more liver transplants, all 
in the pediatric population (ages 13 months to 16 years). The 
most common indication was for biliary atresia. Of these first 
eight patients, four died within the first 6 months due to liver 
infarction and sepsis, two died of liver cancer recurrence 
after 1  year post-transplantation, and one died of chronic 
rejection [25]. The last patient, as of 2002, was still alive and 
off immunosuppression [23].

In Europe, a liver transplant had been attempted in 1964 
by Dr. Jean Demirleau, but the patient only survived for 

3 hours [26]. Calne, who had continued to perform experi-
mental liver transplants in pigs in England, observed Starzl’s 
program gaining momentum in Denver and was ready to 
attempt a liver transplant at his home institution of 
Addenbrooke’s Hospital at the University of Cambridge.

A well-told story of Calne’s first liver transplantation 
unfolded as such. In 1968, a lady with a primary liver malig-
nancy was referred to Calne. She was anxious to proceed 
despite the dangers disclosed to her, because “she said she 
had nothing to lose” [18]. A few weeks later, a young child 
became irreversibly comatose due to a viral infection of the 
brain stem, and the parents gave permission for the child’s 
kidneys and liver to be used to help other patients.

When Calne presented the potential donor and recipient 
to a council of his medical colleagues, they all swiftly 
opposed the operation, citing a spectrum of medical and ethi-
cal risks. But Calne had an ace card: he introduced the world- 
famous Moore, who happened to be in Cambridge visiting 
his son, to the council [17]. Moore affirmed his support by 
simply saying, “Roy, you have to do it.” Suddenly, the tide of 
the room changed [18]. Calne, with Moore as the first assis-
tant, proceeded immediately to the operating room.

Per Calne’s accounts, that first operation went smoothly. 
He utilized a “piggyback” technique, in which the donor 
IVC was anastomosed directly to the side of the recipient’s 
IVC (which is otherwise left intact), instead of the conven-
tional method of replacing the recipient’s retrohepatic IVC 
with the IVC of the graft. This technique was necessary 
because of the size mismatch between the pediatric donor 
and the adult recipient, but as Calne smugly notes, “this 
operation was re-invented years later by other teams, who 
had not read our 1968 report in the British Medical Journal.” 
[18] Unfortunately, Calne’s patient passed away 3 months 
later due to pneumonia, secondary to immunosuppression.

 The First Decade: From Few to Many

In the first few years, the mortality associated with this 
experimental procedure remained dismal. A survey pub-
lished by the American College of Surgeons and the National 
Institutes of Health Organ Transplant Registry in 1972 
showed that, by 1969, 81 orthotopic and 32 heterotopic liver 
transplants had been performed, the majority of which were 
from either Denver (Starzl’s group) or Cambridge (Calne’s 
group) [27]. Only 9% of patients (13 patients, all with ortho-
tropic liver grafts) survived beyond 1  year. For the next 
decade, outcomes had only marginally improved—1-year 
survival was 23.7% for the Cambridge group and 38% for 
the Denver group [28]. There was pressure to arrest liver 
transplantation programs—the procedure was dangerous as 
well as a huge drain of resources (e.g., a single liver trans-
plant could consume the supply of an entire blood bank). 
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Several important evolutions in liver transplantation occurred 
in the next decade as the learning curve continued:

First, the pioneering centers developed pipelines to over-
come the logistical demands of liver transplantation, which 
involved coordinating two operations (a donor operation and 
a recipient operation) that were often separated by time and 
space, and a vast multitude of nonsurgical providers who 
must act in perfect unison to keep patients stable and organs 
viable. In England, Calne partnered with former colleague 
Dr. Roger Williams, a liver failure expert from King’s College 
Hospital in London. Williams was the rare internal medicine 
physician who shared Calne’s enthusiasm for liver transplan-
tation because Williams knew firsthand the poor prognosis of 
these patients without an operation. Whenever a prospective 
donor at any neighboring hospital became available, teams 
from both Addenbrooke and King’s would be mobilized. An 
intensive care team from King’s would bring the liver patient 
to the donor hospital, where a surgical team from Addenbrooke 
would converge at the same time. The surgical team would 
wait in sterile operating room attire, while the ventilator for 
the donor patient was turned off. After the anesthesiologist 
declared cessation of cardiac activity, the donor liver and kid-
neys were perfused surgically with cooling solution, removed, 
and further preserved with sterile ice. At this point, the recipi-
ent would be taken to the operating room. After recovering 
for 2 weeks, the patient would be transferred back to either 
King’s or Addenbrooke [18].

Second, the concept of brain death (“coma depasse”) 
became accepted. Previously, a patient with irreversible 
brain injury had to be disconnected from life support—usu-
ally artificial ventilation—and the heart allowed to fully stop 
on its own, before the patient was considered “deceased” and 
suitable to donate organs. In 1968, for the first time, donation 
after brain death but with a beating heart was allowed in 
France. Brain death was accepted in the United States that 
same year, and later in England in 1976 [29]. This change 
refined the organ donation procedures, allowed grafts to be 
more easily transported, and resulted in better graft and 
patient survival.

Third, the final breakthrough was the discovery of cyclo-
sporine in 1972 by Swiss physician Dr. Jean Borel, which 
Calne called a “watershed moment” in transplantation [19]. 
Calne first used it in liver transplantation in 1978 [28]. 
Cyclosporine could specifically target lymphocytes, the 
main vehicles of immune rejection. The concomitant use of 
cyclosporine with steroids starting in the 1980s dramatically 
improved outcomes, leading to 1-year survival close to 70% 
[28, 30]. Cyclosporine was approved by the Food and Drug 
Administration (FDA) in 1983, and its use has led to lower 
toxicity and overall improved outcomes across both kidney 
and liver transplants.

In 1980, Starzl moved to the University of Pittsburgh. 
Immediately, their liver transplant program blossomed, 

which Starzl attributed to the large supply of cyclosporine 
available [1]. Pittsburgh became the worldwide leader in 
liver transplantation, with many surgeons and physicians 
traveling there in the 1980s to receive training in this newly 
emerging field. Dr. Russell Strong, for example, trained there 
in 1984 and went on to not only start the first transplantation 
unit in Australia but also perform the first living donor liver 
transplant in 1989 [31]. Dr. Carlos Esquivel, one of our 
 co- authors, also trained under Starzl during this period and 
subsequently founded a transplant program at the California 
Pacific Medical Center in San Francisco in 1988. By that 
time, Pittsburgh had already reached 1000 human liver 
 transplants [30].

 From an Experimental Procedure 
to a Mainstream Clinical Service

Despite this progress in the late 1970s, liver transplantation 
was still not widely accepted as a reliable treatment. 
Experience was limited to only a handful of centers in the 
United States and Europe. One particular area of challenge 
was transplanting livers in infants and young patients, for 
whom suitable donors were rare and technical aspects more 
daunting. The rate of mortality from vascular complications 
in these patients was unacceptably high, resulting in another 
self-imposed moratorium for young children. In 1984, after 
working with Starzl for a few years, Esquivel moved to the 
Children’s Hospital of Pittsburgh and began focusing exclu-
sively on young children. His group published the first series 
of liver transplants in patients younger than 1 year of age in 
1987 [32]. While outcomes improved, the scarcity of donors 
remained a problem [33].

For the next few years, the surgical techniques continued 
to be refined, anesthesia support improved, and a second 
generation of surgeons slowly took on the mantle of liver 
transplantation, primarily by joining donor teams. In addi-
tion, newer preservation solutions became available which 
staved off ischemic injury and allowed more control over the 
logistics of transplantation. This culminated in the University 
of Wisconsin solution, developed by James Southard and 
Folkert Belzer in 1987 [34]. The UW solution mimics intra-
cellular osmolarities using inert substances while scavenging 
free radicals and remains the gold standard for cold preserva-
tion solution even today.

On June 20, 1983, the US Surgeon General Everett Koop, 
encouraged by Starzl and President Ronald Reagan, called 
for a National Institutes of Health (NIH) Consensus 
Development Conference on liver transplantation in Bethesda, 
Maryland. Liver transplant teams from four countries—the 
United States, Germany, England, and the Netherlands—
gathered to present their data. After reviewing the outcome of 
531 liver transplant cases, including comparisons to ESLD 
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patients who did not receive a liver transplant, the expert 
panel approved liver transplantation as a valid “clinical ser-
vice” to aid patients with cirrhosis and liver failure [35]. Liver 
transplantation was no longer an experimental procedure 
reserved as a last-ditch effort, but a standard treatment that 
could be utilized electively. This shift was further bolstered 
by a large study in 1989, by Starzl and colleagues, which 
examined 1179 liver transplant patients, whom had 1- and 
5-year survival rates of 73% and 64% on cyclosporine, 
exceeding that of ESLD [36].

Partially because of these findings and the NIH consen-
sus, more and more transplant centers emerged across the 
world in the 1980s. This was followed by a liver transplant 
by Dr. Carl-Gustav Groth, a protégé of Starzl, in Sweden in 
1984 [20]; in Brazil [37] and Australia [31] in 1985; and in 
France, by Dr. Henri Bismuth in 1993 [38].

In Asia, the first described attempt at liver transplantation 
was by Dr. Nakayama in Japan in 1964 [39]. The second case 
(1978) was in China for a patient with advanced hepatocel-
lular carcinoma [40]. While liver transplantation took off 
rather slowly in Asia, several Asian countries were instru-
mental in pushing the frontiers of living donor liver trans-
plantation (LDLT). This was driven by several region-unique 
factors such as cultural and religious views against organ 
harvesting, the late adoption of brain death criteria in 1987 
[39], and the high incidence of hepatitis B and C infections 
and resultant liver cancer.

 Governing Fair Organ Allocation

As the indications for liver transplantation and the centers 
that could safely perform them expanded, the demand 
quickly exceeded the availability of livers. In 1988, there 
were 616 patients on the waiting list in the United States. By 
1998, the number had risen to 12,000. Along with increased 
transplant demands, the average wait times increased and 
mortality while waiting for a liver grew exponentially.

In the first two decades of liver transplantation in the 
United States, allocations were managed by the individual 
transplant centers themselves [35]. In 1984, Congress passed 
the National Organ Transplant Act (NOTA) giving the fed-
eral government broad oversight over organ allocation, 
including prohibiting the sale of organs (see Chap. 2).

Suddenly, the organ allocation policies in the United 
States underwent several major changes in the 1990s. 
Initially, organ allocation was based on the length of time on 
the wait list. However, this prompted clinicians to aggres-
sively enlist their patients earlier and earlier, thus inflating 
the wait list. In 1998, UNOS introduced a system of stratify-
ing patients into four levels of acuity. Status 1 was emergent 
need, status 2 was intensive care unit (ICU), status 3 was 
inpatient, and status 4 was outpatient. Available organs were 

given to status 1 patients first, and so forth. Several problems 
with this allocation strategy emerged, including the fact that 
within a specific UNOS geographic region, there were mul-
tiple patients with the same status. This led to the develop-
ment of the Child–Turcotte–Pugh score, which attempted to 
further stratify patients based on disease severity using sev-
eral metrics, some of which were subjective.

In 1998, the US Department of Health and Human 
Services, under pressure from both the public and Congress, 
issued a regulation known as “the Organ Procurement and 
Transplantation Network (OPTN) Final Rule.” This provi-
sion called for more objective and uniform organ allocation 
policies that would eliminate some of the geographic vari-
ability in terms of wait times. After much work, the Model 
for End-Stage Liver Disease (MELD) and Pediatric End- 
Stage Liver Disease (PELD) systems were implemented in 
2002 as the central component of organ allocation priority. 
The MELD and PELD scores are well-studied metrics which 
can be calculated based on objective laboratory data and 
have been shown to predict mortality while on wait list. 
Therefore, a patient with a higher MELD or PELD score 
would get higher priority than a patient with a lower score.

In Europe, allocation systems vary by country and even 
by institution. In the late 2000s, many European transplant 
centers shifted to incorporating MELD/PELD as part of the 
criteria, based on the experience from the United States [41].

 Organ Shortage Drives Surgical Innovation

Increasing the organ supply is an important ongoing effort in 
the field of liver transplantation. Promoting the use of 
expanded criteria donors (ECD) (e.g., donors who are older, 
have comorbidities, or have blood-borne infection history) is 
one strategy. ECD also includes donation after cardiac death 
(DCD). DCDs grew from 0.5% of liver transplants in 1999 to 
over 4.5% in 2008 [42]. These factors make the graft sub- 
optimal, and when obtaining consent from liver transplant 
recipients today, disclosure about the quality and nature of 
the graft constitutes a key component. By using ECDs, more 
patients are able to come off the wait list and receive a life- 
preserving organ.

In addition, newer surgical techniques have allowed for 
LDLT. Living donation for kidneys has been around since its 
inception, but the liver is a non-paired organ, and surgically 
splitting the liver safely into two functional units (and rely-
ing on the remaining liver to regenerate) is a much newer 
breakthrough. The first required step was to be able to reduce 
a cadaveric donor liver down to appropriate size for the 
recipient. Recently, it was reported that Dr. Henry Gans and 
colleagues from the New  York Hospital-Cornell Medical 
Center performed the first reduced-size liver transplant in 
1969 [43]. Gans had resected the left lobe of the donor liver 
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for a 24-year-old patient with ESLD whose abdomen was 
not large enough to accommodate the entire graft. It was Dr. 
Bismuth who had been classically credited with the first suc-
cessful downsizing of an adult deceased donor liver into just 
the left lobe and successfully transplanting this reduced liver 
into a pediatric recipient in 1984 [44]. These pioneering 
cases, although utilizing cadaveric livers, established the 
tenet that livers can be split along its lobar planes and still 
function well as grafts.

A few years later, the first reported attempt at LDLT was 
performed in 1988 by Dr. Silvana Raia and colleagues in Sao 
Paulo, Brazil [37]. The patient was a young 4-year-old girl 
whose mother donated her left lateral segment; unfortu-
nately, the child died 6 days postoperatively from hemolytic 
anemia, secondary to blood type mismatch. The mother 
recovered well after her donor procedure and eventually 
became pregnant again.

In 1989, Dr. Strong, who had trained with Starzl, reported 
on using the left lateral segment in a LDLT in Brisbane for a 
pediatric recipient [45]. This was considered the first suc-
cessful LDLT in the world. Later that year, Raia performed a 
second LDLT for a 19-month-old girl with Caroli’s disease. 
In this case, a healthy 40-year-old altruistic man volunteered 
for organ donation [37]. Natural expansions of LDLT tech-
niques came shortly thereafter. In 1993, the first successful 
left lobe living donor transplant between adults [46] and the 
first successful right liver graft from adult to child [47] were 
performed. This was followed in 1996 by the first successful 
extended right lobe for adult-to-adult liver transplantation, 
performed in Hong Kong [48].

The first LDLT in the United States was performed by Dr. 
Christoph Broelsch at the University of Chicago in 1989. 
However, the utilization of LDLT in the United States 
appears to have peaked in 2002, when around 10% of liver 
transplantations involved a living donor [49]. One primary 
reason was the medical and ethical concerns of subjecting a 
healthy individual to a surgical procedure and possible liver 
failure, without any direct benefit to that individual. Partial 
hepatectomies for living donors carry a reported mortality of 
0.5–1% and a morbidity of 20%—one living donor even 
required a liver transplant himself [50, 51]!

Split cadaveric livers were another method developed to 
address the organ shortage. An adult-sized graft from a 
deceased donor would be split along anatomic planes—ini-
tially on a back table—and prepared for transplantation into 
two separate recipients, usually one adult (receiving the 
larger right lobe) and one child (left lobe). Dr. Rudolf 
Pichlmayr from Germany first performed and described this 
technique in 1988 [52]. Broelsch and Strong subsequently 
championed this technique at their respective institutions in 
Chicago and Brisbane. Broelsch published a series in 1989, 
detailing 9 whole livers that were split to treat 18 patients 
[53]. Patient and graft survival were similar to whole organ 

transplantation, although biliary complications were higher 
in the split liver group. In 1996, a group from Germany pub-
lished on splitting the liver in situ in a deceased donor [54]. 
This newer technique has the benefit of better hemostasis 
and reduced ischemia times. However, currently, the surgical 
complexity of splitting a liver and the prospect of sacrificing 
one good liver for two riskier grafts have prevented wide-
spread adoption of this technique.

Despite these advanced techniques, however, the organ 
shortage crisis has persisted and appears to be worsening. In 
2010, for example, 11,352 new patients were added to the 
liver wait list, but only 6291 patients underwent liver trans-
plantation [55]. The outcomes of both LDLT and split livers 
will continue to improve until they are equivalent to that of 
cadaveric whole liver transplant, but it remains to be seen 
whether they can be adopted widely enough to put a dent on 
the organ shortage.

 The Next Generation of Strategies  
to Protect the Liver Graft

Several important next-generation immunosuppressants 
have been introduced in the past two decades. In the late 
1980s, many liver grafts continued to show signs of rejection 
even while on cyclosporine. After much preclinical work by 
Starzl and colleagues at Pittsburgh, tacrolimus (FK-506) was 
first used in liver transplantation in 1989 and was then fast- 
tracked by the FDA in 1993 [56]. Similar to cyclosporine, 
tacrolimus suppressed the calcineurin axis and modulated 
the ability of T cells to respond to and attack the allograft. By 
using tacrolimus, almost three quarters of grafts which were 
rejecting while on cyclosporine were rescued [57]. Another 
antimetabolite, mycophenolic acid mofetil, was approved for 
use in 1995 and has replaced azathioprine at many centers. 
Four years later, rapamycin, an mTOR inhibitor studied 
extensively by Calne since 1989, was approved for clinical 
use as an immunosuppressant.

As our understanding of immunology improved, the ther-
apeutic potential of recombinant antibodies became appar-
ent. Starzl’s ALG was the first drug in this category. Since 
then, a multitude of others have appeared. Some of the “bio-
logic” immunosuppressants in this category include basilix-
imab (targets IL-2 receptors on T cells), alemtuzumab 
(targets CD52 on mature lymphocytes), and the fusion pro-
teins abatacept and belatacept (blocks CD80 and CD86, 
which are costimulation signals for T cells). These and other 
newer antibodies increase the arsenal for transplant physi-
cians today in helping patients stave off rejection.

Next, strategies are being developed to help select patients 
taper off immunosuppression completely. This approach is 
based on earlier observations that the liver is more tolero-
genic than other organs. Starzl and the Pittsburgh group 
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showed that with careful selection and monitoring, complete 
withdrawal of immunosuppression appeared safe in some 
liver transplant patients. The same has been observed on 
some kidney cases [58]. Many of these instances of tolerance 
were discovered serendipitously after the patient had stopped 
taking their medications, with no apparent adverse effects.

A recent strategy to induce tolerance in liver recipients is 
also based on early observations by Starzl and Calne, specifi-
cally regarding the natural history of the recipient’s immune 
system post-transplant. They found that some recipients had 
circulating immune cells which originated from the donor 
and termed it “microchimerism.” In addition, these patients’ 
own immune cells seemed less reactive toward the graft. 
Today, many academic centers around the world are piloting 
protocols to introduce donor bone marrow cells to the recipi-
ent prior to receiving the solid-organ transplant, as a means 
to induce chimerism. This strategy is used initially in con-
junction with more traditional immunosuppressants, which 
are then tapered off over time.

 Future

When a life-saving operation, despite an extremely high early 
mortality, is shown to be possible, it eventually becomes estab-
lished, the errors are recognized and eliminated, and a new gen-
eration of surgeons wonders why the pioneers had such a hard 
time. (Sir Roy Calne, MD [18])

As of 2010, there are 142 liver transplant centers in 
Europe, 129 in the United States, and many more in over 80 
countries around the world [35, 59]. Within the United 
States, there are more than 50,000 patients living with trans-
planted livers as of 2009. It is amazing what has been accom-
plished in just five decades since the first successful liver 
transplantation. In 2012, Starzl and Calne won the Lasker- 
DeBakey Clinical Medical Research Award, one of the most 
prestigious awards given in medicine, for their work in pio-
neering liver transplantation.

Organ shortage will continue to be a problem for the fore-
seeable future. Many leaders in the field have advocated for 
more LDLT, especially for the pediatric population [60]. 
Xenotransplantation, engineered tissues suitable for trans-
plant, and liver replacement devices are other avenues which 
are being actively investigated.

As liver transplant outcomes continue to improve, patients 
are living longer, and we are now seeing many of the long- 
term complications associated with immunosuppression. 
This includes the metabolic diseases secondary to the drugs 
themselves, as well as de novo cancers. As a result, the afore-
mentioned strategies to reduce or eliminate immunosuppres-
sion will continue to be studied exhaustively. There will also 
be more tolerance induction programs, utilizing more robust 
induction protocols.

Liver transplantation and transplantation as a whole have 
been one of the most remarkable therapeutic advances in the 
past century. Many giants of the field were acknowledged 
above, but we must also remember the countless patients and 
their families whom we will never be able to name and how 
their willingness to sacrifice at a time of desperation contrib-
uted just as much to the endeavor.
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 Introduction

Liver transplantation outcomes have come a long way since 
the first successful transplant took place in the 1960s when 
1-year survival was under 30% and 5-year survival was nonex-
istent [1]. Due to advancement in development of surgical 
techniques, proper selection of liver donor, availability of bet-
ter preservative solutions, and more effective immunosuppres-
sive agents, modern post-liver 1-year and 5-year transplant 
survival rates are above 90% and 75% (except in those trans-
planted for hepatocellular carcinoma), respectively [2]. 
However, this improvement in post-transplant longevity 
comes at a cost of a myriad of complications owing to early or 
late surgical complications, prolonged use of immunosuppres-
sive agents, and their untoward side effects such as metabolic 
syndrome, opportunistic infections, de novo malignancies, 
and others. In addition, there is an ever- looming risk of 
allograft rejection either due to patient’s nonadherence with 
immunosuppressive treatment or its premature cessation by an 
overzealous physician.

 Medical Course and Recovery from Liver 
Transplantation

Liver transplant (LT) surgery is a major abdominal surgery 
where a complete liver (from deceased donor) or partial liver 
(from living donor) is harvested and transplanted in to a recipi-
ent. Surgery may be performed in two fashions: bicaval or pig-
gyback (where IVC is left intact) technique. In former, 
allograft is anastomosed with recipient’s suprahepatic IVC, 
infrahepatic IVC, portal vein, and hepatic artery and common 
bile duct; whereas latter involves ligating perforating veins 
from donor’s right lobe to recipient’s IVC [3]. LT typically 
requires a patient to have a short ICU stay post-transplantation 
when he/she may be endotracheally intubated, be mechani-
cally ventilated, and require vasopressors for hemodynamic 
support. Theoretically, piggyback technique has lower odds of 
causing hemodynamic instability as blood flow through IVC 
is unperturbed. Average length of ICU stay after LT barring 
any complications is 1–3 days. Immediate signs of a success-
ful liver transplant include correction of acidosis and coagu-
lopathy, and normal bile production by the allograft. These 
signs are usually evident to the surgeon on the operating table 
itself. Like any major abdominal surgery, some of the compli-
cations that may be encountered during LT include bleeding 
and hemorrhage, fluid overload, cardiovascular instability, 
arrhythmias, abdominal compartment syndrome, acute tubular 
necrosis, pulmonary edema, and postoperative pneumonia [4]. 
Patients are started on induction immunosuppression therapy 
during surgery and are monitored for any related complica-
tions during their hospital stay.

The patient is typically transferred from ICU to a mon-
itored medical bed after stabilization where he/she may 
spend another 4–7 days provided no untoward complica-
tions develop during the clinical course. Explanted liver is 
typically examined by a pathologist to provide histologic 
confirmation of patient’s underlying illness and to look 
for incidental foci of hepatocellular carcinoma which may 
change post-LT management. In addition to checking 
basic serum chemistries such as electrolytes, renal func-
tion, liver profile, and coagulation profile, transplanted 
liver is imaged with a Doppler ultrasound to assess its 
echogenicity, portal vein patency, and presence of ascites 
and evaluated for any evidence of hepatic artery 
thrombosis.

Though every transplant center has a different protocol, it 
is quite common for patients to be very closely involved with 
their transplant surgeons and transplant hepatologists for the 
first year, after which primary care physician usually par-
takes in management of chronic metabolic complications 
and scheduling appropriate cancer screenings.

 Immediate Surgical Complications

 Small for Size Syndrome

Small-for-size syndrome (SFSS) is a complication which is 
by and large unique to living donor liver transplant recipi-
ents or where partial or split liver transplantation is per-
formed. In this case, if allograft weighs less than 0.8% of 
recipient’s body weight or is less than 40% the standard 
liver volume, it runs the risk of allograft dysfunction/non-
function within first week of transplant [5]. SFSS is more 
of a diagnosis of exclusion where acute rejection and vas-
cular, biliary, or infectious complications are either absent 
or unable to explain newly transplanted graft’s dysfunction. 
It is hypothesized that hyperperfusion of a small graft from 
pre-existing portal hypertension and splenomegaly in 
recipient causes severe endothelial injury leading to new 
graft’s dysfunction [6]. Clinically, it presents in the form of 
ascites, coagulopathy, hyperbilirubinemia, and encepha-
lopathy. Since portal hyperperfusion is thought to be cen-
tral to the pathogenesis of SFSS, the most popular strategies 
for prevention have focused on modulating inflow to the 
liver via inputs to the portal system. Surgical techniques, 
such as splenic artery ligation, splenectomy, creation of 
portocaval shunts, and preserving pre-existing collateral 
veins, help redirect blood flow coming toward the graft, 
thus helping to minimize the risk of developing SFSS [7–
9]. Terlipressin has also been used in this setting to reduce 
portal venous flow and thus lower portal pressure in these 
patients [10].
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 Primary Graft Nonfunction

Primary allograft nonfunction (PNF) is one of the most seri-
ous, life-threatening complications in the immediate postop-
erative period where transplant surgeon notices lack of bile 
production by the allograft during the surgery. PNF is a true 
surgical emergency and requires immediate re-listing of the 
patient (status 1A) for a second liver transplant while hemody-
namically supporting the patient. It is characterized by eleva-
tion of liver enzymes (AST  >  3000  U/L), hepatic 
encephalopathy, severe acidosis, elevated INR and lactic acid, 
profound hypotension, hypothermia, and multi-organ failure 
requiring intensive care admission and monitoring. Fortunately, 
this complication is rare and occurs in 2–4% of liver trans-
plants [11]. Precise mechanism behind the cause of PNF is not 
fully known; however, advanced donor age, graft from a 
female donor, hypernatremia, prolonged cold ischemia time, 
and higher percentage of hepatic macrovesicular steatosis in 
donor have all been identified as risk factors for PNF [11, 12].

 Hepatic Artery Thrombosis

Hepatic artery thrombosis (HAT) is similar to acute cellular 
rejection in its timing: it can present in the immediate postsur-
gical period or may present several months to years after liver 
transplant. It is one of the dreaded surgical complications 
when it occurs in the immediate post-transplant period 
(<7 days). Akin to PNF, it requires re-listing of the patient for 
re-transplant (status 1A), especially if thrombolysis, stenting 
or repeat surgery, and anastomosis are not an option or have 
failed to salvage the allograft. HAT usually has a propensity 
to occur at the site of anastomosis of donor and recipient 
hepatic artery [13]. The injury gets compounded if there is a 
pre-existing or concurrent portal vein thrombosis. HAT is 
characterized by severe transaminitis occurring from focal 
allograft ischemia and/or infarction. On the other hand, late 
HAT may be quite asymptomatic and might be detected as an 
incidental radiographic finding. Other presentations of HAT 
include delayed bile leak, cholangitis, bacteremia, biloma/
liver abscess formation, and biliary cast syndrome [14, 15]. 
HAT is diagnosed with a liver ultrasound with arterial Doppler 
or MRI, though angiogram may be necessary for confirma-
tion. Late HAT (occurring after 4 weeks) is treated with stent-
ing, focal liver resection, or biliary drainage depending on its 
presentation. HAT is seen in up to 10% of adult recipients and 
is associated with low donor weight in addition to technical 
surgical risk factors, such as higher number of anastomoses, 
anomalous anatomy, and use of bypass grafts [16]. The use of 
aortohepatic conduit may be a novel surgical approach to 
avoid artery-to-artery anastomosis and resulting HAT in 
patients with unsuitable hepatic artery anatomy [17].

 Portal Vein Thrombosis

Earlier, portal vein thrombosis (PVT) used to be considered 
a contraindication for liver transplant. However, with 
advancement in surgical techniques (e.g., venous jump graft, 
using portal vein tributaries, thrombectomy), PVT is no lon-
ger considered an absolute contraindication [18]. PVT may 
either present with transaminitis or signs/symptoms of portal 
hypertension such as ascites, variceal bleeding, or both. 
Liver Doppler, CT abdomen, and MR venogram are modali-
ties of choice for its diagnosis. It is seen in up to 8% of liver 
transplant surgeries and is associated with risk factors such 
as advanced age, underlying malignancy, TIPS, male gender, 
Child-Turcotte-Pugh class C cirrhosis, and alcoholic liver 
disease [18]. PVT may be treated with anticoagulation, 
catheter- directed thrombolysis, or surgical thrombectomy.

 Late Surgical Complications

 Hepatic Vein Stenosis

Hepatic vein stenosis is characterized by a pressure differ-
ence of greater than 10  mm Hg between hepatic vein and 
IVC and is usually seen several months after liver transplan-
tation [19]. It is more common in patients who undergo liv-
ing donor liver transplantation and may present with 
symptoms of portal hypertension in addition to deranged 
liver enzymes and pedal edema. It is a rare condition which 
occurs in less than 5% of post-transplant patients [19]. 
Diagnosis can be made with the help of Doppler ultrasound, 
MRI, CT abdomen, or venography. Treatment involves 
hepatic vein stenting or balloon angioplasty [20].

 Biliary Tract Abnormalities

Biliary tract abnormalities (BTA) are quite common follow-
ing liver transplantation and as many as one-third of the 
patients may develop them. In descending order of their fre-
quency, BTA may include biliary strictures, biliary leaks, 
bile duct stones, biloma/abscess, and biliary cast formation. 
Though BTA (especially biliary leaks) can occur fairly early 
following transplant (<4 weeks), majority of BTA occur after 
the first month, but within 6 months of liver transplantation.

Early biliary strictures are largely due to surgical techni-
cal issues, such as difference in size of donor and recipient 
bile ducts, ABO incompatibility, prolonged cold ischemia 
time, acute HAT, and Roux-en-Y anastomosis, whereas late 
(>4 weeks) biliary strictures are usually the result of isch-
emia, abnormal healing, and fibrosis [21]. Widespread use 
of T-tubes during liver transplantation in earlier decades 
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contributed significantly to development of a multitude of 
biliary complications in the postoperative period [22]. In 
general, biliary complications are somewhat more common 
and harder to manage in patients who undergo Roux-en-Y 
choledochojejunostomy than in patients with choledocho-
choledochostomy due to the ease of access to the biliary 
tree via ERCP in latter. LT recipients with early anasto-
motic biliary strictures have inferior graft survival despite 
better response to endoscopic interventions [23]. The inci-
dence of biliary complications (leaks or strictures) is twice 
in case of LDLT (60%) as compared to DDLT (30%), which 
is due to the fact that in former, leaks can occur from 
exposed hepatic parenchyma in addition to anastomoses 
[24]. Initial diagnostic modality in detecting a biliary stric-
ture is an abdominal Doppler ultrasound; however, MRCP 
is usually the best noninvasive diagnostic test for detecting 
BTA owing to its higher specificity. It is a very reliable tool 
for ruling in or ruling out anastomotic as well as non-anas-
tomotic strictures in post-LT patients [25, 26]. Biliary stric-
tures may present with deranged liver enzymes and right 
upper quadrant abdominal pain. Biliary strictures are 
divided into anastomotic (those occurring at the junction of 
donor and recipient bile duct), non- anastomotic (occurring 
proximal or distal to donor/recipient junction), and diffuse 
biliary strictures.

Treatment of biliary strictures revolves around endo-
scopic retrograde cholangiography (ERC) in patients with 
choledochocholedostomy and double balloon endoscopy 
or PTC-based interventions in patients with choledocho-
jejunostomy. Dilation, stenting, biliary sphincterotomy, 
conversion from choledochocholedochostomy to choledo-
chojejunostomy or revision of the latter, or a combination 
of all of above may be required to treat a non- responding 
lesion depending on the clinical scenario [27, 28]. A com-
bination algorithm comprising of hepatobiliary scan, peak 
aspartate transaminase, and peak total bilirubin values in 
immediate post-transplant patients with hepatocellular/
cholestatic dysfunction has been shown to help identify 
patients in whom ERC may not be necessary [29]. 
Strictures have a tendency to recur, and so long-term mon-
itoring is required in patients who have previously been 
treated for biliary strictures. Most patients require multi-
ple ERC-guided (dilation/stenting) procedures over a 
course of year or two to guarantee a high rate of stricture 
resolution [28, 30]. A recent study showed that implanta-
tion of fully covered self- expanding metallic stents was 
more effective than repeated balloon dilatation of anasto-
motic strictures with subsequent plastic biliary stent 
placement, while both approaches had similar complica-
tion rates [31]. However, even though shorter treatment 
times and fewer ERCP procedures support the use of self-
expanding metal stents, whether one technique has well-
defined advantages over the other remains to be seen [32].

Non-anastomotic strictures tend to occur earlier than anas-
tomotic strictures and are harder to treat [33]. They may not 
be amenable to ERC intervention alone and may progress to 
cause bacterial cholangitis and unremitting fibrosis requiring 
surgical intervention or re-transplantation. Non- anastomotic 
strictures may be seen in up to 10% of post-LT patients [33]. 
Diffuse biliary strictures are a result of ischemia and are seen 
in the setting of hepatic artery thrombosis, prolonged cold 
ischemia time, and DCD allograft donation. Given the long 
extent and diffuse nature of these strictures, endoscopic inter-
vention is usually ineffective, and they require hepatic resec-
tion or re-transplantation to address the issue [34].

Biliary leaks are known risk factors for early as well as 
late strictures [28, 35]. Similar to bile duct strictures, biliary 
leaks also are divided into early and late subtypes. Early bile 
leak (after transplant) is usually due to technical surgical rea-
sons. As bile is a peritoneal irritant, patients may present 
with symptoms of peritonitis, abdominal pain, or biliary 
ascites. Best diagnostic modality for detection of a bile leak 
is an ERC. Incidence of anastomotic bile leaks is estimated 
to be <10% [36]. Treatment involves endoscopic placement 
of a biliary stent with optional biliary sphincterotomy. Late 
bile leaks are associated with the use of T-tubes and are 
treated with papillary stenting via ERC [37]. Surgical explo-
ration is necessary when endoscopic intervention fails.

Biloma or sterile collection of bile and hepatic abscesses 
in post-transplant state occur in the setting of ischemia (e.g., 
HAT) and require percutaneous drainage and treatment with 
antibiotics. Surgery may be required if nonsurgical approach 
fails to address the issue.

Biliary cast formation is an aftermath of allograft ischemia 
as well and may be precipitated by HAT or hepatic artery 
stenosis. Biliary casts may mimic symptoms of ascending 
cholangitis and can be challenging to treat. Joint collabora-
tion of endoscopy, intervention radiology, and surgical teams 
may be required to manage biliary cast syndrome.

Bile stones and sludge are late complications of liver trans-
plant and can be seen in up to 10% of patients [28]. Usually 
ERCP with biliary sphincterotomy is curative.

 Immediate Medical Complications

 Acute Immunosuppressive Induction Issues

Induction therapy with high-dose immunosuppressive agents 
begins right at the time of liver transplant surgery. High-dose 
corticosteroids, tacrolimus, antithymocyte globulin, and basi-
liximab are most commonly used induction agents [38, 39]. 
Steroids inhibit inflammation by multiple mechanisms, 
including decreased migration of neutrophils, decreased tis-
sue accumulation and activation of macrophages, decreased 
production of interleukins (IL-1, IL-2, IL-6), and decreased 
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transcription of proinflammatory genes [40, 41]. High-dose 
corticosteroids cause profound hyperglycemia which requires 
the use of intravenous insulin infusion for blood sugar con-
trol. High-dose steroids may also result in insomnia, delirium, 
psychosis, azotemia, and infections in the immediate post-
transplant period. Tacrolimus is used with or without azathio-
prine for induction to minimize adverse effects associated 
with steroids. High-dose CNI is responsible for development 
of AKI in these patients [42]. Selective or nonselective T-cell-
depleting agents (ATG or basiliximab) may be used to avoid 
side effects associated with high-dose steroids and CNIs. 
Some centers have adopted a steroid-free protocol with rabbit 
antithymocyte globulin induction demonstrating excellent 
outcomes, low complication rates, and preservation of renal 
function [43]. The use of these agents also lowers risk of 
development of CMV infection; however, infusion reactions 
have been reported with intravenous administration of ATG 
[44]. There is recent evidence to suggest that induction immu-
nosuppression regimen may be customized to include mTOR 
inhibitors along with very low-dose CNI in patients who are 
at high risk of developing renal failure post-LT [45].

 Acute Cellular Rejection

Acute cellular rejection (ACR) is a histologic diagnosis and is 
graded mild [4, 5], moderate [6, 7], or severe [8, 9] rejection 
based on Banff scoring system (maximum score 9) which is 
based on portal inflammation involving small lymphocytes/
eosinophils, biliary ductulitis, and hepatic/portal venule endo-
theliitis [46, 47]. ACR can occur as early as <4 weeks (early 
ACR) after transplantation or as late as years after LT (late 
ACR). ACR occurs in 16.5–26.9% of liver transplant recipi-
ents [48]. Treatment of ACR usually involves giving high dose 
of pulsed steroids, if rejection is severe, or increasing existing 
immunosuppression for mild to moderate rejection. Patients 
who do not respond to corticosteroids may need to be treated 
with T-cell depleting agents (e.g., anti-T- cell antibodies) to 
salvage the allograft [49]. Risk factors for ACR include 
unmonitored interaction of or inadvertent intake of P-450 
enzyme inducer (e.g., antiepileptic drugs, rifampin/rifabutin, 
NNRTI) which can lower efficacy of immunosuppressive 
agents, patient’s nonadherence with immunosuppressive treat-
ment, or its premature cessation by a physician.

 Late Medical Complications

 Chronic Allograft Rejection

The word “chronic” in chronic allograft rejection or chronic 
ductopenic rejection (also known as arteriopathic rejection 
based on pathognomonic foam cell obliterative arteriopathy 

seen in biopsy specimens) is a misnomer as “chronic rejec-
tion” may be seen <4 weeks of LT, though typically it pres-
ents >4 weeks after LT [50]. Chronic rejection is characterized 
by atrophy and loss of bile ducts along with obliterative arte-
riopathy and fibrosis in portal tracts [50]. Risk factors associ-
ated with chronic rejection include non-Caucasian race, 
recurrent ACR, CMV, HCV infection, and HLA/MHC donor/
recipient mismatch. Treatment of this condition is challeng-
ing and may not respond to mere increase in dose of immu-
nosuppressants [49]. Re-transplantation may be required in 
recalcitrant cases.

 Late Complications from Use 
of Immunosuppressive Agents

Even though a liver allograft, unlike other solid-organ trans-
plants, is less immunogenic, it still requires high-dose immu-
nosuppression for at least first 6 months, after which intensity 
of immunosuppression may be lightened. Although theoreti-
cally it is possible for LT patients to completely come off of 
immunosuppression, a large majority of patients continue to 
require long-term immunosuppression to keep rejection at 
bay [51, 52]. As a result, patients tend to develop late com-
plications (e.g., metabolic syndrome, bone density loss, de 
novo cancers, opportunistic infections, and others) from 
accruing adverse effects of chronic exposure to immunosup-
pressive drugs [51]. The goal of immunosuppression in post-
 LT care is to strike a fine balance between maintaining 
adequate allograft function while minimizing long-term tox-
icities of antirejection medications.

Immunosuppressive agents are used in LT during induc-
tion and maintenance and for treatment of rejection. Some of 
the commonly used classes of drugs include corticosteroids, 
CNIs (tacrolimus and cyclosporine), nucleotide synthesis 
inhibitors (azathioprine, mycophenolate mofetil, mycophe-
nolic acid), mTOR inhibitors (sirolimus, everolimus), mono-
clonal antibody against IL-2 receptor (basiliximab), 
antithymocyte globulin, and costimulation blockers (belata-
cept) [38].

 Diabetes Mellitus

Both corticosteroids and CNIs (especially tacrolimus) are 
diabetogenic and cause hyperglycemia and insulin resistance 
[53]. More and more centers are now using protocols which 
involve rapid tapering of corticosteroids which minimizes 
the risk of hyperglycemia and development of de novo diabe-
tes in allograft recipients [43, 54]. Patients should be rou-
tinely monitored with fasting blood glucose and Hba1c 
monitoring, while they are on these immunosuppressive 
agents. Target goal for Hba1c in post-LT patients is ≤7% 
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[46]. Switching patients from tacrolimus to cyclosporine for 
better glycemic control is an acceptable practice [46]. The 
use of insulin to control hyperglycemia is the best approach 
during induction phase and when they are undergoing treat-
ment for rejection [46, 55]. Diabetes has independently been 
shown to reduce survival in post-LT recipients [56].

 Hypertension

Up to two-thirds of the patients develop hypertension after 
liver transplantation [57]. Corticosteroids as well as CNIs, 
especially cyclosporine, have been implicated in raising 
blood pressure. Patient should be advised to do self- 
monitoring of blood pressure at home every week and get 
blood pressure checked every month at a provider’s office. 
Target goal for blood pressure in post-LT patients is 
130/80  mmHg [46, 57]. Choice of antihypertensive agent 
should be based on drug’s adverse effect profile, patient’s 
pre-existing comorbidities, and interactions with other medi-
cations. However, dihydropyridine calcium channel blockers 
(i.e., felodipine, nicardipine, amlodipine) and cardioselective 
beta-blockers (e.g., metoprolol) are the recommended agents 
to counter CNI-associated vasoconstriction of afferent renal 
arteriole. ACEI/ARB are drugs of choice in patients with 
concurrent diabetes, proteinuria, or CKD stage 3 [46].

 Dyslipidemia

Corticosteroids, CNIs, and mTOR inhibitors all have been 
associated with development of dyslipidemia in post-transplant 
patients. There is some emerging evidence that use of myco-
phenolate mofetil might help lower the risk of late cardiovascu-
lar morbidities and mortality in post-LT patients [58]. Patients 
with isolated hypertriglyceridemia may be given a trial of 
omega-3 fatty acids. Patients with an elevated LDL (>100 mg/
dl) with or without hypertriglyceridemia should be treated with 
statins along with lifestyle modifications [46, 57]. Statin-
intolerant patients may be treated with ezetimibe [46]. A strat-
egy to follow up on lipid profile every 3–6 months should be 
adopted while emphasizing the importance of healthy eating 
and exercise.

 Obesity

Though majority of patients with liver disease are malnour-
ished due to impaired hepatic function, interestingly, obesity 
is not uncommon in post-LT patients [57]. This can be attrib-
uted to adverse effects of immunosuppressive agents (ste-
roids, CNIs), return of appetite due to improvement in the 
sense of general well-being, and nonadherence to lifestyle 

modification practices. Morbid obesity is associated with a 
lower rate of survival in post-LT patients [59]. Much akin to 
the general population, it is imperative to emphasize the 
importance of healthy eating and regular exercise in post-LT 
patients. In patients who are obese to begin with, use of 
weight loss surgeries such as sleeve gastrectomy or adjust-
able gastric lap band at the time of transplantation is a rea-
sonable option to avoid compounding the problem with 
adverse effects of immunosuppressants in the post-transplant 
period [60]. Bariatric surgery after LT remains a technically 
challenging procedure and has been often performed directly 
using an open approach [60]. The place of laparoscopy for 
these patients remains debatable, with few studies reporting 
its use in selected patients [60], although a recent study has 
shown potential feasibility with single-port sleeve gastrec-
tomy [60].

 Osteopenia and Osteoporosis

Bone density loss is a known side effect of long-term corti-
costeroid use. CNIs add to this problem as well. As per 
AASLD guidelines, starting 5 years after transplant, DEXA 
screening for osteoporosis should be done on an annual basis 
in osteopenic patients and every 2–3 years in patients with 
normal bone density [46]. Patients who undergo liver trans-
plant for chronic cholestatic reasons (e.g., primary biliary 
cholangitis) are at even higher risk of bone loss given their 
pre-existing osteopenic state [61]. As about 25% of patients 
undergoing LT for chronic cholestatic liver disease develop 
de novo fractures post-LT, this situation warrants an ongoing 
search for more effective therapeutic agents for these patients 
[62]. Treatment of metabolic bone disease includes regular 
intake of calcium and vitamin D and participation in weight- 
bearing exercises [46]. Bisphosphonates are used to treat 
osteoporosis like in general population [46].

 Worsening of Pre-existing CKD or 
Development of De Novo CKD

CKD has become one of the leading causes of morbidity and 
mortality after liver transplantation [63, 64]. Although CNI 
toxicity is typically considered a major contributor, other 
risk factors for CKD include perioperative acute kidney 
injury, diabetes mellitus, hypertension, and chronic hepatitis 
C infection [65–67]. Additionally, there is increasing knowl-
edge of the association between HCV infection and glomer-
ular disease in both native kidneys and after kidney or liver 
transplantation [68]. There is 8% incidence of CKD 1-year 
post-LT and incidence goes up to 18% at 5 years after LT 
[69]. Patients who are at highest risk of development of CKD 
should be treated with non-CNI-based immunosuppression 
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[69, 70]. Discontinuation of CNI and its replacement with 
either mycophenolate mofetil or sirolimus have shown to 
result in significant improvement in renal function even in 
patients with severe CKD [71]. Development of ESRD in 
post-LT patients decreases their survival, and renal trans-
plant should be considered in these patients to improve sur-
vival [46].

 Fertility, Sexuality, and Pregnancy

Fortunately, many women of reproductive age group regain 
their ovulation and menstruation as early as 4–6 weeks after 
LT [46]. On the other hand, however, men who had impo-
tence prior to LT usually do not notice any improvement 
despite a “new” liver [72]. Mycophenolate mofetil, myco-
phenolic acid, and mTOR inhibitors due to their teratogenic 
potential are contraindicated in pregnant women and nurs-
ing mothers. Steroids, CNIs, and azathioprine are safer 
alternatives in post-LT women contemplating pregnancy 
[73]. In general, it is advisable to avoid pregnancy until 
allograft function and immunosuppression regimes are sta-
ble and it has been 1  year since LT [46]. These women 
should coordinate their prenatal and pregnancy care in con-
junction with a high-risk obstetrician who is an expert in 
maternal-fetal medicine and their transplant hepatologist 
[46]. Sildenafil and other phosphodiesterase inhibitors are 
acceptable treatment options for erectile dysfunction in 
post-LT men.

 Fatigue and Quality of Life of a Transplant 
Recipient

Though LT significantly improves quality of life of patients 
afflicted with chronic liver disease [74, 75], fatigue, unfortu-
nately, is a significant yet unremitting symptom which 
impairs health-related quality of life (HRQoL) of post-LT 
patients [76]. Most LT recipients have other chronic comor-
bidities which contribute to persistence of fatigue despite 
LT. Use of modafinil, structured exercise program, improved 
nutrition, and sleep hygiene help mitigate the disabling 
effects of fatigue on the lifestyle of transplant recipients [77].

 Development of De Novo Malignancies

Immunosuppressive agents increase the risk of development 
of new malignancies in post-LT patients. Thus, it is impor-
tant for these patients to be up to date with their cancer 
screenings. Of all malignancies, development of non- 
melanoma skin cancer is the highest, and so patients should 
be advised to avoid prolonged sun exposure and use at least 

SPF 15 sunscreen when outdoors [46]. Use of wide-brim 
hats, long sleeve shirts, and pants reduces the incidence of 
development of skin cancers. Risk of melanoma is increased 
in this cohort as well [78]. A comprehensive annual skin 
exam by a dermatologist is in order for post-LT patients 
(who had LT > 5 yrs ago) for early detection and treatment of 
skin cancers [46].

Post-transplant lymphoproliferative disorder (PTLD) is a 
B-cell lymphoma seen in post-LT patients on immunosup-
pressants. It has been associated with use of muromonab for 
immunosuppression [79]. Symptoms of presentation might 
include fever, lymphadenopathy, weight loss, and pancyto-
penia. It is associated with EBV and requires treatment of 
EBV along with lightening the intensity of immunosuppres-
sion. Majority of PTLD develop within 1 year after trans-
plant [79].

A fair share of post-LT patients has had tobacco and alco-
hol use disorders. This cohort of patients is at a very high risk 
of development of de novo head and neck cancers. Some 
centers recommend regular evaluation with an ENT physi-
cian in addition to low-dose annual chest CT for lung cancer 
screening.

Patients with primary sclerosing cholangitis and chronic 
ulcerative colitis are at heightened risk of development of 
colorectal carcinoma and so should undergo annual screen-
ing colonoscopy [46]. Rigorous cancer screening is of para-
mount importance in post-LT patients because due to their 
suppressed immune system, these patients tend to get 
advanced stage cancers that present at a younger age com-
pared to general population.

 Opportunistic Infections

Opportunistic infections are a major cause of morbidity and 
mortality in post-LT patients. In the immediate post-LT 
period, patients are at equal risk of contracting nosocomial 
infections (e.g., CAUTIs, CLABSIs, VAP, surgical site infec-
tions, clostridium difficile infection, infection with 
Acinetobacter, or pseudomonas in ICU) as the general popu-
lation [4]. Standard precautions and infection prevention 
practices should be instituted to avoid these nosocomial 
infections. Any fever or symptoms of a simple urinary tract 
infection, sore throat, or cellulitis should be taken seriously 
and promptly evaluated in post-LT recipients as these patients 
have a tendency to quickly deteriorate and go in to septic 
shock with multi-organ failure.

First 6 months when the level of immunosuppression is 
highest is the most perilous times in terms of contracting 
opportunistic infections. Patients should avoid high-risk 
exposures (e.g., avoiding crowded places, exposure to soil, 
unpasteurized milk, travel to endemic countries) during this 
time [46].
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Post-LT patients are started on trimethoprim- 
sulfamethoxazole for 6  months for prophylaxis against 
Pneumocystis jirovecii pneumonia (PJP). Those patients with 
concurrent HIV are placed on long-term PJP prophylaxis [46].

Invasive aspergillosis is frequently seen in immunosup-
pressed solid-organ transplant recipients. Treatment involves 
administration of a combination of voriconazole (azole) and 
caspofungin (echinocandin) for a minimum of 12  weeks. 
Other opportunistic fungal infections include Candida (albi-
cans, glabrata, krusei), cryptococcosis, coccidioidomycosis, 
histoplasmosis, and blastomycosis. Candida albicans, cryp-
tococcosis, and coccidioidomycosis are treated with flucon-
azole, whereas resistant Candida spp., histoplasmosis, and 
blastomycosis are treated with itraconazole for 4–6  weeks 
[46].

There is high incidence of CMV infection in post-transplant 
period. CMV has the potential to involve almost any organ and 
present with organ-specific symptoms; it commonly presents 
with fever and leukopenia. Risk is highest when CMV- recipi-
ent receives a CMV+ allograft. Valganciclovir (900 mg/day) is 
used for 6  months to treat CMV [46]. For recipients who 
already are CMV+, valganciclovir is used to treat resurgence of 
CMV for 3 months or till viremia subsides [46]. Successful 
treatment of CMV might require reducing the level of immu-
nosuppression. Foscarnet is used in the event of ganciclovir/
valganciclovir resistance.

It is prudent to identify patients with latent TB prior to LT 
and treat them with isoniazid for 9  months to minimize 
chances of development of active TB in post-transplant 
period.

 Recurrence of Primary Disease

Metabolic diseases (e.g., alpha-1 antitrypsin deficiency, cys-
tic fibrosis, hemochromatosis, tyrosinemia, Wilson’s dis-
ease) and polycystic liver disease do not recur in the allograft. 
On the other hand, hepatitis (viral, autoimmune), cholestatic 
diseases, and NASH may recur in allograft posing manage-
ment challenges and requiring a second transplant [80–82]. 
HCV recurrence occurs in almost all post-LT patients [49]. 
Management strategies to prevent or ameliorate the risk of 
development of recurrent autoimmune disease have recently 
been reviewed [83]. Some centers have adopted a dual 
immunosuppression protocol in LT recipients with autoim-
mune liver disease without corticosteroid maintenance and 
reported acceptable rates of survival and ACR without pre-
disposing patients to the adverse effects of long-term steroid 
therapy [54]. For patients who undergo LT for HCC, mTOR 
inhibitors may be the immunosuppressants of choice as they 
are purported to have anti-oncogenic properties which might 
help to minimize the risk of HCC recurrence in these recipi-
ents. For first 5  years after transplant, patients should be 

screened with biannual AFP and liver ultrasound performed 
in tandem to detect HCC recurrence [46].

 Immunization of LT Recipients

Live vaccines must be avoided in LT recipients [46]. It is rec-
ommended that all patients with LT should undergo vaccina-
tion against hepatitis B, hepatitis A, influenza, dTaP, HPV, 
varicella, and zoster prior to LT.  Regarding pneumococcal 
vaccine, all adults who have previously received PCV13 vac-
cine should get PPSV23 vaccine 8 weeks later. On the other 
hand, adults who have received PPSV23 vaccination before 
should wait a year before receiving PCV13 vaccine [84]. 
Annual influenza vaccine and PPSV23 vaccine every 
3–5 years are recommended in all post-LT patients [46].

 Prognosis

Liver transplantation and its outcomes have seen some tre-
mendous improvements in the last half century. It is the 
only definitive treatment for several hepatic diatheses. LT is 
curative in metabolic disorders affecting the liver. It adds 
several years to lives of patients with hepatocellular carci-
noma who otherwise have a dismal prognosis. For patients 
with other chronic liver diseases, LT improves their quality 
of life [74]. Due to remarkable improvement in surgical 
techniques, improved immunosuppression, infection con-
trol, and donor/recipient selection, 1-year and 10-year post-
transplant rates are above 90% and above 50%, respectively. 
As there remains a dearth of donors for LT as demand out-
strips supply by manifold, all efforts should be made to 
increase public awareness on organ donation by working in 
collaboration with government and non-government 
organizations.
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 Introduction

While the intent of liver transplantation (LT) is to restore 
health, vitality, and well-being in the recipient, the surgi-
cal process and subsequent recovery can be very stressful. 
Awareness of mental health issues is key to post-LT care as 
liver transplant patients have some of the highest rates of psy-
chiatric disorders among all solid organ transplant patients. 
Additionally, evidence shows that untreated psychiatric 
disorders can impact post-transplant medical outcomes. As 
psychiatric and psychological disorders typically cross the 
pre- to post-transplant periods, early post-transplant iden-
tification and treatment will aid in the restoration of stable 
mental health and ultimately facilitate optimal recovery. 
Substance use issues, which are common in LT recipients, 

are most often considered in post-LT studies. These studies 
provide ample evidence of post-transplant substance use out-
comes. Beyond psychiatric disorders, awareness of psycho-
social outcomes is critical to understanding overall outcomes 
for LT recipients. It is essential to consider whether LT recip-
ients recover adequate physical and cognitive functioning, 
have good quality of life (QOL), and are able to resume nor-
mal pre-LT activities and employment. Data on these types 
of outcomes are limited, and many studies of mental health 
and psychosocial outcomes include recipient cohorts of a 
variety of organ types. In this chapter, we will review pro-
spective findings to the extent they are available, although 
the bulk of the studies are either cross-sectional or retrospec-
tive. While we will focus on the post-transplant period, some 
studies considering pre- to post-transplant comparisons will 
be used to illustrate changes over time. We will also report 
on meta-analytic reviews relevant to LT recipient outcomes. 
Although this chapter covers return to substance use and 
briefly reviews pharmacotherapy, additional chapters in 
this book (Chap. 45 Substance Use Disorders and Chap. 42 
Psychopharmacology) provide further information on these 
issues in liver transplant recipients.

 Mental Health and Behavioral Issues

 Depression and Anxiety

Mood and anxiety disorders, both new onset and recurrence 
of preexisting disorders, are common post-LT.  Beyond the 
psychological stressors of the transplant experience, physi-
ological changes and immunosuppression medications can 
contribute to mood and anxiety symptoms. Depression and 
anxiety pose significant clinical concern, as up to 30% of LT 
recipients experience depressive and/or anxious symptoms 
[1–4]. Post-traumatic stress disorder (PTSD) can occur specif-
ically due to the life-threatening nature of the transplant pro-
cess and has been identified in greater than 10% of LT patients 
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[5]. The development of PTSD in LT recipients is associated 
with a greater severity of liver disease prior to LT, longer stay 
in intensive care post-transplant, acute rejection, and post-LT 
complications [6, 7]. PTSD symptoms are associated with 
poorer QOL across multiple domains [6, 7]. A history of 
major depressive episodes, as well as decreased availability of 
psychosocial support during the transplantation process, can 
increase risk for developing depressive and anxious symptoms 
following liver transplant [1, 6]. Screening for mood and anxi-
ety symptoms and specifically PTSD is an essential part of the 
post-transplant follow-up for early identification and appropri-
ate management. In the special case of patients transplanted 
for acetaminophen overdose, early involvement of the mental 
health team during the transplant hospitalization is critical to 
determining psychiatric care needs and whether inpatient psy-
chiatric hospitalization is indicated (see [8] Crone 2014 for 
review and treatment recommendations).

Of particular importance, depression is associated with a 
number of adverse transplant-related outcomes. A meta- 
analysis of 27 transplant studies including 6 studies of liver 
transplant patients contributing over 1000 liver transplant 
subjects found that, regardless of transplant type, depression 
increased the relative risk of both post-transplant mortality 
and death-censored graft loss by 65% [9]. Although studies 
of liver transplant patients appeared to show a lesser relative 
risk compared to other organ types, this was not significant. 
The smaller number of studies on anxiety and transplant out-
comes showed no effect between anxiety and mortality or 
morbidities [9].

Individual studies of LT recipients show that the presence 
of depression after a liver transplant predicts poorer survival 
in the post-transplant phase. Compared to post-LT patients 
without depression as measured by the Beck Depression 
Inventory, patients with high depression scores had a poorer 
survival rate after the first post-transplant year [1]. Further, 
depression at 3  months post-liver transplant predicts 
increased mortality in the long term, even after accounting 
for other variables which influence transplant survivability 
including age and recurrence of hepatitis C [2].

In a study of alcoholic liver disease (ALD) LT recipients, 
those with untreated or undertreated depression had a signifi-
cantly higher number of encounters with healthcare provid-
ers, including hospital readmissions, and thus a higher 
utilization of healthcare resources, even after adjusting for 
variables such as MELD score and other donor/recipient 
characteristics known to influence post-transplant outcomes 
[10]. At the same time, adequate treatment of depression 
post-transplant normalizes use of healthcare resources to lev-
els seen in transplant patients without a history of depression 
either pre- or post-transplant [10]. Thus, depression may be a 
modifiable risk factor and, not only may adequate treatment 
improve the patient’s mental health outcome, some studies 
suggest it may reduce the risk of poorer medical outcomes.

 Psychotic Disorders

Transplant teams can demonstrate significant reservations 
about considering patients with schizophrenia as candidates 
for organ transplantation. Much of this is related to concerns 
about these patients’ ability to adhere to post-transplant 
immunosuppressive regimens and fears about their suscepti-
bility to steroid-induced neuropsychiatric side effects. 
Nevertheless, individual case reports and small case series 
suggest that with good management, patients with serious 
mental health conditions can have successful outcomes [11]. 
Because of the rarity of psychotic disorders in the general 
population and the likely underrepresentation of persons 
with psychotic disorders referred for liver transplantation, it 
is difficult to study post-transplant outcomes. Much of avail-
able literature relies on mixed organ transplant samples. 
Despite this limitation, a case series of ten patients with pre-
existing psychotic disorders who underwent transplantation, 
with four receiving livers and one combined kidney-liver, 
demonstrated that none had episodes of nonadherence to 
medical or psychiatric treatment after transplant and none 
suffered graft loss [12]. In another mixed organ transplant 
series from the Veterans Health Administration, 20 patients 
with psychotic disorders (schizophrenia or bipolar disorder) 
who received a transplant had no difference in survival rates 
over the first 3  years post-transplant compared to patients 
with no history of mental illness or other nonpsychotic men-
tal illnesses [13].

Although post-transplant liver data are limited, it appears 
to indicate that persons with psychotic disorders can have 
comparable medical outcomes to those without psychosis. 
However, there may be a need to carefully consider potential 
risk factors pre-transplant and determine whether they can be 
addressed prior to transplant or managed following trans-
plant. A survey of transplant programs identified 35 cases of 
patients with psychotic disorders, many of whom were liver 
transplant patients, and identified potential risk factors 
affecting post-transplant outcomes. Living alone or being 
homeless, positive psychotic symptoms 1 year prior to trans-
plant, history of assault, family history of schizophrenia, and 
borderline or antisocial features appeared to be linked to 
post-transplant psychiatric complications and nonadherence 
[14]. In some cases, helping pre-transplant patients to estab-
lish stable housing, ongoing mental healthcare, and identify-
ing an available support system may increase chances of 
successful post-transplant outcome. After transplant, teams 
should plan on closer follow-up for patients with psychotic 
disorders and make efforts to collaborate with patients’ men-
tal health providers and supports.

Despite concerns about the risk of administering steroids 
to patients with psychotic disorders, there is a lack of pro-
spective studies identifying a clear increased risk of neuro-
psychiatric complications. While higher steroid doses 
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contribute to increased risk for all patients, there is equivocal 
evidence as to whether patients with premorbid psychiatric 
disorders are at increased risk [15–17]. However, clinical 
experience reveals that some patients are highly sensitive to 
steroids and have repeated history of developing serious neu-
ropsychiatric side effects. For such patients, prophylactic use 
of antipsychotic agents such as olanzapine or lithium may 
prove helpful [18].

 Substance Use Disorders

 Alcohol Use
Alcohol and other substance use disorders are common 
among LT recipients as excess alcohol and viral hepatitis 
incurred from illicit drug use are more likely to result in the 
need for LT than for other types of transplantation. 
Preparation for post-LT addiction stability begins during the 
pre-LT phase as potential candidates are carefully evaluated 
and addiction rehabilitation may be required to improve 
abstinence stability. However, because substance use disor-
ders are chronic medical illnesses requiring long-term man-
agement, it should not be assumed that transplantation cures 
an addiction or that addiction issues are no longer relevant 
following transplantation. To the contrary, rates of alcohol 
use for ALD LT recipients are significant (see below), and 
optimal treatment planning should encompass a longitudinal 
perspective for which LT is not the terminus. Studies exam-
ining the timing of addiction treatment demonstrate that LT 
recipients with alcohol use disorders who receive addiction 
treatment both before and after LT have the lowest relapse 
rates compared to those who receive addiction treatment 
only prior to LT or not at all [19, 20]. At one LT center, the 
introduction of an embedded alcohol addiction unit that pro-
vided intensive treatment and monitoring across the pre- to 
post-LT period was associated with reduced post-LT relapse 
rates compared to those patients not in the program (16.4% 
vs. 35.1%) and an improvement in the 5-year mortality rate 
[20]. Ongoing addiction treatment is especially pertinent 
post-LT as the early recovery period can be very stressful and 
physical stress and emotional distress during this period are 
associated with increased risk for alcohol relapse [21]. In 
one study, the use of an “alcohol contract” signed prior to 
transplant confirming a commitment to abstinence following 
transplant and agreement to attend addiction rehabilitation 
did not reduce the rates or amounts of alcohol use following 
LT [22].

For these reasons, transplant clinicians should monitor for 
alcohol use early on and reengage recipients in psychiatric 
and/or addiction counseling as indicated. Optimally the 
recipient would resume addiction counseling therapy early 
post-LT as a preventative measure. However, this can be 
challenging as patients have many competing medical priori-

ties and may not feel fully recovered in the early postopera-
tive period. Among these priorities, they may not see the 
need or value in resuming counseling. This is especially true 
if the patient was resistant to addiction counseling prior to 
LT. The intensity of the post-LT counseling will depend on 
where the patient is in their recovery treatment plan. Some 
may only require maintenance therapy, while others with 
short sobriety and little pre-LT counseling who proceeded to 
transplantation quickly due to the urgency of their condition 
may require intensive counseling post-LT.  Motivational 
interviewing may facilitate reengagement in addiction coun-
seling. Although most transplant programs do not have 
embedded addiction clinicians, if psychiatric consultants are 
available in the outpatient transplant clinic, these specialists 
may be able to see the patient during the early postoperative 
transplant clinic appointments and bridge the eventual transi-
tion back to community addiction services. Psychiatric con-
sultation can provide a thorough post-LT reevaluation of the 
patient’s recovery stability, understanding of his/her addic-
tion, commitment to lifelong abstinence, family and social 
support for continued abstinence, and the presence of other 
psychiatric disorders.

Monitoring of alcohol use is commonly done through 
self-report during transplant team clinic appointments [23–
25]. Maintaining an open, nonjudgmental approach during 
the interview can facilitate disclosure. In one study, three 
methods were used to monitor alcohol use post-LT (addic-
tion specialist interview, hepatologist interview, and the 
Alcohol Use Disorders Identification Test-Consumption 
(AUDIT-C)). In patients who had not yet developed liver 
test abnormalities due to their drinking, the addiction spe-
cialist not only identified more patients drinking alcohol but 
also uncovered significantly higher consumption amounts 
than were discovered by the hepatologist interview or 
AUDIT-C [26]. The authors hypothesized this was in part 
due to the focus of the hepatologist interview more on trans-
plant specific issues but also perhaps due to denial and 
shame on the part of the patient [26]. It was also suggested 
that the addiction specialist’s expertise and the provision of 
confidentially without sharing information with the trans-
plant program facilitated more open disclosure. However, 
whether transplant teams would agree to this arrangement 
for post-LT follow-up is unknown [27]. Following LT, while 
some disincentives to reveal alcohol use prior to transplant 
(e.g., fear of removal from transplant waitlist) may no lon-
ger exist, continued psychological obstacles of shame, guilt, 
and denial can make revelation of alcohol consumption to 
transplant clinicians difficult. Some patients may be con-
cerned about how the transplant team will respond to their 
resumption of alcohol use and may need to know that the 
transplant team will not abandon them. Nevertheless, trans-
plant teams should be careful not to condone or dismiss 
small amounts of alcohol use as these can quickly lead to a 
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relapse as noted below. Although we found that our trans-
plant clinical interviews with a psychiatrist who was part of 
the team at the University of Pittsburgh revealed the most 
episodes of post-LT alcohol use in comparison to other 
monitoring methods, using a combination of methods pro-
vides the greatest yield [28]. One study conducted in an LT 
clinic found among several biomarkers, urinary ethyl gluc-
uronide was the strongest marker of alcohol consumption 
and provided a more accurate prediction rate of alcohol con-
sumption than the AUDIT-C or carbohydrate-deficient 
transferrin [23]. Blood alcohol level is the most commonly 
used biomarker for monitoring alcohol use due to wide-
spread availability of this test. In some cases, a review of 
liver enzymes and biopsy results along with a candid discus-
sion with the LT recipient can provide opportunity to over-
come denial of the damaging consequences of their alcohol 
use [29].

One of the most highly investigated outcomes for LT 
recipients is alcohol use after LT.  A meta-analysis that 
included 50 LT studies of patients who received LT for ALD 
showed the cumulative incidence rate of any alcohol use was 
5.6% of patients per year and heavy use was 2.5% per year 
[25]. Some studies identified return to alcohol use beginning 
many years after LT, suggesting that relapse rates are unlikely 
to level off over time [25]. While these rates may appear low 
cumulatively, by 10 years, over 50% will have had any alco-
hol, and 25% will have engaged in heavy drinking. Among 
12 possible psychosocial risk factors for alcohol use (e.g., 
demographics and pre-LT characteristics), only 3 variables 
were significantly associated with relapse: poorer social sup-
port, family history of alcohol abuse/dependence, and pre-
 LT abstinence of less than 6  months [25]. However, a 
6-month cut point for pre-LT sobriety, although used in clini-
cal practice, is an arbitrary value. Cumulatively each addi-
tional month sober confers less risk to drink [30]. A study 
using cluster analysis of the DSM-IV criteria for alcohol 
abuse/dependence disorders found whereas the patient’s sub-
category of alcohol dependence identified by the cluster 
analysis was unimportant for risk stratification with respect 
to post-LT relapse, it was the diagnosis of alcohol depen-
dence compared to alcohol abuse that most accurately pre-
dicted relapse [31].

A prospective study of 208 ALD LT recipients found that, 
of those who drank, 40% (20% of the total cohort) pro-
gressed to a binge episode (6 drinks or more on a single 
occasion)—many within 6 months of their first drink [30]. 
This suggests that any exposure to alcohol is dangerous with 
the recipient quickly losing control over their consumption. 
In addition, moderate to heavy persisting patterns of alcohol 
consumption were identified in 20% of the cohort. These 
recipients tended to resume alcohol early postoperatively 
within the first months following LT. They were also signifi-
cantly more likely to experience poorer early outcomes, with 

more frequent evidence of acute rejection or steatohepatitis 
on biopsy, and higher likelihood of graft failure or death 
from recurrent ALD [21]. Those most likely to drink in these 
early problematic patterns also reported experiencing more 
stress, more pain, and less vitality, and they felt their health 
was worse after LT.

Overall patients transplanted for ALD as a group have 
survival comparable or better than patients transplanted for 
other types of liver diseases. However, not surprisingly, those 
who relapse, especially those who return to abusive drinking, 
have poorer 10-year survival rates (45.1% vs. 85.5%) [32] 
and decreased survival related to both recurrent ALD [33] 
and acute alcoholic hepatitis [34]. A meta-analysis of the 
impact of alcohol use on outcomes showed that, compared to 
those who did not drink, those who drank had nearly 4 times 
higher odds of graft steatosis, had 7 times higher odds of 
graft fibrosis, were 4.6 times more likely to develop worse 
histological findings on biopsy, and were 3.7 times more 
likely to die by 10 years [35].

 Marijuana Use
In a recent survey, only 43% of liver transplant programs 
considered pre-LT marijuana use an absolute contraindica-
tion to transplantation [36], and thus LT programs may not 
require discontinuation as a prerequisite for transplantation. 
In addition, some states have passed laws protecting organ 
transplantation for medicinal marijuana users. For example, 
in 2015, the state of California passed the Medical Cannabis 
Organ Transplant Act prohibiting discrimination against 
patients using legally prescribed medical cannabis in the 
organ transplant process, unless a surgeon or other physician 
has determined that medical cannabis use is clinically sig-
nificant to the transplant process. Consequently LT programs 
may be caring for recipients who are using marijuana follow-
ing LT. Specific rates of post-LT marijuana use have not been 
investigated, and there are no large studies of marijuana use 
in transplant recipients to examine the actual impact on out-
comes. However, a number of case reports of fungal lung 
infections in cannabis smoking transplant recipients indicate 
that smoked cannabis may expose immunocompromised 
patients to infectious agents [37, 38]. New evidence suggests 
inhaled/vaporized marijuana may be the source of these 
infections [39]. More worrisome is the fact that a recent 
study of medicinal dispensaries cultured multiple fungi 
(Aspergillus and Penicillium spp.) and bacteria (Klebsiella, 
Enterobacter, Salmonella, and Bacillus) from dispensary 
cannabis samples [39]. This underscores the fact that viable 
infectious organisms can be recovered from cannabis, even 
medicinal grade marijuana. Patients and clinicians are likely 
unaware that medicinal dispensaries do not have governmen-
tal quality or purity oversight [40], which raises risks specifi-
cally for immunocompromised patients. It is notable that 
clinical studies demonstrating the medicinal benefits of 
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cannabinoids used synthetic pharmaceutical grade cannabi-
noids, not smoked marijuana [41]. Additionally the Institute 
of Medicine maintains there is no medicinal role for smoked 
marijuana and no other medication is smoked [41]. This sug-
gests if medicinal cannabinoids are to be used, the best 
choice, to avoid these risks, would be the cannabinoid medi-
cations approved by the FDA (dronabinol and nabilone).

 Other Non-alcohol Substance Use
While there is a limited literature on LT patients with other 
nonalcohol substance use disorders, the same post-LT clini-
cal management and treatment as discussed above with alco-
hol use disorders would similarly apply to LT recipients with 
other substance use disorders. A few studies have addressed 
substance use in LT recipients who had comorbid alcohol 
and substance use. One study of ALD LT recipients with a 
median follow-up of 41 months found that 47% additionally 
used illicit drugs prior to LT with 17.2% of the total group 
using substances after LT [42]. Another study of LT patients 
with a pre-LT history of polysubstance use found that not 
only did polysubstance users have a higher rate of post-LT 
alcohol use but the majority also had ongoing substance use 
following LT [43]. The majority of post-LT substance use 
was marijuana, with pre-LT substance use being the only 
independent predictor of substance use after LT [42]. A 
meta-analysis including 4 studies of illicit drug use in LT 
recipients showed illicit drug relapse among all organ types 
averaged 3.7 cases per 100 patients per year, with a signifi-
cantly lower rate in liver versus other recipients (1.9 vs. 6.1 
cases) [25].

 Tobacco Use
While there is no doubt of the well-established negative 
effect of tobacco use on post-LT outcomes, only a quarter of 
LT programs consider tobacco use to be an absolute contra-
indication to transplantation [36]. Both current and prior 
smokers have an increased risk of post-LT morbidity, includ-
ing biliary and vascular complications, cardiovascular dis-
ease, increased rates of de novo cancer as well as recurrence 
of hepatocellular carcinoma, and poorer graft and patient 
survival [44–46]. Efforts toward tobacco use cessation, for 
both smoked and chewed tobacco, should be vigorously pur-
sued. Unfortunately, many LT recipients who stopped smok-
ing as a condition for transplant resume afterwards, ≥60% in 
two studies [47, 48]. In addition, a meta-analysis found that 
of patients with a prior substance use history, LT cohorts had 
the highest prevalence rate of post-LT tobacco use, with a 
rate of nearly 10% per year [25] as compared to 3.4% per 
year for all solid-organ transplant recipients [49].

Not surprisingly, those who resumed smoking had a 
shorter period of abstinence pre-LT and a longer history of 
smoking [48]. In addition those who smoked were also more 
likely to drink alcohol post-LT (OR, 1.79; 95% CI, 0.75–

4.27; P  =  0.026) [48]. Resumption of smoking can occur 
very early on within the first months after LT and can quickly 
increase in amount and frequency of use [47]. Thus, close 
monitoring, assessment of relapse risk, and assistance with 
smoking cessation are essential parts of the post-LT clinical 
care. In addition to pharmacotherapies that transplant clini-
cians/psychiatrists can prescribe (see Chap. 42), many states 
have smokers assistance programs including free nicotine 
replacement therapies and health coaches. The American 
Lung Association has a web-based smoking cessation pro-
gram with a number of assistance options (e.g., American 
Lung Association’s Freedom From Smoking Online). Similar 
to alcohol and other substance use, random biochemical 
monitoring for nicotine and cotinine is suggested to supple-
ment self-reported use [48].

 Methadone-Maintained LT Recipients
For patients on methadone maintenance therapy (MMT), 
higher doses may be required after LT when hepatic meta-
bolic function becomes normalized. In one study, the post-
 LT dose of methadone was increased an average of 60% 
from baseline [50]. LT teams often use methadone as the 
postoperative pain medication to avoid patient exposure to 
other narcotics that could precipitate relapse. MMT pro-
grams do not treat chronic pain, but following postoperative 
recovery when the patient transitions back to the MMT pro-
gram, a methadone increase can be justified to provide ade-
quate coverage for opioid addiction with improved liver 
functioning. Coordination of such dose increases with the 
MMT program is required so as not to interfere with the 
agreed upon treatment plan. Although MMT patients may 
see LT as a new chapter in their life and wish to discontinue 
methadone, in the stressful early recovery period, this should 
not be undertaken, as it can increase the risk for relapse. In a 
study of 36 MMT LT recipients, 4 (11%) relapsed to heroin, 
and 2 had their methadone increased to address their addic-
tion [51]. Relapses were brief and did not appear to affect 
outcomes [51].

Although several small cohort studies have reported simi-
lar medical outcomes for MMT LT recipients compared to 
non-MMT recipients [51], several other studies suggest these 
patients may have higher perioperative morbidity, longer 
hospital stays, and more severe recurrent hepatitis C infec-
tions [50, 52].

 Treatment Adherence

Lifelong adherence to medical treatment and self- 
management is crucial to successful liver transplantation. 
Unfortunately, nonadherence is emerging as a major cause of 
transplant patient morbidity and graft loss. Adherence 
includes perpetual daily self-administration of at least one 
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antirejection medication, frequent self-monitoring (e.g., vital 
signs, weight) and reporting of symptoms as indicated to the 
transplant team, as well as follow-up appointments, labora-
tory testing, and general self-care. The concept of adherence 
also includes following prescribed diet and exercise regi-
mens. A meta-analysis of adherence behaviors across all 
organ types showed that liver recipients had some of the low-
est rates of nonadherence when compared to kidney, heart, 
pancreas, and lung recipients including the lowest rates of 
medication nonadherence; 6.7 cases per 100 persons per year 
of follow-up (PPY) compared to 14.5 PPY for heart and 35.6 
PPY for kidney recipients [49]. Liver recipients were the 
least likely to be nonadherent to an exercise regimen and 
interestingly had similar, not higher, rates of substance use 
including alcohol, tobacco, and illicit drugs compared to 
other organ recipients [49].

While many liver transplant patients have a history of 
medical illness from which a pattern of adherence (or nonad-
herence) can be established, it remains difficult to predict 
based on pre-transplant evaluation which patients will have 
nonadherence behaviors and resulting complications post- 
transplant. Across all organ types, in addition to pre- 
transplant nonadherent behaviors, depression and anxiety, 
substance use, poor support, low health literacy, lower socio-
economic status, and greater complexity of the treatment 
regimen have been associated with poorer adherence follow-
ing transplant [53, 54]. A single study comparing adherence 
rates between kidney and liver recipients showed symptoms 
of depression were associated with lower rates of immuno-
suppressive medication adherence in renal but not liver 
transplant recipients [55]. However, another study examin-
ing treated versus untreated depression in LT recipients 
found higher rates of acute rejection in the untreated 
depressed group suggesting acute rejection may have been 
mediated by depression-related nonadherence [56].

Transplant recipients tend to underestimate their level of 
nonadherence to medications [57]. Given that self-report of 
adherence is not always reliable, other methods are some-
times used to monitor adherence. Most commonly, immuno-
suppressive medication blood levels are used. A higher 
variability in successive blood levels between blood draws 
indicates a non-steady state of immunosuppression coverage 
in the transplant recipient and can be used as a marker for 
nonadherence and can also be used as a predictor of graft 
rejection [58].

In a study of LT recipients’ treatment, knowledge of pre-
scribed medication regimen (defined as a patient’s ability to 
describe each medication’s indication and dosing schedule) 
showed factors correlated with lower treatment knowledge 
were lower income, less time since transplant, a higher num-
ber of medications in the regimen, and low health literacy. 
A higher level of treatment knowledge was associated with 
fewer rehospitalizations after transplant [59]. These find-

ings highlight the importance of ongoing assessment of LT 
recipients’ understanding of prescribed medication regimen 
as well as reeducation around the time of changes in the regi-
men. Possible measures toward increasing treatment knowl-
edge would be complete medication reconciliation at every 
appointment, counseling with a pharmacist about medica-
tions at every refill visit and frequently providing the most up-
to-date medication list for patients. The use of drug- reminder 
(blister pack) packaging was also shown to improve medica-
tion adherence and could be recommended and facilitated by 
providers for those patients at high risk of nonadherence [60].

A systematic review including three studies of LT recipi-
ents examined interventions intended to improve medication 
adherence [61]. A combination of cognitive, educational, 
counseling, and psychological interventions at the patient, 
provider, and system levels were more likely to be effective 
than single interventions [61]. Improving patient education 
and encouraging an active role in treatment may improve 
patient adherence [62]. In addition to education assessment 
of barriers, involving the patient in the selection of strategies 
to improve adherence, and allowing them with support to 
make their own decisions about their care, is most likely to 
produce the best results [63, 64]. Motivational interviewing 
or problem-solving therapies can be used to address barriers 
to adherence. However, because adherence tends to deterio-
rate over time [53], ongoing assessment of adherence behav-
iors with booster intervention sessions will likely be required 
over the long term.

 Cognitive Recovery Post-Liver 
Transplantation

Cognitive impairment is common prior to LT due to physio-
logical consequences of end-stage liver disease, specifically 
hepatic encephalopathy (HE), but comorbid diseases (e.g., 
diabetes, vascular disease), prior trauma, or the effects of 
substance use (e.g., alcohol or drugs) may also contribute to 
pre-LT deficits. Hepatic encephalopathy is common pre-LT 
with 70% of patients demonstrating subtle symptoms, but 
nearly 50% having overt motor and neuropsychological 
impairment [65]. While successful treatment of HE improves 
cognitive functioning, several studies show even one episode 
of overt HE can result in persistent cognitive deficits in the 
areas of working memory, response inhibition, and learning 
[66, 67]. Thus, the reversibility of cognitive impairment or 
the potential for worsening cognitive symptoms following 
LT depends on a variety of factors influencing the vulnerabil-
ity of the brain including age, prior central nervous system 
damage, severity of pre-LT hepatic encephalopathy, homeo-
static reserve of the brain, and the ability to withstand 
transplant- related stressors (e.g., hemodynamic changes, 
operative stresses, immunosuppressive medications).
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The incidence of postoperative cognitive dysfunction, 
defined as a “more than expected” postoperative deteriora-
tion in cognitive areas such as short-term and long-term 
memory, consciousness, mood, and circadian rhythm, is esti-
mated at 44% [68]. It is associated with several factors 
including the severity of hepatic failure before transplanta-
tion, alcohol abuse, use of immunosuppressants and cortico-
steroids, neuroinflammation, ischemia-reperfusion 
syndrome, and postoperative infections [68]. In terms of 
long-term cognitive recovery, the literature indicates that 
improvement in pre-LT cognitive deficits is possible, though 
complete resolution of these deficits may not be. Moreover, 
pre-LT cognitive status based largely on the presence of HE 
may play a significant role in post-LT cognitive outcomes. In 
a prospective study of 66 patients who underwent neuropsy-
chological testing before and 6 months after LT, the percent-
age of patients who exhibited cognitive impairment as 
determined by psychometric hepatic encephalopathy scores 
was significantly reduced from 67% pre-transplant to 21% 
post-transplant. However, the researchers also found that 
patients with pre-LT cognitive impairment performed worst 
in almost all areas of cognitive testing except for block 
design and line tracing after LT compared to the cognitively 
unimpaired pre-transplant patients [69].

The connection between post-LT cognitive recovery and 
severity of pre-transplant HE was explored by comparing the 
post-LT cognitive functioning of three groups: those with HE 
pre-LT, those without HE pre-LT, and matched controls. 
Compared to the control group and those without HE pre-LT, 
patients who had HE pre-LT demonstrated significantly 
worse performance 18 months post-LT on several domains 
of the Repeatable Battery for the Assessment of 
Neuropsychological Status (RBANS) exam, Psychometric 
Hepatic Encephalopathy Score subtests, and critical flicker 
frequency test [70]. Additionally, a study involving 65 LT 
recipients found that 1-year post-transplant EEG normaliza-
tion was similar between patients with and without history of 
overt HE.  On neuropsychological testing though, patients 
with a history of overt HE showed the most improvement in 
cognitive functioning from their pre-transplant baseline but 
continued to perform worse on cognitive testing compared to 
those without a history of overt HE. In terms of predictors of 
cognitive dysfunction post-transplantation, only age was 
found to be significant predictor [71].

While most studies show global cognitive improvement, 
at least one study found discrepancies in specific areas of 
cognitive recovery. In a prospective study, patients with prior 
minimal HE failed to reach the functional level of controls 
on visuomotor performance testing conducted on average 
21 months post-LT.  In fact, 7 of the 14 patients with prior 
minimal HE showed no improvement in this cognitive area 
[72]. Knowledge that post-LT patients may have continued 
cognitive impairment should be shared with patients and 

their support system prior to LT to provide them with reason-
able expectations. It may also suggest the need for continued 
engagement of patient’s support system at post-LT follow-
 up, especially when significant medication adjustments or 
patient education need to be provided. In some cases, patients 
may also be considered for cognitive rehabilitation to help 
optimize their functioning post-LT.

 Pharmacologic Considerations

In addition to psychotherapy (see Chap. 43), pharmacother-
apy is an essential treatment component in the psychiatric 
care of LT recipients. Here we will briefly touch on liver- 
specific metabolic issues and refer the reader to Chap. 42 on 
psychopharmacology in transplant patients. Psychotropic 
medications are often inadvertently discontinued in the early 
post-LT recovery period due to oversight, lack of awareness 
of the need of ongoing treatment by nonpsychiatric provid-
ers, or concern over the patients’ medical fragility and the 
potential risks of psychotropic medications. Although the 
treatment of transplant recipients can be complicated, with-
holding needed psychotropic medications can lead to onset/
recurrence of psychiatric disorders and, as noted above, 
result in poorer patient outcomes.

As most psychotropic medications are hepatically metab-
olized, it is critical to establish the restoration of normal 
organ functioning during the early recovery period after 
LT.  For the majority of recipients, the newly transplanted 
organ functions immediately, so that normal physiological 
parameters are quickly restored and pharmacokinetic abnor-
malities resolve. However delayed graft function (DGF) is 
the most common allograft complication affecting pharma-
cokinetics in the immediate post-transplantation period. 
DGF occurs in 10%–25% of liver recipients but can reach 
50% if marginal organs are counted [73, 74]. Although the 
pharmacokinetics of psychotropic medications in DGF have 
not been examined, studies of immunosuppressive medica-
tion metabolism suggest recipients with DGF may require 
one- half of the typical dose [75, 76]. Acute cellular rejection 
with resulting transient graft dysfunction occurs in 20–70% 
of LT recipients, typically within the first 3 weeks post-trans-
plant. Most cases are effectively treated, do not lead to clini-
cally significant alteration in liver histology or architecture 
[77], and require no specific change to psychotropic dosages. 
However, chronic rejection that evolves over time in 5%–10% 
of liver recipients eventually leads to chronic liver dysfunc-
tion and loss of metabolic capacity [77]. In these cases, pre-
cautions similar to pre-LT cirrhosis should be taken.

In addition to graft status, the patient’s total physiologic 
status should be considered in drug choice and dosing. 
Resolving hepatorenal syndrome, lingering ascites, or liver 
congestion can affect pharmacokinetics. In the absence of 
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these issues within the first month following LT, patients 
with stable liver functioning can have the clearance and 
steady-state volume of distribution of drugs similar to healthy 
volunteers [75]. Following the surgical recovery and resolu-
tion of immediate postoperative complications (e.g., seda-
tion, intestinal paralysis), patients can be treated with normal 
therapeutic dosing. An additional consideration is whether 
the pre-LT dosing of a psychotropic medication may require 
an increase to accommodate the improved functioning of the 
liver.

 Post-transplant Quality of Life 
and Employment

Improving mental health outcomes requires not only under-
standing and lessening the impact of mental health disorders 
on transplant outcomes but also an awareness of the role of 
quality of life (QOL) and functional status. Ideally, follow-
ing a period of postoperative recovery, rehabilitation, and 
adjustment to a new self-care regimen, patients would 
resume their roles within their family, community, and work-
place. There is substantial evidence that QOL across many 
domains improves pre- to post-transplant [78]. Unfortunately, 
liver transplant recipients do not achieve the QOL of healthy 
controls [78]. The degree of improvement appears largely 
driven by the severity of illness at the point of transplant 
rather than the primary liver disease [78, 79]. While LT 
recipients’ QOL can dramatically improve in the early period 
following transplant and largely be sustained over a decade 
following transplant, there are gradual and consistent decre-
ments in QOL over time [80]. Additionally, those with com-
bined ALD and hepatitis C reported the worst quality of life 
compared to others and had the greatest rate of physical 
decline compared to those with either etiology alone or other 
etiologies of liver disease [80]. Whether these outcomes will 
improve with the newer antiviral therapies is yet unknown.

Following LT, employment rates are significantly lower 
than the general population. Across studies, rates range from 
22% to 60%, with an average employment rate of 37% from 
studies published after 2000 [81, 82]. A considerable portion 
of recipients pursue early retirement, but this does not fully 
explain the low rates among younger patients. Even com-
pared against renal transplant recipients, rates are below 
expected, and efforts have been made to understand what 
factors influence post-LT employment [82, 83]. Results from 
several studies have shown that the most consistent factors 
associated with employment include pre-LT employment, 
younger age (18–40), higher education, functional/health 
status, and subjective work ability [82, 84, 85]. Although 
some report higher employment rates with males, it is unclear 
if this is due to females being more likely to be doing unsala-
ried work as homemakers [82, 84]. Racial differences have 

also been suggested, but have not been adequately studied 
[84]. Interestingly, severity of pre-LT liver disease as mea-
sured by MELD has not seemed to influence post-LT employ-
ment [82]. A recent study looking at pre-LT hepatic 
encephalopathy suggested similar findings [86]. Even if 
there is a desire to return to work, patients may not be able to 
return to their pre-LT level of employment [87]. For others, 
fear of losing health insurance coverage tied to disability 
benefits dissuades efforts at seeking employment [82, 84].

Existing studies of post-LT employment are mostly cross- 
sectional and descriptive in nature. There is also consider-
able heterogeneity among studies regarding the definition of 
employment, approaches to assessing work experience, the 
time point of assessment, as well as other factors, making 
broad conclusions about findings challenging [82, 84]. 
Nonetheless, some studies bear greater attention due to large 
sample size or use of a control group [81, 85, 88]. Huda et al. 
obtained United Network for Organ Sharing (UNOS) 
employment data on recipients within 24  months after LT 
between 2002 and 2008. Of approximately 22,000 patients, 
only 24% were employed within 24  months after LT, and 
those employed had significantly better functional status 
than those not employed [81]. Another study examined 
UNOS data on approximately 13,000 recipients 5 years after 
LT and divided those employed based on level of continuity 
of post-LT employment and timing of return to work [85]. 
Lower socioeconomic status, higher local unemployment 
rates, and post-transplant complications and comorbidities 
were predictors of less than continuous post-LT employ-
ment. Of note, nearly half who resumed work within 2 years 
after LT later became unemployed [85]. A Finnish study uti-
lized an age and gender-standardized community-based con-
trol group for comparison against 353 LT recipients [88]. 
Assessments included health-related quality of life 
(HRQOL), which was slightly lower than the control group. 
Recipients who were employed reported significantly better 
HRQOL compared to those unemployed. This finding is 
similar to an earlier study of 308 LT recipients that found 
better SF-36 scores on role physical and physical function-
ing, indicating less limitation in these areas due to health 
problems, were independently associated with post-LT 
employment [89]. Beyond a positive impact of physical 
well-being on post-LT employment, separate studies have 
reported a negative impact from depression [90, 91].

A recent review of post-LT employment studies stressed 
the need for transplant programs and clinical studies to 
incorporate efforts at providing job rehabilitation post-LT 
[82]. Additionally, as a consistent finding across studies is 
the positive influence of pre-LT employment, it was also 
recommended that transplant candidates be provided with 
assistance in maintaining employment. Reducing pre-LT 
disability by managing minimal HE, maintaining mobility, 
and helping to plan for work adjustments was encouraged. 
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Post-LT, physical rehabilitation, encouragement, self- efficacy 
measures, and depression management were recommended 
to facilitate recipients’ return to employment [82]. Although 
social functioning is another factor contributing to post-LT 
QOL, studies are lacking. Usually mentioned in employment 
or QOL studies, there is indication that social functioning 
may not improve significantly post-LT [88, 91, 92].

 Conclusions
Liver transplant recipients represent a complex patient 
population who among solid organ recipients have some 
of the highest prevalences of mental health disorders. 
Patients with mental health disorders can successfully 
undergo transplantation and have good outcomes, espe-
cially if they are identified and adequately psychiatrically 
managed. Those with serious mental health disorders can 
also achieve good outcomes, if expert management, good 
caregiver support, and collaboration with the transplant 
team are established. Substance use, especially alcohol 
and tobacco use, and nonadherence to medications con-
tinue to represent significant issues following 
LT.  Clinicians should consistently monitor for these 
behaviors, including self-report and biochemical screen-
ing for substances and immunosuppressive medication 
levels. With all mental health disorders, continuity of psy-
chiatric care from pre- to post-LT is essential for optimal 
mental health and medical outcomes to be achieved. In 
the early postoperative period assessment, identification 
and treatment of emerging psychiatric and behavioral 
issues are critical. Reinstitution and adjustment of psy-
chotropic medications may be indicated. If nonadherent 
behaviors are identified, the use of psychotherapeutic 
techniques including education, motivation, and problem-
solving may alleviate poor adherence behaviors. Beyond 
mental health outcomes, whether strategies to improve 
quality of life and social reintegration can additionally 
improve medical outcomes can be considered, but studies 
of such interventions are lacking.
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 Introduction

Heart failure (HF) affects more than 6 million people in the 
United States (US) and over 26 million worldwide [1]. It is 
the leading cause of hospitalizations in the United States and 
Europe [2], imposing a major economic burden with an esti-
mated total cost of greater than $100 billion annually world-
wide [3, 4]. While there have been significant breakthroughs 
in the management of HF, the current medical and device 
therapies more often delay or halt than reverse its progres-
sion. Consequently, the prevalence of symptomatic HF has 
continued to rise, resulting in more than one million hospi-
talizations in the United States annually due to HF [2]. As 
more patients progress to the advanced phase of the disease, 
there is a growing need for advanced HF therapies including 
mechanical circulatory support (MCS) and heart transplanta-
tion, the ultimate therapy for HF.

This chapter highlights the clinical manifestations and 
natural course of HF and the role of heart transplantation 
evaluation in the care of those with advanced HF. 
Specifically, we aim to describe the foundation of medical 
evaluations leading to heart transplantation consideration, 
summarize issues around risk assessment, and review a 
framework of pre-transplantation workup with specific ref-
erence to the decision-making process. Our goal is not to 
recreate currently available, published guidelines (2016) 
[5] but rather highlight the key considerations in heart 
transplantation evaluation and share our approach to man-
aging and evaluating patients with advanced HF, based on 
our experiences at Stanford and the data from the 
International Society for Heart and Lung Transplantation 
(ISHLT) registry.

 Definitions of Heart Failure

The American College of Cardiology (ACC)/American Heart 
Association (AHA) guidelines define HF as “a complex clini-
cal syndrome that can result from any structural or functional 
cardiac disorder that impairs the ability of the ventricle to fill 
or eject blood [5–7].” It is important to note that HF is a clini-
cal diagnosis based on a careful history and physical exami-
nation [8]. HF can be further classified into two groups 
according to the parameters of left ventricular (LV) function: 
(1) HF with reduced ejection fraction (HFrEF) or systolic HF 
and (2) HF with preserved ejection fraction (HFpEF) or dia-
stolic HF. While variations in the threshold to define HFpEF 
exist (generally LVEF ≥ 50%), about half of the HF cases, 
especially in patients aged greater than 65 years, are due to 
HFpEF.  Regardless of the underlying ventricular function, 
the diagnosis of acute decompensated HF is made when there 
is a “gradual or rapid change in heart failure signs and symp-
toms resulting in a need for urgent therapy [9].”

 Symptoms of Heart Failure

Dyspnea is a cardinal symptom of HF. Typically it reflects 
pulmonary congestion due to elevated cardiac filling pres-
sures but may represent restricted cardiac output. The absence 
of progressive dyspnea, however, does not necessarily exclude 
the diagnosis of HF, because patients may accommodate to 
symptoms by substantially modifying their lifestyle and lim-
iting their physical activities. Additionally, patients may sleep 
with their head elevated (orthopnea) to relieve dyspnea or 
develop nocturnal cough, which is frequently overlooked as 
symptoms of HF. Other common congestive or “fluid over-
loaded” symptoms include weight gain, edema in dependent 
areas (e.g., extremities or scrotum), increasing abdominal 
girth from ascites, and early satiety. Fatigue is another impor-
tant symptom of HF and may result from (1) reduced cardiac 
output either at rest or with physical exertion and (2) altered 
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metabolic capacities of skeletal muscles due to cardiac limita-
tion. The low cardiac output may also cause other generalized 
symptoms including lack of appetite or anorexia with resul-
tant progressive malnutrition, depressive mood, and cognitive 
impairment, which are critical for clinicians to recognize and 
respond to urgently and appropriately.

 Stages of Heart Failure

The severity of HF is frequently assessed by patients’ exer-
cise capacity and symptomatic status. The most commonly 
used classification system to quantify functional status was 
developed by the New  York Heart Association (NYHA) 
which assigns patients to one of the four functional classes, 
depending on the degree of effort needed to elicit symptoms 
(Table 16.1). It is based solely on symptoms and can be vari-
able and dynamic depending on one’s dietary and medical 
compliance, temporary comorbidities (e.g., gastrointestinal 
bleed, renal dysfunction, etc.), or concurrent arrhythmias. 
On the other hand, American College of Cardiology/
American Heart Association (ACC/AHA) HF stages are 
based on risk factors and structural abnormalities of the heart 
as well as clinical symptoms of HF.  The ACC/AHA HF 
stages are progressive. Once a patient advances to a higher 
stage of HF, there is no regression to an earlier stage. The HF 
stages also have prognostic implications—in a population 
cohort study, a 5-year survival rate for stage A, B, C, and D 
HF was 97%, 96%, 75%, and 20%, respectively [10].

The NYHA functional classification and the ACC/AHA 
stages of HF provide complementary information when 
assessing the severity of HF. While the NYHA classes focus 
on the functional limitation by HF that is both subjective and 
dynamic, the ACCF/AHA stages of HF emphasize the devel-
opment and progression of the disease. Since a majority of 
the HF patients in the United States are older than 65 years, 
however, the symptom-based, functional classification can 
be limited by other comorbidities such as pulmonary or mus-
culoskeletal limitations.

 Advanced Heart Failure

Over time, if patients don’t succumb to other comorbidities 
or to cardiac-related sudden death, patients progress to 
advanced HF, defined as a condition refractory to maximal 
medical and device therapies with persistent severe symp-
toms [11]. This corresponds to ACC/AHA HF stage D and 
NYHA classes III–IV. Patients with advanced HF are consid-
ered for special treatment strategies such as implantation of 
MCS; heart transplantation; other innovative, experimental 
procedures (e.g., cell therapy); or palliative care. Estimating 
prognosis in this population is challenging as the clinical 
course varies significantly across the spectrum of disease 
severity. Typically, the diagnosis of advanced HF leads to a 
1-year mortality rate of 50% [12] and 5-year mortality rate of 
80%, comparable to or even worse than those of metastatic 
cancer.

 Etiologies of Heart Failures

About half of the HF cases among adult patients are due to 
ischemic insult from coronary artery disease, called ischemic 
cardiomyopathy. This typically results from obstruction of 
coronary flow due to atherosclerosis, which could be abrupt 
in the form of acute myocardial infarction, or occult in many 
cases where only the manifestations of HF rather than overt 
ischemic symptoms are present. In some cases, chronic isch-
emia from critically narrowed coronary arteries can also 
cause functionally reduced yet viable myocardium called 
hibernating myocardium, which may be reversible with cor-
onary revascularization therapies such as percutaneous coro-
nary interventions or coronary artery bypass graft surgeries.

The other half of the HF cases, collectively called non-
ischemic cardiomyopathy, have wide-ranging etiologies, 
including but not limited to chronic hypertension, structural/
anatomical abnormalities (e.g., congenital heart diseases, 
valvular heart disease), primary myocardial processes (e.g., 
hypertrophic cardiomyopathy, dilated cardiomyopathy, 

Table 16.1 Stages of HF ACCF/AHA stages of HF NYHA functional classification
A At risk for HF but without 

structural heart disease or 
symptoms of HF

None

B Structural heart disease but without 
signs or symptoms of HF

I No limitation of physical activity
Ordinary physical activity does not cause symptoms of HF

C Structural heart disease with prior 
or current symptoms of HF

II Slight limitation of physical activity
Comfortable at rest, but ordinary activity results in 
symptoms of HF

III Marked limitation of physical activity
Comfortable at rest, but less than ordinary activity causes 
symptoms of HF

IV Unable to carry on physical activity without symptoms of 
HF or symptoms of HF at rest

D Refractory HF requiring specialized 
interventions
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arrhythmogenic right ventricular cardiomyopathy, left 
 ventricular non-compaction), infiltrative processes (e.g., 
hemochromatosis, amyloidosis, and sarcoidosis), drugs/tox-
ins (e.g., alcohol, cocaine, amphetamine, chemotherapies, 
acute stress/catecholamine surge, and radiation), inflamma-
tion (e.g., idiopathic, infective, and autoimmune), and endo-
crine/metabolic abnormalities (e.g., thyrotoxicosis, diabetic 
cardiomyopathy, peripartum cardiomyopathy). Identifying 
the underlying causes of HF can help risk-stratify patients 
and customize treatments beyond conventional HF therapies. 
For instance, patients with amyloid cardiomyopathy have a 
grave prognosis if untreated (median survival approximately 
13 months) and may benefit from chemotherapies to eradi-
cate the plasma cells responsible for amyloid production. Or, 
if patients suffer from HF due to acute or chronic substance 
abuse in the form of alcohol or cocaine, abstinence from 
these substances itself can potentially lead to complete or 
partial recovery of the cardiac function.

 Treatment Options for Advanced  
Heart Failure

The guideline-directed HF therapies are aimed to alleviate 
symptoms, prevent disease progression, and prolong sur-
vival. Once these treatments are no longer effective, alterna-
tive options may be considered such as heart transplantation, 
implantation of permanent MCS, and palliative therapy with 
or without continuous inotropic support. The decisions on 
these approaches are complex and depend on both what is 
medically reasonable for the patient and the patient’s values 
and goals of care. Therefore, comprehensive medical and 
psychosocial evaluations are necessary when considering 
advanced therapies. In cases of acute presentation with car-
diogenic shock where a patient’s cognitive and communica-
tive capacities can be compromised, it may not be possible to 
sufficiently assess the patient’s psychological capacities to 
cope with illness or to comply with medical therapies 
required for the advanced HF intervention.

In general, heart transplantation is considered as the gold 
standard therapy for advanced HF.  According to the 2016 
33rd ISHLT Registry Report [13], more than 113,000 heart 
transplantations have been performed worldwide since 1983, 
with nearly 5000 heart transplantations performed every 
year. The actual number of transplantations is likely higher 
given the presence of under-reporting outside of the United 
States. The number of heart transplantations performed 
annually has largely plateaued since the early 1990s, reflec-
tive of the limited organ availability. With advancements in 
surgical techniques and the post-transplant care, the out-
comes following heart transplantation has improved dramati-
cally, with 1-year survival rate of 90% and 10-year survival 
rate greater than 50% [13].

However, the number of potential organ donors remains 
insufficient to meet the growing need for heart transplanta-
tion. In response to this mismatch, permanent MCS devices 
such as the left ventricular assist device (LVAD) have been 
developed to treat advanced systolic HF. The LVAD is a sur-
gically implanted mechanical device that collects blood from 
the LV and delivers the blood to the aorta, providing circula-
tory support for the body without relying on intrinsic LV 
function (see Chap.18 for further details). The LVAD may be 
used as (1) destination therapy (DT) for patients in whom 
heart transplantation is not an option due to advanced age, 
significant comorbidities, or other inadequate social circum-
stances, (2) bridge-to-eligibility (BTE) for those who are not 
considered ideal transplant candidates at the time of the sur-
gery (e.g., due to unresolved psychosocial issues, relatively 
recent cancer, significant but possibly reversible end-organ 
dysfunctions, etc.) or those with reversible cardiac pathology 
with a higher chance of recovery, or (3) bridge-to-transplant 
(BTT) for patients in whom heart transplantation is antici-
pated and planned but who require immediate intervention 
for impending clinical deterioration. Due to limited organ 
availability, BTT is increasingly used to provide hemody-
namic stability for those awaiting heart transplantation. 
Approximately 5.6% of the heart transplant recipients were 
under MCS at the time of the surgery in 1998 versus 24.1% 
in 2011 [14]. However, it is important to point out that MCS 
devices are associated with high rates of complications, 
including infections, bleeding, thrombosis, and cerebrovas-
cular accidents [15]. With more patients under MCS before 
transplantation, heart transplant candidates are at risk for 
increasing medical comorbidities.

Alternatively, for patients who are medically deemed 
inappropriate for advanced therapies or whose wishes are not 
consistent with the invasive surgical approaches, medical 
care can be directed at managing symptoms and improving 
the quality of life with palliative measures such as continu-
ous intravenous inotropic support, supplemental oxygen, 
diuretics, and opioids to relieve dyspnea. These measures do 
not significantly prolong life expectancy and can be deliv-
ered at home with the help of hospice agency geared toward 
maximal comfort.

 Indications for Heart Transplantation

ACC/AHA and ISHLT guidelines include the following 
 indications for heart transplantation (Table 16.2) [5, 6, 16]: 
(1) cardiogenic shock requiring mechanical circulatory sup-
port or inotropic drugs; (2) refractory end-stage HF consistent 
with NYHA class 4 or ACC/AHA stage D despite optimal 
therapy; (3) recurrent life-threatening arrhythmias despite 
maximal interventions; or, rarely, (4) refractory angina with-
out potential for revascularization. With increasing use of 
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continuous LVAD as BTT, there is a growing number of post-
LVAD patients on the transplant list. Additionally, as more 
patients with congenital heart disease are surviving to an 
older age, growing number of adult patients with repaired 
congenital heart defect and progressive heart failure are being 
considered for heart transplantation [17].

All patients who are actively considered for heart trans-
plantation must undergo an extensive medical and psychoso-
cial evaluation by a designated transplant team to stratify the 
overall medical and psychosocial risk and the urgency of 
heart transplantation. In this chapter, we will primarily focus 
on the medical evaluation required prior to the listing for 
heart transplantation.

Understanding the balance of HF-related risk and peri-
operative risk is critical in identifying patients who would 
derive the most benefit from heart transplantation. First, 
beyond the ACC/AHA and NYHA stages of HF, other 
objective data assessing one’s cardiac function, such as 
echocardiographic and hemodynamic parameters, should 
be included when evaluating patients for transplantation 
candidacy. In particular, a noninvasive hemodynamic test-
ing, often termed as cardiopulmonary exercise physiology 
test (CPX), is useful in screening and monitoring ambula-
tory patients with HF. It provides an objective assessment 
of a patient’s functional and physiological capacities and 
also estimates cardiac output by measuring its surrogate 
marker, peak oxygen consumption rate (peak VO2). A peak 
VO2 less than 14  mL/kg/min or 12  mL/kg/min while on 
beta-blockade therapy indicates a poor prognosis with a 
survival rate that is less than that of a transplant (Table 16.2), 
thus warranting initiation of heart transplantation evalua-
tion. Additionally, invasive right heart catheterization 
(RHC) should be performed in all transplant candidates 

periodically (e.g., every 6 months at Stanford) to document 
their hemodynamic parameters (e.g., cardiac output, pul-
monary artery pressures) and to evaluate for the presence of 
reversible or irreversible pulmonary hypertension (pHTN) 
which is relevant to both heart transplant and MCS 
candidacy.

To further determine the suitability of listing patients for 
heart transplantation, especially in cases where hemody-
namic measures are ambiguous, risk models may be used. 
While estimating individual prognosis is difficult due to the 
large variability in clinical course even within the same HF 
stage, few scoring systems have been developed to predict 
outcomes in HF, such as the Seattle Heart Failure Model 
(SHFM) [18] and the Heart Failure Survival Score (HFSS) 
[19] that utilize the combination of clinical, echocardio-
graphic, and laboratory data. Generally, estimated 1-year 
survival of less than 80% on SHFM or high−/medium-risk 
range on HFSS with a score of less than 8.1 correlating 
with a 1-year survival rate of less than 72% is considered to 
favor listing for heart transplantation. However, it is impor-
tant to note that the results of these risk models alone 
should not be used as a sole determinant for heart trans-
plantation listing.

 Assessment of End Organs for Potential 
Multi-organ Transplantation

The end-organ functions (e.g., kidneys, lungs, and liver) 
depend on adequate perfusion from the heart. Impaired car-
diac function may lead to temporary or irreversible damage 
to the organs. Inadequate function of these vital organs may 
lead to poor outcome following heart transplantation. 
Therefore, it is critical to accurately assess end-organs’ sta-
tus as a part of the heart transplant evaluation. To determine 
whether concurrent end-organ dysfunction would likely 
complicate the outcome of the heart transplant, careful eval-
uations should be performed to assess (1) how much of the 
observed dysfunction is related to cardiac limitation and (2) 
to what extent it is reversible, often assessed by preoperative 
interventions such as withdrawal of nephrotoxic medica-
tions or initiation of inotropic or circulatory support. In 
cases where significant, irreversible end-organ dysfunction 
is present, heart transplantation is generally considered con-
traindicated, unless concurrent listing for the transplant of 
those affected organs is planned. Therefore, it is necessary 
to distinguish patients with reversible end-organ failure 
from those patients with advanced, irreversible end-stage 
disease. Thus far, multi-organ transplantations including 
combined heart- kidney, heart-lung, and heart-liver have 
been successfully accomplished. However, these aforemen-
tioned combinations comprise only a minority of overall 
heart transplant operations.

Table 16.2 Indications for heart transplantation

Listing criteria for cardiac transplantation
Cardiogenic shock requiring continuous intavenous inotropic 
therapy or mechanical circulatory support
NYHA class IV HF symptoms despite maximized medical and 
resynchronization therapy
AND
VO2:  For patients intolerant of beta-blocker therapy, a peak 

VO2 ≤ 14 mL/kg/min
   For patients on beta-blocker therapy, a peak VO2 ≤ 12 mL/kg/min
    For patients who are young (<50 years old) or women, peak 

VO2 < 50% predicted may be used as an alternative criterion
Selective NYHA class III or IV patients with restrictive or 
hypertrophic cardiomyopathies (including those with cardiac 
amyloidosis)
Recurrent, intractable life-threatening left ventricular arrhythmias 
despite an implantable cardiac defibrillator, antiarrhythmic therapy, 
or catheter-based ablation
Refractory angina without potential medical or surgical therapeutic 
options
End-stage congenital HF with no evidence of pulmonary 
hypertension
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Renal dysfunction is common among patients with HF 
and may be due to a combination of congestion from the high 
filling pressure and reduced perfusion from the low cardiac 
output (also known as the cardiorenal syndrome). It may also 
result from predisposed conditions such as diabetes, hyper-
tension, or primary renal disease, all of which are risk factors 
for HF. Kidney function can be evaluated by creatinine clear-
ance, the presence of significant protein in the urine (protein-
uria), and ultrasound of the kidneys. To determine the 
reversibility of underlying renal dysfunction, medical or 
device manipulation can be attempted to temporarily aug-
ment cardiac output and correlate with changes in renal func-
tion. Generally, irreversible renal dysfunction with serum 
creatinine level > 2 mg/dL or creatinine clearance <30 (mL/
min/1.73 m2) is considered as a relative contraindication to 
cardiac transplantation without plans for concurrent listing 
for the kidney.

Pulmonary disease can be subdivided into the primary 
parenchymal disease (e.g., chronic obstructive lung dis-
ease, interstitial lung disease) or the pulmonary vascular 
disease (e.g., pulmonary hypertension (pHTN)). Primary 
parenchymal disease can be assessed by pulmonary func-
tion test and chest imaging such as chest X-ray and com-
puterized tomography (CT) scan. Since infection or 
pulmonary congestion can transiently alter the results of 
these tests, it is important to optimize one’s medical condi-
tion prior to the evaluation. Given the high arrhythmia bur-
den among advanced HF population with subsequent 
increased use of amiodarone therapy, there is a relatively 
high incidence of amiodarone pulmonary toxicity (APT) in 
up to 2–5% of the cases. APT largely depends on cumula-
tive exposure and can be reversible upon withdrawing the 
drug, highlighting the importance of detecting this side 
effect early in the clinical course.

The pulmonary vascular disease can be assessed by inva-
sive hemodynamic studies (RHC) directly measuring pulmo-
nary arterial pressures and pulmonary vascular resistance or 
by echocardiogram with Doppler studies estimating relevant 
pulmonary pressures. pHTN is most frequently caused by 
left-sided HF with chronic pressure overload, although other 
etiologies such as thromboembolic disease or primary pul-
monary vascular disease should be considered when the 
degree of pHTN is out of proportion to the underlying 
HF.  Generally, significant pulmonary dysfunction or 
advanced pHTN defined as pulmonary artery systolic pres-
sure > 50 mmHg or pulmonary vascular resistance > 3 WU 
despite vasodilator challenge during RHC are considered a 
contraindication to heart transplantation without plans for 
concurrent listing for the lungs. See Chap. 22 for further dis-
cussion of heart-lung transplantation.

Abnormal liver function is also frequently seen in HF 
population and is a predictor of adverse outcome following 
heart transplantation. The liver disease may develop from 

chronic right-sided HF with resultant pressure overload to 
the liver, toxicities from cardiovascular drugs (e.g., amioda-
rone), genetic predisposition (e.g., hemochromatosis), or 
other comorbid conditions such as chronic hepatitis infec-
tions, alcohol use disorder, or metabolic syndrome. The ini-
tial assessment of the liver includes (1) blood tests with liver 
function tests and serum markers for its synthetic function 
including albumin and international normalized ratio (INR) 
and (2) imaging studies such as ultrasound or computed 
tomography (CT) scan.  A disproportionately low albumin 
level (<2.5 g/dL) places patients at significant surgical risk 
and should prompt a workup for protein-losing enteropathy 
(PLE), a rare condition associated with right-sided HF espe-
cially in patients with congenital heart defects. If there is any 
concern for cirrhosis, a liver biopsy should be considered 
and can be performed at the same time of RHC via trans- 
jugular approach to assess the degree of liver damage. If 
there is evidence of biopsy-proven cirrhosis, transplant with 
heart alone is generally contraindicated. Alternatively in 
some cases, adequate synthetic function and minimal portal 
hypertension may allow recovery of the liver function after 
cardiac transplant. Clinical manifestations of end-stage liver 
disease, such as refractory ascites, impaired synthetic func-
tion, and the presence of varices, portend overall poor prog-
nosis and warrant consideration for concurrent listing for the 
liver transplantation.

 Assessment of Immunologic Status

Immunocompatibility is another important consideration 
when assessing patients for their transplant candidacy. Heart 
transplantation generally requires donor-recipient ABO 
blood group matching as well as human leukocyte antigen 
(HLA) histocompatibility. The recipient’s pre-existing sig-
nificant allosensitization to HLA has been associated with 
adverse outcomes including higher rates of acute rejection, 
premature graft failure, and allograft vasculopathy. Therefore, 
all transplant candidates must be screened for allosensitiza-
tion, measured by % panel reactive antibodies (PRA). 
Significant allosensitization is most likely to be present in 
females with multiple pregnancies, patients who have 
received numerous blood transfusions, and those with prior 
extensive surgeries such as implantation of MCS or complex 
congenital heart reparative surgeries. Although a high PRA 
is not a contraindication to transplantation, it is associated 
with a marked decrease in suitable donor availability. Besides 
the efforts to “virtually cross-match” those highly sensitized 
patients (calculated PRA > 50%) with potential donors, strat-
egies to reduce PRA are underway. Presently, these patients 
are often treated with plasmapheresis and/or intravenous 
immunoglobulin (IVIG) and sometimes more aggressive 
measures with immunosuppressives [20].
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 Contraindications to Heart Transplantation

Contraindications to heart transplantation besides concurrent 
end-organ failure continue to evolve, especially with advances 
in other medical therapies (e.g., development of antiviral drugs 
to treat human immunodeficiency virus (HIV) or hepatitis C 
virus (HCV)). Per 2016 ISHLT listing criteria [6], heart trans-
plantation is contraindicated when patients (1) have any severe 
systemic illness (e.g., malignancy, inflammatory condition, or 
chronic infection) that would significantly reduce expected 
life expectancy despite heart transplantation, (2) suffer from 
severe symptomatic cerebrovascular disease, (3) are engaged 
in active substance (drug or alcohol) abuse, or (4) demonstrate 
inability to comply with drug therapy (Table 16.3). Considering 
5-year post-transplant survival rates approaching 80% with a 
median survival of 11 years [21, 22], immediate identification, 
treatment, and monitoring of some of these conditions (e.g., 
substance use disorders, nonadherence) might make trans-
plantation still possible and successful.

There are a number of relative contraindications to heart 
transplant; one of the most debated and variable among 
transplant centers is the upper age limit for consideration. In 
general, patients older than 70 years are considered ineligi-

ble due to their age-related comorbidities and limitations. 
Instead, they are more often managed with high-risk repara-
tive surgery or permanent MCS implantation as DT. However, 
the recent heart transplant guidelines indicated that carefully 
selected patients aged > 70 years may be considered for heart 
transplantation. Thus, individual centers must determine 
their own age cutoff.

Extremes in weight, as measured by body mass index 
(BMI) either >  35 for severe obesity or <18 for cachexia, 
have also been shown to worsen post-transplant prognosis. 
Additionally, the presence of clinically severe symptomatic 
cerebrovascular disease, severe peripheral vascular disease 
interfering with rehabilitation potential, and poorly con-
trolled diabetes also portends worse outcome and is therefore 
considered relative contraindications. Recently, frailty, 
defined as 3 and more of 5 possible symptoms, including 
unintentional weight loss of greater than 4.5  kg (10  lbs) 
within the past year, muscle loss, fatigue, slow walking 
speed, and low levels of physical activity, has been increas-
ingly recognized as an important measure predicting poor 
outcome. Finally, psychological instability (e.g., untreated 
severe depression or anxiety) or any active or recent (within 
6  months) substance abuse (alcohol, cocaine, opioids, 
tobacco products, etc.) are also considered potential contra-
indications given the concern for inability to comply with 
complex medical therapies following heart transplantation 
leading to the risk of early graft failure. Chronic mental ill-
ness, even when adequately treated, can influence patients’ 
overall survival outcomes and therefore must be taken into 
consideration when assessing for patients’ post-transplant 
mortality risk and needed treatment and follow-up. Some of 
the parameters specifically related to nutrition and frailty can 
progress after transplant listing and therefore should be mon-
itored regularly with routine surveillance.

Besides indications and contraindications related to the 
patient’s medical conditions, adequate cognitive and psycho-
logical status, as well as psychosocial support, are consid-
ered critical in predicting better outcomes after the heart 
transplant. Detailed psychosocial evaluation for transplant 
listing is addressed in Chap. 3.

 Heart Transplant Listing

The ultimate decision on whether and when to place a patient 
on the heart transplantation waiting list is made after careful 
review of the indications and contraindications based on col-
lected data and clinical judgment by a designated selection 
committee at a transplant center. For example, the transplant 
team at Stanford is comprised of cardiac transplant surgeons, 
heart failure and post-transplant physician specialists, 

Table 16.3 Contraindications to Heart Transplantation (Stanford)

Absolute contraindications
Systemic illness with a life expectancy <5 years despite heart 
transplantation.
Irreversible pulmonary hypertension with pulmonary vascular 
resistance >3 Wood Units (WU)
Clinically severe symptomatic cerebrovascular disease
Active substance (drug or alcohol) abuse
Inability to comply with drug therapy
Multisystem disease with severe and likely irreversible extracardiac 
organ dysfunction
Relative contraindications
Age > 70 years
Extremes of the weight (i.e., body mass index >35 or < 18 kg/m2)
Diabetes mellitus with poor glycemic control (HbA1c > 7.5%) 
despite optimal effort or end-organ damage other than 
nonproliferative retinopathy
Irreversible renal dysfunction (eGFR <30 ml/min/1.73 m2)
Neoplasm (requires individualized assessment of severity, treatment 
options, and prognosis)
Infection (requires individualized assessment of severity, treatment 
options, and prognosis)
Acute pulmonary embolism (within 6–8 weeks)
Tobacco use (within 6 months)
Recent past (within 6 months) substance (drug or alcohol) abuse
Frailty
Inadequate social support or cognitive-behavioral disability that 
would prevent compliant care
Other conditions that increase the risk of perioperative 
complications or limit tolerance of immunosuppression
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 psychiatrists, social workers, dieticians, pharmacists, occu-
pational therapists, and nurses, all of whom have important 
contribution to the final decision. The team meets weekly to 
review newly presented patient cases as well as those already 
on the list and extensively discusses their eligibility for the 
heart transplant listing. If a concurrent listing of non-cardiac 
organs is considered, the relevant other transplant team(s) 
also participates in the review process. The overall heart 

transplantation evaluation and decision-making process at 
Stanford is summarized in Fig. 16.1.

Once approved for listing, active heart transplantation 
candidates are further stratified based on their medical 
urgency. According to the United Network for Organ Sharing 
(UNOS) which was established in 1984 by an Act of 
Congress to facilitate equitable organ sharing within the 
United States, the current adult heart allocation system 

NYHA class IV
ACC/AHA stage D
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VO2  £ 14 mL/kg/min

VO2 £ 12 (while on BB)

Any absolute contraindications for HTx?

• Systemic illness with <5 yrs of life expectancy

• Irreversible Pulmonary HTN

• History of severe, symptomatic CVA

• Active substance abuse

• Inability to comply with medical therapy

Continue
optimal medical &
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SHFM/HFSS Score
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Fig. 16.1 Stanford pre-heart 
transplantation algorithm. *If 
ambulatory (outpatient 
setting). Abbreviations: BB 
beta-blockade, CVA 
cerebrovascular accident, 
HFSS Heart Failure Survival 
Score, HTN hypertension, 
HTx heart transplantation, 
MCS mechanical circulatory 
support, RHC right heart 
catheterization, SHFM Seattle 
Heart Failure Model
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 stratifies active candidates into three tiers: statuses 1A, 1B, 
and 2. Candidates qualify for status 1A, if they:

• Require a continuous infusion of a single high-dose intra-
venous inotrope or multiple intravenous inotropes and 
continuous hemodynamic monitoring (usually monitored 
in the intensive care unit in a hospital)

• Are supported by a total artificial heart, an intra-aortic 
balloon pump (IABP), extracorporeal mechanical 
 oxygenation (ECMO), mechanical ventilation, or a ven-
tricular assist device (VAD) (for a 30-day discretionary 
period)

• Are implanted with a permanent MCS device and are 
experiencing a device-related complication

Exceptions on the listing priority (denoted as 1AE or 
1BE) may be granted if patients are:

• Suffering from poorly controlled life-threatening arrhyth-
mia such as VT storm; or

• NOT candidates for inotropic and/or invasive monitoring 
because of arrhythmic potential or anatomical limitations 
(e.g. the anatomy of patients with adult congenital heart 
disease may not be amenable for pulmonary artery can-
nulation for hemodynamic monitoring)

• NOT candidates for MCS support as BTT (e.g. hypertro-
phic cardiomyopathy, infiltrative/restrictive cardiomyop-
athy, primary RV failure, or complex congenital heart 
disease)

• Highly allosensitized and have very low likelihood of get-
ting an appropriate offer in a timely manner without 
prioritization

Candidates that are stable and either supported by MCS 
or continuous infusion of intravenous inotropes without 
meeting the criteria for status 1A qualify for status 
1B. Candidates that are in need of a heart transplant but do 
not meet status 1A or 1B criteria qualify for status 2. If a 
previously listed patient is temporarily unsuitable to receive 
heart transplantation (e.g., due to active infection or bleed-
ing), they would be placed on status 7 until the underlying 
cause is reversed.

Presently, due to prolonged waiting time, a greater per-
centage of heart transplantation candidates are prioritized as 
status 1A.  In 2001, only 35% of all heart transplantation 
were performed on UNOS status 1A patients, while in 2011, 
55  +  % were performed on status 1A patients. Therefore, 
ongoing efforts have been made to further risk-stratify and 
identify those at the highest level of medical urgency. There 
will likely be a move toward a new prioritization scheme in 
the near future (Table 16.4), which establishes six new medi-
cal urgency status levels based on short-term mortality risk 

without a transplant. In particular, the updated statuses pro-
vide more detailed criteria for when and how MCS treat-
ments impact on the recipient’s candidacy.

 Conclusions
Heart failure is a major public health issue affecting more 
than 26 million worldwide. The prevalence of symptom-
atic HF has continued to rise, and increasingly more 
patients survive to the advanced phase of the disease with 
an overall prognosis of 1-year mortality approaching 
50%. There is a growing need for advanced treatment 
strategies such as implantation of MCS and heart trans-
plantation, the ultimate therapy for the HF. Unfortunately, 
the ability to perform heart transplantation remains 
largely limited by donor availability. Therefore, it is 
important to carefully screen and identify optimal candi-
dates who would derive the most benefit while balancing 
an acceptable perioperative risk. To this end, all patients 

Table 16.4 2017 Revised UNOS heart allocation status (proposed)

Status Proposed criteria
1 ECMO (up to 14 days of support)

Non-dischargeable Bi-VAD or RVAD
Mechanical circulatory support with life-threatening 
ventricular arrhythmia

2 Intra-aortic balloon pump (up to 14 days of support)
Acute percutaneous endovascular circulatory support 
device (up to 14 days of support)
Ventricular tachycardia/ventricular fibrillation, mechanical 
support not required
Mechanical circulatory support with device malfunction/
mechanical failure
Total artificial heart
Dischargeable Bi-VAD or RVAD

3 LVAD for up to 30 days
Multiple inotropes or single high-dose inotropes with 
continuous hemodynamic monitoring (up to 14 days of 
support)
Mechanical circulatory support with device-related 
complications such as infection, hemolysis, or 
thromboembolism
Mechanical circulatory support with device infection
Mechanical circulatory support with thromboembolism

4 Diagnosis of congenital heart disease
Diagnosis of ischemic heart disease with intractable angina
Diagnosis of hypertrophic cardiomyopathy
Diagnosis of restrictive cardiomyopathy
Stable LVAD candidates after 30 days
Inotropes without hemodynamic monitoring
Diagnosis of amyloidosis
Re-transplant

5 Combined organ transplants
6 All remaining active transplant candidates

Abbreviations: ECMO extracorporeal membrane oxygenation, Bi-VAD 
bi-ventricular assist device, RVAD right ventricular assist device, 
LVAD left ventricular assist device
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must undergo extensive medical and psychosocial evalu-
ation as well as surveillance by a designated transplant 
selection committee to stratify overall risk and the 
urgency of transplant, examine the involvement of other 
non- cardiac organs for potential multi-organ listing, 
determine proper immunologic status, and exclude con-
traindications for transplant.
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Mental Health in Chronic and End-Stage 
Heart Disease

Yelizaveta Sher

 Introduction

Heart disease and psychiatric comorbidities have bidirec-
tional relationships. While such psychiatric comorbidities as 
depression, anxiety, and tobacco dependence increase risk of 
heart disease, patients with heart disease have increased rates 
of depression, anxiety, and cognitive dysfunction. In fact, 
heart disease is one of the original playing fields of psycho-
somatic medicine with psychosomatic medicine physicians 
and researchers exploring the links between cardiac disease 
and personality types (such as “type D,” distressed personal-
ity) [1]. Many studies have been conducted on the interplay 
between depression and heart disease, including its patho-
physiology, epidemiology, and treatments. In this chapter, 
we will explore some of this knowledge and learn how it 
applies to patients struggling with heart disease and those 
being considered or preparing for heart transplantation.

 Depression and Heart Disease

 Epidemiology

Depression and heart disease have bidirectional influence. 
Depression increases the risk for the development of cardio-
vascular disease [2]. In fact, a meta-analysis by Wulsin and 
Singal demonstrated that depression is associated with a 
60% increased risk of developing incident coronary artery 
disease (CAD) [3]. On the other hand, patients with heart 
disease have increased rates of depression as compared to 
those without heart disease. Moreover, depression in patients 
with heart disease worsens clinical outcomes and increases 
mortality [4–6].

While 17–27% of patients with heart disease have major 
depression at some point in their life, even greater numbers 
of patients experience minor depressive symptoms [7]. In 
addition, clinically significant depression is present in a 
fifth of heart failure (HF) patients, with higher incidence 
(35–70%) in hospitalized patients, as compared to outpa-
tients (10–35%) [8]. Depression worsens quality of life and 
increases risk of hospitalization in patients with heart dis-
ease and HF [6, 9–15]. When depression is chronic and 
worsening, it is the single most important driver of health-
care-related costs in patients with HF over 3  years [16]. 
Depression is a more significant contributor to decreased 
quality of life in patients with HF, than the actual measures 
of HF severity, such as left ventricular ejection fraction, 
New  York Heart Association (NYHA) functional status, 
and N-terminal prohormone of brain natriuretic peptide 
levels, which show only mild associations [6, 10].

Multiple studies have demonstrated that similar to more 
traditional risk factors for mortality (i.e., smoking, diabetes, 
and hypertension), depression increases the risk of mortality 
in patients with heart disease [17–19]. In a meta-analysis of 
20 prospective studies of patients with stable ischemic heart 
disease, history of myocardial infraction (MI), coronary 
bypass graft (CABG) surgery, or percutaneous transluminal 
coronary angioplasty, depressive symptoms were associated 
with twice as high mortality during the 2-year follow-up 
period as compared to no depressive symptoms [20]. In 
patients who have undergone CABG surgery, depression was 
associated with progression of atherosclerotic disease in the 
graft and narrowing of the graft diameter [21].

Depression can remain a poor prognosticator even many 
years after its diagnosis. In a prospective study of patients 
admitted to a cardiology service for severe HF, 30.1% of 
patients were diagnosed with clinically significant base-
line depression (i.e., Beck’s Depression Inventory 
(BDI) ≥ 10) [22]. Patients were followed for up to 12 years 
after this admission (mean 1792.3  days). While 73% of 
non-depressed patients died during this time, 80% of 
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depressed patients died during the same period (P = 0.01; 
hazard ratio (HR) 1.35; 95% confidence interval (CI) 
1.15–1.57) [22].

 Mechanisms

Several mechanisms have been proposed and studied to 
explain the increased comorbidity of depression and heart 
disease. These mechanisms include serotonergic dysfunc-
tion, systemic inflammation and immune activation, 
hypothalamic- pituitary-adrenal axis and autonomic ner-
vous system dysfunction, vascular changes, decreased heart 
rate variability, genetic changes in short allele of serotonin 
transporter gene-linked polymorphic region, and variations 
in von Willebrand factor (vWF) gene [5, 6]. In addition, 
psychosocial factors usually associated with depression, 
such as increased rates of smoking, nonadherence to medi-
cal regimens, sedentary lifestyle, and weight changes, 
including visceral fat accumulation, may exacerbate this 
connection [5]. Moreover, decreased concentrations of 
omega-3 fatty acids have been shown both in patients with 
cardiovascular disease and patients with depression [6].

 Treatment

While there is some evidence that treatment of depression 
with selective serotonin reuptake inhibitors (SSRIs) might 
increase remission rates of depression in patients with coro-
nary heart disease (CHD), these treatments have not pro-
duced an effect on reducing mortality in these patients 
[23–25]. Moreover, studies on treatment of depression with 
standard pharmacological agents in patients with HF have 
not produced consistent positive results [26–28].

 Treatment of Depression in Patients  
with Heart Disease
In the Sertraline Antidepressant Heart Attack Randomized 
Trial (SADHART), 369 patients with MI or unstable angina 
and major depressive disorder (MDD) from the United 
States, Canada, Europe, and Australia were randomized to 
receive sertraline or placebo [23]. At the end of 24 weeks, 
there was no difference in the primary end point of change 
in left ventricular function or other cardiac parameters, 
including change in QTc interval. However, sertraline was 
more effective than placebo for treatment of depression, 
especially in patients with recurrent and more severe 
depression.

In the Enhancing Recovery in Coronary Heart Disease 
Patients (ENRICHD) trial, post-MI patients with depression 
or low social support were randomized to cognitive behav-
ioral therapy (CBT) or treatment as usual [29]. Patients with 

more severe depression or not responding to CBT were also 
treated with an SSRI, in non-randomized fashion. While 
patients treated with CBT did better in terms of depression 
scores at 6 months, the difference between the groups disap-
peared by 30 months. There was also no difference in MI 
recurrence or mortality. Post-hoc analysis showed that 
patients who received SSRIs had lower rates of MI recur-
rence or mortality (HR 0.57) [30].

The Myocardial Infarction and Depression Intervention 
Trial (MIND-IT) randomized 331 patients with acute MI and 
depression to an antidepressant treatment (i.e., mirtazapine, 
citalopram) versus usual care (which included antidepressant 
for some patients) in an effectiveness trial [24]. There was no 
difference between two groups at 18  months in terms of 
depression outcomes or cardiac event rates. Medications 
were well-tolerated.

The Canadian Cardiac Randomized Evaluation of 
Antidepressant and Psychotherapy Efficacy (CREATE) ran-
domized 284 patients with stable angina and depression in 
2 × 2 factorial trial to citalopram and/or interpersonal ther-
apy (IPT) [25]. While patients on citalopram did better with 
mean Hamilton Depression Rating Scale (HAM-D) differ-
ence of 3.3 points (14.9 vs 11.6 point reduction; P = 0.05), 
IPT did not show superiority over treatment as usual. Similar 
to SADHART study [23], the subgroup analysis demon-
strated that citalopram had a significant effect on recurrent, 
and not the first episode, depression. The Escitalopram for 
DEPression in Acute Coronary Syndrome (EsDEPACS) 
study showed that escitalopram was well-tolerated and more 
effective for treatment of depression in a trial of 217 patients 
after a confirmed acute coronary syndrome, as compared to 
placebo [31].

A study of 248 patients with acute coronary artery disease 
evaluated the efficacy of bupropion for its safety and efficacy 
for smoking cessation in a 12-week, placebo-controlled trial 
[32]. Of note, patients with major depression were excluded. 
While there was no difference in smoking cessation between 
two groups, bupropion was found to be safe for cardiac 
patients with no statistically significant differences in mor-
tality, blood pressure, or cardiovascular events between the 
two groups.

Additional studies have explored non-pharmacological 
interventions. Blumenthal et  al. randomized patients with 
CHD and depression to either exercise versus sertraline ver-
sus placebo. The study found that both sertraline and exer-
cise were associated with reductions in depressive symptoms 
as compared to placebo [33]. There was also a trend toward 
improvement in heart rate variability with both active treat-
ments, with exercise having a greater effect compared to ser-
traline. A Stepwise Psychotherapy Intervention for Reducing 
Risk in Coronary Artery Disease (SPIRR-CAD) trial also 
demonstrated effectiveness of psychotherapy in patients with 
CAD [34].
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 Treatment of Depression in Patients  
with Heart Failure
While there is some evidence to support the treatment of 
depression with traditional pharmacological agents in 
patients with stable CAD or after acute coronary syndrome 
[23, 24, 31], randomized control trials (RCTs) evaluating 
SSRIs in patients with HF have not had the same success 
with treatment of depression.

Earlier small non-randomized studies have examined 
fluoxetine, paroxetine, and sertraline in patients with HF, 
demonstrating safety and improvement in depression and 
cognitive status [26]. However, larger RCTs with SSRIs have 
not been as encouraging.

In particular, the Sertraline Against Depression and Heart 
Disease in Chronic Heart Failure (SADHART-CHF), which 
included 469 patients, did not show sertraline’s effectiveness 
in decreasing depression rates or adverse cardiovascular 
clinical outcomes [27]. However, a sub-study has demon-
strated that patients whose depression remitted after 
12 weeks, regardless of whether they received sertraline or 
placebo, had indeed improved mortality. Thus, while particu-
lar depression treatment is not associated with improved 
mortality, remission of depression is.

Similarly, a German study, the Morbidity, Mortality, and 
Mood in Depressed Heart Failure Patients (MOOD-HF), on 
treatment of depression in HF patients with escitalopram, did 
not demonstrate difference in the primary outcome of death 
or rehospitalization or in-between group difference in 
depression remission at 12 weeks [28]. However, the study 
demonstrated that escitalopram was safe in patients with HF.

Given these results, studies on non-pharmacological 
interventions, such as psychotherapy and exercise, have 
taken an even greater importance in patients with HF.

A study of CBT in patients with HF, patients were ran-
domized to usual care (n = 79) versus CBT (n = 79) [35]. At 
6  months of follow-up, depression scores were lower and 
remission rates higher in the CBT group as compared to 
usual care group, with the number needed to treat between 3 
and 4. In addition, anxiety and fatigue scores were lower in 
the CBT arm, and health-related quality of life and social 
functioning were also improved. However, scores indicating 
HF self-care and physical functioning remained unchanged.

A large multicenter trial on group-based meta-cognitive 
therapy, PATHWAY Group MCT, is underway in the United 
Kingdom [36]. This trial is investigating the clinical out-
comes and cost-effectiveness of this particular modality in 
patients with depression and anxiety attending cardiac reha-
bilitation and results are expected with great interest.

Exercise has been evaluated for the treatment of depres-
sion in HF patients. The Heart Failure – A Controlled Trial 
Investigating Outcomes of Exercise Training study 
(HF-ACTION) demonstrated that aerobic exercise resulted 
in a small, but significant, reduction in depressive symptoms 

in HF patients (1.75 point reduction in BDI-II scores com-
pared with 0.98 point reduction in usual care), with even 
larger reduction in patients with clinically significant depres-
sion (2.2 point reduction versus 1.3 in the usual care group) 
[37].

Of note, loss of energy and fatigue are the most common 
symptoms that persist after treatment of depression in 
patients with heart disease. This may be significant as 
somatic symptoms of depression are correlated with 
increased morbidity and mortality in this patient population 
to a greater degree compared to cognitive symptoms [38].

Given the prevalence of heart disease and depression, and 
recognition of the association and prognostication between 
the two, it is important to establish systems to effectively 
screen cardiac patients for depression and to allow easy and 
wide access to mental health services and interventions. 
Collaborative care models have been shown to be promising 
in provision of better care for patients with heart disease, 
leading to reduction in depressive symptoms [4, 39].

 Safety of Antidepressants in Patients with Heart 
Disease and Drug-Drug Interactions
Although studies have demonstrated that antidepressants, in 
particular SSRIs, can be safely used in patients with CHD, 
clinicians should be aware about potential side effects.

One concern with certain psychotropic medications 
includes their contribution to QTc prolongation, which may 
lead to an increased risk of torsades de points, a potentially 
lethal arrhythmia. Most psychotropics have propensity to 
increase QTc with debatable translation into clinical rele-
vance and risks [40]. While tricyclic antidepressants (TCAs) 
increase the QTc interval via blockage of sodium and cal-
cium channels, SSRIs can prolong QTc via their effect on 
potassium rectifier channels [40]. Among TCAs, amitripty-
line has the largest risk of prolonging the QTc interval [40, 
41]. On the other hand, among SSRI agents, citalopram has 
the most prominent dose-dependent effect on QTc prolonga-
tion, leading the Federal Drug Administration (FDA) to issue 
warning against its use in doses higher than 40 mg per day, 
as well as caution in elderly patients [40, 41]. Citalopram’s 
cousin, escitalopram, has a lesser QTc prolongation effects, 
thus far with no warning issued by the FDA [40, 41].

Since SSRIs and serotonin-norepinephrine reuptake 
inhibitors (SNRIs) can decrease platelet aggregation, via 
inhibition of serotonin reuptake in the presynaptic neuronal 
membrane and uptake by platelets, there is a theoretical 
increased risk for bleeding when using these agents. A 
recent meta-analysis of studies on patients undergoing 
CABG found that while SSRI use was associated with an 
increased risk for the need of red blood cell transfusion 
(odds ratio (OR) = 1.15; 95% CI 1.06–1.26), there was no 
documented change in the rate of reoperation due to bleed-
ing (OR  =  1.07; 95% CI 0.66–1.74), rates of platelet 
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(OR  =  0.93; 95% CI 0.79–1.09) or fresh frozen plasma 
(OR = 0.96; 95% CI 0.74–1.24) transfusion, or the mortality 
rate (OR = 1.03; 95% CI 0.90–1.17) [42]. However, caution 
should be used in patients with low platelets or those on 
blood-thinning agents, such as aspirin, nonsteroidal anti-
inflammatory agents, and clopidogrel. Of course, in patients 
with CAD, this mechanism of SSRIs has been also postu-
lated to be therapeutic [43].

Since many cardiac medications, in particular beta- 
blockers (e.g., carvedilol, propranolol, and metoprolol) and 
antiarrhythmics, are metabolized via CYP-2D6, the use of 
antidepressant agents with potent CYP-2D6 inhibition (i.e., 
bupropion, fluoxetine, duloxetine, and paroxetine) may 
increase their levels leading to potential adverse drug-drug 
interactions and side effects (e.g., hypotension) [44]. On the 
other hand, some antidepressant medications are potent 
CYP-3A4 inhibitors (e.g., fluoxetine and fluvoxamine) 
which can cause increased levels and potential side effects 
when combined with agents that are metabolized via 
CYP-3A4 (e.g., statins). For more information, please refer 
to an excellent chapter by Shapiro in “Clinical Manual of 
Psychopharmacology in the Medically Ill” [44].

 Treatment Algorithms
When treating patients with depression and cardiac dis-
ease, non-pharmacological interventions, such as exercise 
and therapy, should be implemented whenever possible. 
When considering pharmacological treatments, sertraline 
would likely be the first choice among psychotropic 
medication- naïve patients. Other SSRIs, such as escitalo-
pram and citalopram, are good choices as well, with close 
consideration and monitoring for QTc, especially with 
citalopram. Citalopram, escitalopram, and sertraline (at 
lower doses) are also advantageous due to lack of signifi-
cant CYP interactions [44]. Second-line agents include 
mirtazapine (especially in patients with loss of appetite 
and cachexia), bupropion (in patients with low energy, 
concentration, and amotivation), and duloxetine or venla-
faxine (in patients with pain or diabetic neuropathy). 
Blood pressures should be monitored with the latter three 
agents. Nortriptyline is the third-line agent in patients with 
severe treatment-refractory depression, with close moni-
toring and follow-up [44].

 Anxiety and Heart Disease

 Epidemiology

Anxiety disorders and symptoms are common in patients 
with heart disease and HF; however, there is less literature on 
the associations, significance, and treatment of anxiety in 
cardiac patients, as compared to those of depression.

Relationship between anxiety disorders and heart disease 
is bidirectional, with anxiety contributing to the risk of heart 
disease development and heart disease increasing the odds of 
anxiety symptoms.

A variety of anxiety disorders and symptoms have been 
shown to increase the risk of heart disease. An earlier meta- 
analysis by Tully et al. evaluating different anxiety disorders 
and cardiovascular complications noted that there was a non-
significant association between generalized anxiety disorder 
(GAD) and major adverse cardiac events (MACE) with sig-
nificant effect size for outpatients (adjusted HR = 1.9; 95% 
CI 1.5–2.6; P < 0.001) [45]. This study did not find the asso-
ciations between other anxiety disorders and MACE, but 
noted significant heterogeneity between studies’ assessment 
methods. Another meta-analysis did show that individuals 
with anxiety were at increased risk for developing CHD (HR 
1.3; 95% CI 1.2–1.4; p < 0.0001) and cardiac death (HR 1.5; 
95% CI 1.1–1.9; p = 0.003) [46].

A meta-analysis of five studies by Edmonson et al. dem-
onstrated that in patients first free of CHD, presence of post- 
traumatic stress disorder (PTSD) increases the risk of 
developing incident CHD, even after controlling for fre-
quently comorbid depression (four studies: RR 1.3; 95% CI 
1.1–1.5) [47]. This association might be even stronger for 
women, although more research needs to be done on the link 
between gender and this connection [47]. Tully et  al. also 
conducted a meta-analysis of 12 studies on the association 
between panic disorder (PD) and incident CHD. The authors 
found that patients with PD had a 47% increased risk of 
developing CHD, a 36% increased risk of MI, and a 40% risk 
of MACE [48]. The associations and increased risks remained 
significant even after controlling for depression. Authors 
also noted heterogeneity between studies.

On the other hand, patients with established heart dis-
ease have increased rates of anxiety. For example, a meta-
analysis of 73 studies by Easton et al. examined prevalence 
of anxiety in HF patients [49]. A variety of tools have 
been used between different studies. The authors reported 
a pooled prevalence of 13.1% (95% CI 9.3–16.9%) for 
anxiety disorders, 28.8% (95% CI 23.3–34.3%) for prob-
able clinically significant anxiety, and 55.5% (95% CI 
48.1–62.8%) for elevated symptoms of anxiety. Different 
screening tools can produce different results. In this meta-
analysis, the Brief Symptom Scale-Anxiety scale led to 
the highest anxiety prevalence (72.3%), while the 
Generalized Anxiety Disorder-7 (GAD-7) led to the low-
est prevalence (6.3%).

As already noted above, anxiety often co-exists with 
depression in medically healthy patients and in patients with 
heart disease and HF. In fact, one study of outpatients with 
HF with NYHA status III/IV determined that one-third of 
their sample had comorbid depression and anxiety, using 
Brief Symptom Inventory-anxiety subscale for anxiety and 
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the Beck Depression Inventory-II (BDI) for depression 
 measures [50]. Depressive symptoms were predictive of anx-
iety presence with a dose-dependent effect. Thus, cardiac 
patients should be evaluated for both depression and anxiety, 
and treatments should be considered given this comorbidity.

Similar to depression, anxiety in cardiac patients may be 
associated with adverse clinical events. Anxiety may predict 
hospitalizations in patients with chronic HF [51]. Anxiety is 
also associated with increased mortality in cardiac patients, 
although this association is not as strong or robust as it is for 
depression [52].

 Treatment of Anxiety in Patients  
with Heart Disease

No pharmacological studies have been conducted specifi-
cally on treatment of anxiety in patients with heart disease. 
However, as discussed above, multiple SSRIs have been 
found to be safe in cardiac patients, and they are frequently 
used as the fist-line treatment for a variety of anxiety disor-
ders, including GAD, PD, and PTSD. Benzodiazepines are 
used for short-term episodic relief, but caution should be 
used regarding cognitive side effects and dependency risks. 
If benzodiazepines are used, lorazepam, oxazepam, or 
temazepam are the safer options, given that they do not rely 
on Phase I metabolism and thus their metabolism is not 
affected by HF [44].

CBT has been shown to decrease symptoms of anxiety in 
patients with HF [35]. In addition, mindfulness-based pro-
grams and positive psychological interventions are promis-
ing for treatment of anxiety and reduction of distress in 
cardiac patients [4]. Finally, collaborative care has been 
shown to decrease anxiety symptoms for patients with 
comorbid anxiety and CHD [4, 39].

 Severe Mental Illness in Heart Disease

 Epidemiology

Patients with severe mental illness, such as schizophrenia, 
have increased rates of cardiovascular disease for many rea-
sons [53]. First of all, the underlying psychopathology leads 
to many health behaviors contributing to the development 
and progression of heart disease: smoking, sedentary life-
style, and nonadherence to medications, clinic visits, and 
other recommendations from the team. In addition, most 
low-potency first-generation and all second-generation anti-
psychotics are known to have significant metabolic side 
effects (i.e., dyslipidemia, glucose intolerance, hypertension, 
abdominal obesity), thus significantly contributing to an 
increased risk of heart disease [44, 53, 54]. This especially 

applies to the antipsychotic agents olanzapine and clozapine. 
Patients with schizophrenia are also more likely to have 
lower socioeconomic status and decreased support systems, 
both factors limiting their access to care. These patients are 
also likely to present later to the medical care and their 
somatic symptoms be more likely dismissed as “psychoso-
matic.” Thus, they are more likely to be misdiagnosed and 
offered fewer treatment options [53]. This is represented by 
a case report of a young man with schizophrenia who was 
diagnosed with heart disease only in end-stage and was ini-
tially turned down from heart transplant [55]. Only with lob-
bying and support from his mental health team did this young 
man receive his life-saving heart transplant, and with intact 
support system and treatment of his mental illness, he did 
well for at least over 3 years of follow-up by the time of the 
publication.

Patients with schizophrenia and comorbid heart dis-
ease have significantly higher mortality and die, on aver-
age, 25 years earlier as compared to general population, 
frequently from cardiovascular disease [53, 54]. In a 
Danish nationwide cohort study, Kugathasan et  al. dem-
onstrated that patients with comorbid schizophrenia and 
MI have higher mortality at 1 and 5  years post-MI, as 
compared to schizophrenia- only controls (HR 4.50; 95% 
CI 4.36–4.64), MI-only controls (HR 3.27; 95% CI 3.0–
3.5), and individuals without schizophrenia or MI (HR 
9.9; 95% CI 8.7–11.4) [56].

Close collaboration between the medical team and mental 
health providers is especially important for such complicated 
and vulnerable patients. While traditionally patients with 
severe mental illness were excluded from transplantation, 
more recent reports have suggested that with appropriate 
support systems and treatments in place, these patients can 
do well after cardiac transplant [57].

 Treatment of Severe Mental Illness in Patients 
with Heart Disease

As discussed above, antipsychotics are associated with sig-
nificant metabolic side effects and potential QTc prolonga-
tion. Of the novel antipsychotic agents, lurasidone and 
aripiprazole appear to have the least effect on QTc prolonga-
tion [40, 58] and thus are preferred agents in patients for 
whom this is a significant concern. In addition, orthostatic 
hypotension can be a side effect of low-potency first- 
generation antipsychotics (e.g., chlorpromazine) as well as 
some second-generation antipsychotics (i.e., olanzapine, 
clozapine, and quetiapine). Finally, clozapine is associated 
with a risk of myocarditis, usually occurring early in the 
course of treatment (e.g., in the first few weeks), and cardio-
myopathy, usually occurring months to years after treatment 
initiation [44].
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Of note, antipsychotics are used as adjuvants in the manage-
ment of many other psychiatric conditions, such as delirium, 
augmentation of depression treatment, and treatment-resistant 
anxiety, and above cardiac considerations would apply to those 
applications as well.

 Cognitive Impairment in Patients  
with Heart Disease

 Epidemiology

Cognitive impairment is common, identified in up to 43% of 
patients enrolled in cohort HF studies [59]. The OR for cogni-
tive impairment in patients with HF was 1.67 (95% CI 1.15–
2.42) as compared to patients without HF in one study [59]. 
Possible etiologies contributing to this high prevalence of 
cognitive impairment include hypoperfusion and systemic 
inflammation. These high rates are concerning as patients are 
required to manage complex medical regimens, both before 
and after transplantation. Thus, it is important to identify 
cognitive impairment when present, address any contributing 
etiologies if possible, adapt education sessions to the patient’s 
particular needs, and involve their support systems.

 Treatment

Acetylcholinesterase inhibitors (ACHIs) and NMDA antago-
nists are often used to treat cognitive impairment. ACHIs are 
rarely associated with bradycardia, sick sinus rhythm, or 
QTc prolongation, which could lead to torsades de pointes 
[44, 60, 61]. Caution should be used when combining these 
agents with other QTc-prolonging medications, including 
antipsychotics and antidepressants.

 Patients with Implantable Cardioverter 
Defibrillators and Mechanical Circulatory 
Support

Certain heart disease patient populations are at even greater 
risk for stress, depression, and anxiety, given the more inva-
sive interventions their cardiac status requires. For example, 
while implantable cardioverter defibrillators (ICDs) 
decrease mortality with primary and secondary prevention 
of lethal arrhythmias (see Chap. 18 for more details), they 
can contribute to additional psychological distress in at least 
some of the patients [62, 63]. Approximately a quarter of 
patients with ICDs for secondary prevention suffer from 
depression, while 24–87% have increased symptoms of 
anxiety, and 13–35% are clinically anxious [62]. Younger 
age, female gender, and greater number of shocks may serve 

as risk factors for psychopathology [62]. Significant num-
bers of patients (7.8–15%) might develop PTSD in relation 
to ICDs and shocks delivered, whether appropriately trig-
gered or not [64, 65].

Non-pharmacological interventions have been studied for 
anxiety and depression in patients with ICDs. CBT, includ-
ing home-based CBT, as well as psychoeducational interven-
tions, have been found to be effective in the reduction of 
anxiety and depression symptoms [62].

Living with ventricular assistive devices (VADs) has its 
own emotional and psychological stressors. While perceived 
quality of life might improve and depression and anxiety 
actually lessen after VAD implantation [66–68], the emo-
tional stress continues, and patients now live with more limi-
tations and physical considerations (see Chap. 18). In fact, 
suicidal behavior manifested by medical nonadherence [69] 
and driveline disconnection [70] have been reported in 
patients with VADs. Of interest, while patients’ quality of 
life improves after VAD implantation, that of their caregivers 
does not [66]. Caregivers of patients with VADs have also 
high rates of depression and anxiety [66, 71]. It is thus 
important that individuals with VADs are taken care of within 
multidisciplinary collaborative settings where their physical 
and psychosocial needs are anticipated and swiftly addressed. 
It is also important that if patients are bridged to heart trans-
plant with a VAD, caregivers’ burnout is carefully evaluated, 
and caregivers are maximally supported.

As discussed above, patients with HF are at increased risk 
for impaired cognition, partly due to hypoxia. Thus, implan-
tation of VADs can improve cognition with better delivery of 
oxygen to brain [72, 73]. However, these patients are also at 
higher risk for cardiovascular events, in particular ischemic 
stroke and intracranial hemorrhage [74], and thus have 
increased risk for subsequent cognitive impairment (see 
Chap. 18).

 Diagnosis of Psychiatric Syndromes 
in Cardiac Patients

While depression, anxiety, and cognitive dysfunction are 
common in patients with heart disease, it is important to 
accurately ascertain whether the symptoms have a psychiat-
ric versus medical etiology [44]. Paroxysmal ventricular 
arrhythmias can present with anxiety, while pulmonary con-
gestion and orthopnea can cause sleep disturbances. Both 
hypotension and arrhythmias may reduce cerebral blood 
flow and present with symptoms of organic mental disorders 
and/or cognitive dysfunction.

In addition, many cardiac medications can have neuro-
psychiatric side effects [44]. While it has been disproven that 
beta-blockers lead to depression, they do contribute to 
depressive-like symptoms (e.g., sexual dysfunction and 
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fatigue). Alpha-adrenergic blockers can also cause sexual 
dysfunction and depressive-like symptoms [44]. Amiodarone 
can cause delirium [75, 76] and contribute to thyroid dys-
function, manifesting as mood disorders [77]. Antiarrhythmic 
agents and digoxin can lead to visual hallucinations/changes 
and delirium [77–79], while digoxin is also associated with 
depression [77]. Thus, it is important for cardiologists and 
psychiatrists to know the neuropsychiatric side effects of 
cardiac and related medications and to work collaboratively 
to disentangle patients’ presentations to provide optimal care 
and treatment.

 Effect of Pre-transplant Mental Health 
Conditions on Post-Heart Transplant 
Outcomes

Psychosocial evaluation for heart transplantation involves an 
evaluation of a patient’s understanding of and motivation for 
transplant, history of psychiatric symptoms and disorders, 
history of substance use and abuse if relevant, prior adher-
ence to treatments, and support system (see Chap. 2 for full 
description of psychosocial evaluation). Many pre-transplant 
psychosocial factors are associated with post-transplant out-
comes and success [80, 81]. The role of heart transplant men-
tal health clinicians includes identification of the psychosocial 
risk factors, so that ideally a treatment plan and needed sup-
port can be developed and implemented to strengthen 
patient’s candidacy and chance of success.

Owen et al. followed 108 heart transplant recipients for an 
average of 970  days post-transplant [81]. The authors 
reported that pre-heart transplant suicide attempts, poor 
adherence to medical recommendations, previous drug or 
alcohol rehabilitation, and depression significantly predicted 
survival post-transplant. In addition, prior suicide attempt 
was associated with a greater risk for post-transplant infec-
tion in this patient cohort.

Pre-transplant and early post-transplant depression has 
been demonstrated to increase morbidity and mortality in a 
meta-analysis of 27 studies on solid-organ transplant recipi-
ents, including 10 studies on heart transplant patients [82]. In 
fact, depression increased the relative risk (RR) of mortality 
by 65% (RR 1.65; 95% CI 1.34–2.05), while it also increased 
the risk for death-censored graft loss (RR 1.65; 95% CI 1.21–
2.26) [82]. Pre-transplant depression in heart disease patients 
is associated with increased nonadherence to medications and 
an increased rate of hospitalizations post-transplant [83].

A retrospective application of the Stanford Integrated 
Psychosocial Assessment for Transplantation (SIPAT) and 
chart review of 51 heart transplant recipients demonstrated 
that SIPAT had strong inter-rater reliability (ICC  =  0.89; 
95% CI = 0.76–0.96) in this patient population [84]. In addi-
tion, patients with “minimally acceptable/high-risk” ratings 

were more likely to miss clinic appointments after the trans-
plant as compared to patients with “excellent/good” SIPAT 
ratings (p = 0.004).

Psychosocial and mental health challenges should be 
identified early in the process of the heart transplant evalua-
tion. Connection with the mental health professionals can 
help identify psychosocial risks early and establish the rela-
tionships that will be important throughout the process of 
transplantation.

 Waiting on the Heart Transplant List

While the evaluation for heart transplantation and waiting 
on the list can give patients hope, it is also very stressful. 
While patients hope for the new life with a new heart, they 
also prepare for the real possibility of death. They experi-
ence a sense of urgency, might feel that don’t have “a real 
choice,” contemplate a lot about death, and eagerly await 
“the Call” to move on to the next stage of life [85]. As time 
progresses and functionality decreases, patients become 
more home-bound and dependent on others, and depression 
and demoralization can increase as well [86]. Support from 
cardiologists, mental health teams, and palliative care 
become ever more important. Acceptance of uncertainty, 
focusing on small goals, and relinquishing control over 
what cannot be controlled become the themes in therapy and 
life.

 Conclusions
Psychiatric disorders have bidirectional relationships 
with cardiac illness. Symptoms of depression and anxi-
ety are common in heart disease and HF patients. 
Depression, anxiety, and severe mental illness are associ-
ated with worse clinical outcomes and increased mortal-
ity in patients with heart disease. Studies have 
demonstrated some effectiveness of antidepressants for 
depression in patients with heart disease, but this has not 
translated into pharmacological treatments of depression 
leading to decreased mortality. Pharmacological treat-
ments of depression in HF patients have not demon-
strated positive effect on depression treatment in large 
RCTs, but remission of depression has been shown to 
improve survival. Therapy, exercise, and collaborative 
care are all promising treatment modalities. Knowledge 
of medical etiologies of psychiatric symptoms, neuro-
psychiatric side effects of cardiac medications, and drug-
drug interactions is important in care of these complex 
patients. Mental health professionals are crucial in their 
roles of providing support to cardiac patients, their fami-
lies, and medical teams throughout the stages of heart 
disease, heart transplant evaluation, and awaiting for  
heart transplant.
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ICDs, VADs, and Total Artificial Heart 
Implantation

Jared J. Herr

 Implantable Cardioverter-Defibrillator Use 
in Heart Failure

Ventricular arrhythmias are a common complication of 
structural heart disease and pose a considerable risk of 
mortality and morbidity for those patients who develop 
them. Patients with heart failure have a six- to nine-fold 
higher rate of sudden cardiac death (SCD) when compared 
to the general population. The presence of nonsustained 
ventricular tachycardia in patients with previous myocar-
dial infarction and left ventricular systolic dysfunction is 
associated with a 2-year mortality rate approaching 30% 
[1]. Due to this considerable risk in heart failure patients, 
medical- and device-based therapies are utilized to reduce 
risk of sudden cardiac death. Unfortunately, trial results of 
medical therapy for prevention of ventricular arrhythmia 
have shown mixed results. The Cardiac Arrhythmia 
Suppression Trial evaluated the use of the antiarrhythmic 
drugs flecainide and encainide to prevent ventricular 
arrhythmia in patients with structural heart disease. This 
trial actually showed an increased risk of mortality com-
pared to placebo with the use of these drugs [2]. Results 
like this have driven implantable cardioverter-defibrillators 
to become the treatment of choice in prevention of sudden 
cardiac death in patients with heart failure.

An implantable cardioverter-defibrillator (ICD) is a spe-
cialized pacemaker device with defibrillation capabilities for 
treating ventricular arrhythmias. ICDs are available in two 
basic forms based on implant technique, transvenous and 
subcutaneous. Transvenous devices are placed typically by 
accessing the subclavian or axillary vein and introducing 
small, flexible electrical leads directly into the heart. ICD 
leads follow the thoracic veins that course to the heart and 

directly attach to the endocardium and are connected to a 
generator placed subcutaneously near the clavicle. The 
 generator serves as a power source and a microcomputer for 
controlling the device. The intracardiac leads register electri-
cal activity within the heart to identify and treat ventricular 
arrhythmia with either pacing or electrical defibrillation. The 
subcutaneous ICD (SICD) is a novel defibrillator that is 
placed under the tissue in the chest wall and does not enter 
the central veins or the heart. These devices therefore do not 
carry the same risk to intracardiac structures such as the 
development of tricuspid regurgitation or need for lead 
extraction. However, they carry their own downsides such as 
being unable to pace the heart or provide resynchronization 
therapy. Subcutaneous ICDs have a considerably larger gen-
erator and a shorter battery life compared to transvenous 
devices [3].

Indications for use of ICDs have expanded over the years 
and now encompass strategies for both primary and second-
ary prevention of sudden cardiac death. Secondary preven-
tion refers to those patients who have survived a prior sudden 
cardiac arrest or sustained ventricular tachycardia or ven-
tricular fibrillation (VT/VF). Primary prevention refers to 
those patients who are at high risk for developing but have 
not had a cardiac arrest or sustained VT.  The American 
College of Cardiology (ACC) and the American Heart 
Association (AHA) publish joint evidence-based guidelines 
with recommendations for use of these [4].

Trials investigating secondary prevention of SCD with the 
use of ICD therapy have shown a significant risk reduction 
compared to antiarrhythmic drugs. A recent meta-analysis of 
multiple randomized, controlled trials in secondary preven-
tion showed a 50% relative risk reduction for SCD and 25% 
risk reduction in all-cause mortality [5]. The majority of 
patients who undergo ICD implant for secondary prevention 
have a history of coronary artery disease (CAD), and most 
clinical trials have had a large portion of patients (upward of 
80%) with CAD and impaired left ventricular systolic func-
tion. Patients with nonischemic cardiomyopathy, although 
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having a smaller representation in these clinical trials, have 
shown a similar or greater benefit compared to those with 
ischemic heart disease. ICD implantation is now the pre-
ferred choice of treatment for patients who have survived 
cardiac arrest based on multiple clinical trial results showing 
clinical benefit [6–9]. Current guidelines give a Class I rec-
ommendation for ICD therapy in patients who have survived 
a cardiac arrest due to ventricular fibrillation (VF) or hemo-
dynamically unstable sustained VT in the absence of com-
pletely reversible factors. ICD use is also a Class I 
recommendation in patients who have structural heart dis-
ease and spontaneous sustained VT regardless of hemody-
namic stability as well as those who have unexplained 
syncope with inducible VT or VF during electrophysiology 
study [4].

Primary prevention of SCD with ICD therapy has also 
been shown to be highly effective in reducing risk in those 
patients who have not had a prior arrest, sustained VT, or 
VF episode. Chronic ischemic heart disease in the setting 
of reduced left ventricular ejection fraction (LVEF) poses a 
significant risk for sudden death. Results from multiple tri-
als have shown a considerable reduction in risk with the use 
of ICD therapy in these patients. Clinical trials such as the 
Multicenter Automatic Defibrillator Implantation Trial I 
(MADIT-I) and MADIT-II investigated ICD use in patients 
with ischemic heart disease and LVEF less than or equal to 
30–35%. Relative risk of mortality was reduced in these 
two trials by 31% in MADIT-II and 54% in MADIT-I. The 
MADIT-I trial required the presence of nonsustained VT 
and inducible sustained VT with electrophysiology study. 
These criteria were not required in MADIT-II and may 
account for some of the differences in risk reduction [10, 
11]. The SCD- HeFT trial published in 2005 compared ICD 
therapy with amiodarone for primary prevention of SCD in 
patients with New York Heart Association (NYHA) func-
tional Class II–III heart failure and LVEF less than or equal 
to 35%. This large trial included patients who had both 
ischemic and nonischemic cardiomyopathy and showed a 
reduction in overall mortality by 23%. Overall, strong evi-
dence supports that ICD therapy for primary prevention of 
SCD in the setting of CAD and decreased LVEF reduces 
risk by 20–30%. In the SCD-HeFT patient population, rela-
tive risk reduction was similar in the nonischemic patients 
compared to ischemic, though absolute mortality was lower 
in nonischemic patients [12]. Myocardial dysfunction due 
to nonischemic etiologies can be reversible with optimal 
medical therapy for heart failure. Thus, the time depen-
dence of risk for sudden death relative to the time of diag-
nosis of cardiomyopathy is important. Studies have been 
unable to determine an optimal timeframe for observation 
with medical therapy prior to device implant. Current heart 
failure management guidelines recommend 3–6 months of 

guideline-directed medical therapy prior to implantation in 
patients with NYHA Class I–III heart failure with LVEF 
less than or equal to 35% [13].

 Cardiac Resynchronization Therapy  
in Heart Failure

Heart failure patients often develop atrioventricular and 
intraventricular conduction abnormalities, and prolonged 
QRS duration is associated with an increase in mortality. 
Conduction delays can lead to dyssynchronous ventricular 
activation and contraction leading to reductions in stroke 
volume, increased mitral regurgitation, and negative ventric-
ular remodeling. Cardiac resynchronization therapy (CRT) is 
a specialized pacing strategy targeting optimization of atrio-
ventricular (AV) and intraventricular conduction. CRT 
devices consist of three intracardiac pacing leads: right atrial, 
right ventricular, and a left ventricular lead placed through 
the coronary sinus into a cardiac vein. These devices are 
commonly coupled with an ICD function serving a dual pur-
pose. Through optimization of electrical timing in the heart, 
these devices can shorten delays in AV conduction and coor-
dinate timing of left and right ventricular contraction. CRT 
can lead to an improvement in ejection fraction, reduction in 
mitral regurgitation, and decrease in ventricular size, all of 
which are beneficial in heart failure. Data from multiple clin-
ical trials have demonstrated that CRT therapy can improve 
quality of life and NYHA functional class and increase 
6-min walk distance [14]. CRT has also been shown to 
reduce hospitalizations for heart failure and when coupled 
with ICD therapy can reduce the risk of death or heart failure 
events by over 30% [15].

However, not all patients with heart failure qualify for 
CRT, and even those who undergo placement may not 
respond to resynchronization. Those that respond to CRT 
typically show improvement in symptoms or ventricular 
function within 3–6 months after implantation. Current esti-
mates indicate that about 30% of heart failure patients will 
not respond with clinical improvement to CRT. In addition, 
CRT is only beneficial in certain patient populations, and the 
indications for placement and potential for benefit vary based 
on electrocardiographic variables. CRT has been shown to 
have the best response in patients with a QRS duration 
greater than 150 ms and a left bundle-branch block pattern 
[15]. Recognition of patient variables that guide benefit has 
recently led to limitations in the indications for the use of 
CRT. Current guidelines give CRT a Class I recommendation 
only for patients with an LVEF less than or equal to 35%, 
sinus rhythm, left bundle-branch block, QRS duration greater 
than or equal to 150 ms, and NYHA Class II to ambulatory 
IV symptoms [4].
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 Complications and Considerations 
for the Use of ICD and CRT Devices

Although there is clear benefit from ICD placement in both 
primary and secondary prevention of sudden cardiac death, 
these procedures are not without risk. Complications that 
occur during the hospitalization for implant are most often 
procedure-related. The most common early, in-hospital com-
plications are lead dislodgement or perforation (more com-
mon with left ventricular leads), pocket hematoma, 
pneumothorax, and arrhythmia. Mortality during implanta-
tion with transvenous systems varies but based on clinical 
trials is low and is generally less than 1% [16]. Pocket hema-
tomas, while they are typically small-volume bleeds, do 
carry a risk of morbidity and are associated with a 15-fold 
increased risk of pocket infection [17].

After hospital discharge, long-term complications may 
also occur. The most common events include delivery of 
inappropriate shocks, infection, lead/device malfunction, 
and pacing−/lead-related hemodynamic effects.

Inappropriate shocks are unfortunately not uncommon 
and can affect a significant number of patients. Recently, a 
large sample of ICD patients from the Netherlands was eval-
uated and showed an event rate of 7% in the first year, 13% 
within 3 years, and 18% within 5 years post implant [18]. 
Delivery of inappropriate shocks is often caused by atrial 
tachyarrhythmia such as atrial fibrillation and is associated 
with usage of antiarrhythmic drugs. ICD discharges, whether 
appropriate or not, have a significant psychological impact 
on the patient and become a source of anxiety, depression, 
and even post-traumatic stress disorder (PTSD). Frequent 
ICD shocks are consistently associated with significant emo-
tional distress and reduction in quality of life [19]. In one 
study, 7.6% of patients qualified for a PTSD diagnosis 
18 months post implantation, with pre-existing anxiety being 
a significant risk factor [20]. Another study showed PTSD 
rate of almost 15% irrespective of subcutaneous or transve-
nous type of ICD [21].

Due to the morbidity associated with ICD shocks, device 
programming methods have become available to attempt to 
limit delivery of inappropriate therapies. A recent study eval-
uating one of such methods showed a reduction in all-cause 
mortality by 55% and reduction in the risk of first inappro-
priate shock delivery by more than 79% depending using a 
high-rate therapy method [22].

Device-related infections are an increasingly common 
complication and are associated with significant morbidity. 
Infections range from superficial incisional infections that 
can occur early after implant to more severe infections of the 
leads or pocket either from direct infection or secondary 
sources. These infections can be more serious requiring pro-
longed antibiotic courses and possibly complete removal of 

the device hardware. Device extraction when necessary is 
associated with significant morbidity [23]. Cardiac hemody-
namics can also be affected by ICD function and lead place-
ment. Tricuspid regurgitation frequently can develop as the 
leads traverse the valve leaflets and frequent right ventricular 
pacing may lead to worsening of heart failure due to 
dyssynchrony.

Patient survival in heart failure is tied to multiple vari-
ables, and despite the overall strong body of evidence to sup-
port the use of ICD therapy to prevent SCD, there are still 
patients that do not benefit. There is a very limited life expec-
tancy in patients with end-stage heart failure who are not 
candidates for advanced therapies. These patients are likely 
to survive less than 6–12 months from diagnosis without the 
possibility of heart transplantation or mechanical circulatory 
support. The cause of death at this stage of disease is more 
frequently from progressive pump failure rather than from 
sudden death, and ICD implantation in this population is not 
indicated from a lack of clinical benefit. At times prognosis 
can be difficult to estimate, and careful consideration should 
be made by the treating physicians prior to implant where 
benefit is unclear [4, 13].

At the end of life, deactivation of an ICD is an important 
discussion that must be had with patients and their families. 
When patients are near death, ICD discharge is not benefi-
cial. Delivery of therapies can be associated with significant 
pain and anxiety for patients and family members as well as 
interfere with the natural dying process.

 Mechanical Circulatory Support for the  
Treatment of Advanced Heart Failure

Medical therapy for heart failure has decreased mortality, 
reduced hospitalizations, and improved quality of life for 
patients. However, despite these advances, some patients still 
progress to an advanced disease state. These patients require 
specialized interventions to improve mortality and quality of 
life such as mechanical circulatory support (MCS) or trans-
plant. Treatment of advanced heart failure with MCS is a 
rapidly growing field that has evolved substantially since its 
beginnings. As survival from cardiovascular disease 
improves and the heart failure population grows, the propor-
tion of patients that may benefit from MCS therapy expands. 
Previously, heart transplantation or palliative care were the 
only options for many with advanced heart failure. Despite a 
growing population, registry data indicates that the number 
of heart transplants has been largely unchanged over the last 
10  years [24]. As a result of this and in conjunction with 
recent developments in device technology, MCS is rap-
idly  becoming a preferred treatment option for patients 
with  advanced heart failure. The Interagency Registry for 
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Mechanically Assisted Circulatory Support (INTERMACS) 
was established in 2005 as a partnership between industry, 
the National Heart, Lung, and Blood Institute (NHLBI), and 
the Food and Drug Administration (FDA) in order to collect 
clinical data relevant to patients who undergo implantation 
of mechanical circulatory support devices. This registry part-
nership has allowed for better clinical understanding of 
patient selection, risk stratification, and outcomes as they 
relate to MCS [25].

 Ventricular Assist Devices

Mechanical circulatory support involves the use of surgically 
implanted mechanical pumps that assist or replace the failing 
ventricles by increasing cardiac output, optimizing hemody-
namics, and improving end-organ perfusion. Ventricular 
assist devices (VAD) are used as a bridge to transplant and 
bridge to recovery and for those patients who do not qualify 
for transplant but are failing medical therapy, as a permanent 
treatment known as destination therapy. There are multiple 
different types of devices available, and they are described 
by the ventricle(s) they assist and their method/configuration 
of flow. Most pumps are left ventricular assist devices 
(LVAD) and provide partial support for the heart by assisting 
the left ventricular output and hemodynamics. LVADs 
account for the majority of devices currently implanted and 
require that the right ventricle functions well enough on its 
own without independent mechanical support. Available 
LVAD devices are designed with an inflow cannula that is 
implanted into the left ventricular apex that drains blood 
from the heart, through a mechanical pump, and delivers the 
blood through an outflow graft in the ascending aorta. 
Currently, most devices utilize continuous-flow technology 
as their method of support with pump rotors configured 
either axial or centrifugal (Figs.  18.1 and 18.2). Blood is 
drawn continuously from the heart through the pump which 

in turn delivers it to the central circulation in a non-pulsatile 
manner. Early devices were external to the body; however, 
all currently available durable devices are almost completely 
implanted. The driveline is the only external portion of the 

Outflow

Axial Flow Pump

Impeller

Outflow

Inflow

Centrifugal Flow Pump

Impeller

Inflow

Fig. 18.1 Schematic representation of continuous-flow left ventricular 
assist device configurations, axial and centrifugal flow pumps. Red 
arrows indicate direction of blood flow through the impeller

Fig. 18.2 HeartMate II axial 
continuous-flow LVAD (left) 
and HeartMate 3 centrifugal 
continuous-flow LVAD 
(right). HeartMate 3 utilizes a 
fully magnetically levitated 
impeller technology, and the 
small size allows for 
intra-pericardial placement. 
(Courtesy Thoratec/Abbott)
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device which exits the patient subcutaneously through the 
abdomen and is connected to a device controller and power 
source (Fig. 18.3).

Adequate patient selection for mechanical circulatory 
support is essential to maximizing patient benefit and out-
comes. Clinical data from the INTERMACS registry has 
helped risk stratify patients based on severity of illness prior 
to implantation. INTERMACS profiles are used to describe 
illness severity and range from most severe (1 – critical car-
diogenic shock) to least (7 – advanced NYHA Class III heart 
failure) (Table 18.1). Most patients that undergo implant of 
MCS devices are INTERMACS profiles 1–3, accounting for 
81% of total implants in the registry from 2008 to 2014 with 
the majority being profile 2 and 3. Clinical outcomes are tied 
to INTERMACS profile with lowest survival and highest 
complication rates in patients with critical cardiogenic shock. 
Other important risk factors that predict poor early outcome 
post implant include older age, female sex, higher body mass 
index, prior stroke, renal failure, right ventricular dysfunc-
tion, and increased surgical complexity [26].

Publication of the RE-MATCH trial in 2001 highlighted 
the poor survival of patients with end-stage heart failure that 
do not qualify for cardiac transplantation. In this study, these 
patients had an observed 1- and 2-year survival with medical 

therapy of 23% and 8%, respectively. This trial evaluated the 
use of the HeartMate XVE (Thoratec/Abbott) implantable 
pulsatile-flow LVAD and showed a significant improvement 
in both 1- and 2-year survivals from death from any cause 
compared to medical therapy. Patients supported with an 
LVAD had an observed survival of 52% and 25% at 1 and 
2 years, respectively, which was a 48% reduction in risk of 
death in the LVAD group. Quality-of-life indexes and func-
tional capacity by NYHA functional class were also 
improved in the LVAD group at 1 year [27]. When compared 
to more recent trials and registry data, these outcomes are 
less than ideal; however, this study led to increased interest 
in MCS therapy as a viable treatment and introduced the 
concept of destination therapy. Subsequent development and 
success with the next generation in LVAD technology utiliz-
ing continuous-flow technology occurred with the introduc-
tion of the HeartMate II (Thoratec/Abbott). Patients awaiting 
cardiac transplant were initially studied, and data from the 
pivotal trial showed a 75% survival to transplant, recovery, or 
ongoing support while remaining eligible for transplant at 
6 months post implantation [28]. The subsequent post-FDA 
approval study in this population showed continued improve-
ment in patient outcomes with 90% survival at 6 months to 
transplant, recovery, or continued support [29]. This improve-
ment in outcome illustrated the change in awareness and use 
of LVAD technology coupled with improved clinical care as 
centers became more experienced in their use. Continuous- 
flow LVAD technology has also been shown to be beneficial 
in prolonging and improving quality of life in patients who 
are not candidates for heart transplantation as destination 
therapy. The HeartMate II destination therapy trial compared 
the then already FDA-approved HeartMate XVE 
 pulsatile- flow LVAD to the HeartMate II with a primary end 
point of survival free from disabling stroke and reoperation 
to repair or replace the pump at 2 years. The continuous-flow 
device performed better with an improved survival rate of 
68% and 58% at 1 and 2 years compared to 55% and 24% 

Fig. 18.3 HeartMate II LVAD implant orientation and patient periph-
erals. Percutaneous driveline exits the body and connects to device con-
troller and power source. Battery power source illustrated here. 
(Courtesy Thoratec/Abbott)

Table 18.1 Description of INTERMACS profiles, considerations for 
the timing of implantation, and frequency of implant by profile based 
on data from Kirklin et al. [26]

Profile Clinical characteristics
% of MCS 
implants Implant timing

1 Cardiogenic shock
“Crash and burn”

15 Min–hours

2 Progressive decline on 
inotropes

37.5 Hours–days

3 Stable and inotrope 
dependent

28.8 Days–weeks

4 Recurrent advanced HF, 
resting symptoms

13.7 Weeks–
months

5 Exertion intolerant 2.7 Variable
6 Exertion limited

NYHA IIIB
1.2 Variable

7 Advanced
NYHA class III

0.6 Not indicated
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with the pulsatile LVAD [30]. Paralleling the bridge to trans-
plant trial and refined experience in the management of these 
devices showed further improvement in outcomes with 1- 
and 2-year survivals of 74% and 61% in the post-FDA 
approval study [31]. Contemporary data from the 7th report 
of the INTERMACS registry indicates an overall 1-year sur-
vival of 80% in all patients supported with continuous-flow 
VADs, regardless of indication [26].

Device technology has continued to improve, and devices 
are now smaller allowing for intra-pericardial placement. 
Examples of third-generation centrifugal continuous-flow 
pumps include the FDA-approved HeartWare ventricular 
assist device (HVAD, HeartWare/Medtronic) and the FDA 
approved HeartMate 3 (Thoratec/Abbott). When compared 
to data from the INTERMACS registry in a bridge to trans-
plant population, the HVAD was non-inferior to the currently 
approved axial-flow device with approximately 90% survival 
at 6 months to transplant, recovery, or ongoing support on 
the original device [32]. Long-term support outcomes in 
non-transplant candidates with the HVAD were recently 
published, and this device was also found to be non-inferior 
to the currently available axial-flow LVAD with respect to 
the combined end point of survival free from disabling stroke 
or device removal for malfunction or failure [33].

For many patients with heart failure, treatments that 
improve quality of life are equally important as those that 
extend life. End-stage heart failure patients have a poor 
quality of life as they experience significant symptoms at 
rest or with minimal activity. Qualification for VAD 
implantation as destination therapy requires severe left 
ventricular systolic dysfunction with significant functional 
limitation or dependence on inotropic agents or temporary 
mechanical support. VADs have consistently shown 
improvements in heart failure quality-of-life measures and 
functional status. In the destination therapy trial of the 
HeartMate II, 96% of patients were NYHA Class IIIB/IV 
at baseline, and 75% improved to Class I or II within 
3  months of implant, and 80% improved to that level 
within 24  months after implant. Patients who underwent 
HeartMate II implant also showed sustained improvement 
in 6-min walk distance, doubling from baseline, within 
24 months. Distance walked averaged 372 m, which is lon-
ger than the length of four football fields [30]. Improvements 
in functional status allow patients to regain independence, 
return to activities they previously enjoyed, and maintain a 
largely normal life. In reality there are few limits that are 
put on patients in regard to activities they can participate 
in, with the exception of those that require submerging in 
water and contact sports. After recovery, and per program 
preference, patients may be able to drive and can travel on 
planes. An important aspect of the use of MCS in treating 
advanced heart failure is the ability to regain a consistently 
high quality of life.

VAD placement is a major cardiac surgery, and patients 
are often debilitated from functional limitations prior to 
implant. During the recovery period after surgery, these 
patients require rehabilitation and psychosocial support. 
Early post implant, patients are seen in clinic for frequent 
assessment, and medications are adjusted often, as their bod-
ies continue to adapt to their new physiology. Patients ini-
tially require a significant amount of help from a support 
person in managing their equipment, medications, and clinic 
visits. Program standards are variable in regard to the level of 
support necessary and length of time until complete indepen-
dence. Given the fact that the first month post discharge is a 
high-risk period, many programs would require 24-h support 
for at least a period of 30 days post discharge. Patient self- 
management involves driveline exit-site care including ster-
ile dressing changes which occur daily to weekly and 
maintenance of power supply including battery changes or 
external power sources. Patients also are required to develop 
an understanding of basic device function including alarms 
or malfunctions and how to manage them in an emergency.

As patients improve in their strength, medication regi-
mens stabilize, many patients will be able to regain their near 
complete independence in their daily living. Care provided 
by the support system during this period of change and 
recovery is essential to attaining a positive outcome.

 Total Artificial Heart: Cardiac  
Replacement Therapy

In contrast to VADs, the total artificial heart (TAH, 
SynCardia) is a cardiac replacement therapy. Placement of a 
TAH requires removal of the native ventricles and replacing 
their function with two separate pneumatically driven pumps. 
Mechanistically these pumps are different from continuous- 
flow VADs as they generate pulsatile blood flow. The artifi-
cial ventricles are placed orthotopically and contain four 
artificial mechanical heart valves [34]. TAH is available for 
use in the United States as a bridge to cardiac transplantation 
for transplant-eligible patients with biventricular heart fail-
ure who are at risk of imminent death from their disease. The 
pivotal trial for this device enrolled 81 patients and investi-
gated the rate of survival to cardiac transplant compared to 
patients of similar clinical severity who did not receive 
mechanical circulatory support while awaiting transplant. 
Survival to transplant occurred in 79% of patients who 
received the device and 46% in the control group. Overall 
1-year survival was also improved compared to controls with 
70% alive at 1 year compared to 31%. Previously, this device 
required patients to remain in the hospital while awaiting 
transplantation as the controller required to power the device 
was unable to be used outside the hospital. However, through 
recent advances in driver technology, a smaller, portable 
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device driver is now available allowing for safe hospital dis-
charge for patients while awaiting transplantation [35]. An 
important consideration in the use of this device and the sup-
port it requires is that it is a cardiac replacement therapy. 
Patients who have undergone placement of this device are 
completely dependent on its function, and in the uncommon 
event of device malfunction or failure, they are at significant 
risk. Due to this risk, the level of independence gained after 
surgical recovery in patients with the TAH is significantly 
less than that of those with an LVAD. Patients require con-
stant supervision by a caregiver when outside of the hospital, 
unlike a patient with an LVAD who may only require that 
level of supervision early in recovery. Despite this limitation, 
the mortality in patients considered for its use is significant 
enough that the overall benefit may outweigh the cost of the 
support necessary for its placement. Patient size is a consid-
eration in selection of this device, as unfortunately due to the 
size of the device itself, it may be too large for some smaller 
patients. Currently, a clinical trial for a smaller size TAH 
device is being conducted and may lead to a further expan-
sion of its potential patient population.

 Mechanical Circulatory Support-Related 
Adverse Events

Mechanical circulatory support devices can be life-saving 
for patients with advanced heart failure; however, there are 
limitations and risks to these devices. Adverse events range 
from significant to minor, and many patients will experience 
an adverse event after implant. A majority of adverse events 
occur in the early period post implantation, and the frequency 
of certain events changes over time. The most clinically sig-
nificant events that can occur include right ventricular fail-
ure, infection, bleeding, neurologic event, valvular disease, 
and pump thrombosis/hemolysis.

Right ventricular failure post-LVAD implantation is asso-
ciated with increased morbidity and mortality. The native 
right ventricle (RV) must adapt to changes in hemodynamics 
and cardiac output accompanying LVAD implant, and if it is 
unable to compensate, it may fail. This often occurs early 
and may be noticed within the first few hours after implanta-
tion and can be severe. RV failure can lead to renal and 
hepatic failure as well as low LVAD flow due to left ventricu-
lar under filling. Treatment is aimed at optimization of right- 
sided pressures and function with diuresis, inotropes, and if 
needed temporary mechanical circulatory support. Optimal 
patient selection can reduce the risk of development of RV 
failure; however, currently available risk prediction models 
are based on data from older trials with variable definitions 
of RV failure and have suboptimal predictive accuracy [36]. 
It is now recognized that RV failure may also occur late 
within several months to years after implant and is associated 

with poor outcomes. Further studies are needed to determine 
risk factors and outcomes in larger populations for the devel-
opment of late RV failure [37].

Infections post-MCS placement early post implant often 
are surgical or hospitalization related (i.e., wound or catheter- 
associated infections). Over time the rate of other infections 
increases in prevalence, most notably of the percutaneous 
driveline. Bacterial infections of the driveline can be either 
superficial at the exit site or extend more proximally along 
the course of the line. More extensive infections may ascend 
into and affect the device pocket or pump hardware. 
Infections affecting the device hardware are difficult to 
 manage and often require extraction and replacement. 
Percutaneous driveline infections are most often associated 
with trauma to the line allowing an entry point for bacteria. 
Uncomplicated driveline infections can be managed with 
antibiotics; however, more extensive infections may require 
surgical debridement or long-term suppressive antibiotic 
therapy [38, 39].

Bleeding complications post implant are not infrequent 
and are typically surgery-related early post implant, though 
mucosal sources can complicate long-term care. Estimates of 
long-term bleeding complication rates are 13–30%, occur-
ring more often with continuous-flow versus pulsatile 
devices. Cumulative bleeding risk associated with MCS is 
dependent on multiple factors. First, currently available 
devices all require systemic anticoagulation to prevent 
thrombotic events and therefore inherently increase bleeding 
tendency. All currently available MCS devices are mechani-
cal with metallic components in constant contact with and 
generating a shear force on the circulating blood. Patients 
with continuous-flow LVADs have been shown to have a 
reduction in high molecular weight von Willebrand multim-
ers that are essential in clot formation. This leads to the 
development of an acquired von Willebrand disease, and 
subsequently clot stabilization is decreased, and bleeding 
tendency is increased. Continuous-flow devices also predis-
pose to the development of arteriovenous malformations 
(AVM) typically within the gastrointestinal tract. Coupled 
with increased tendency to bleed from anticoagulation and 
acquired von Willebrand disease, patients are at increased 
risk of gastrointestinal bleeding. Despite diligent monitoring 
and care, mucosal bleeding remains a common cause of hos-
pital readmission and morbidity for these patients [40, 41].

The interface between the blood and device components 
carries a risk for development of thrombotic events such as 
stroke or pump thrombosis which can potentially lead to 
device malfunction. Neurologic events can be a devastating 
complication of MCS implant. Overall event rates are  variable 
between the available devices; and outcomes often combine 
ischemic stroke, hemorrhagic stroke, and transient ischemic 
attack (TIA). Rates are device and population specific and 
generally range from 8% to 17% with continuous-flow 
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devices to as high as 26% with the total  artificial heart [30, 32, 
34]. Initial trial data of the HeartMate II showed an event rate 
for ischemic stroke of 0.13 events per patient-year; however, 
with improved clinical management through the duration of 
the trial, a rate of 0.05 events per patient-year was observed. 
Rates of stroke appear to be higher in patients supported by 
the HVAD, and blood pressure control appears to be a signifi-
cant risk factor [33]. Hemorrhagic stroke carries the highest 
risk of mortality for patients and are related to antiplatelet and 
anticoagulant medications required by the devices. 
Hemorrhagic stroke event rates also declined through the 
duration of the HeartMate II destination therapy trial from 
0.07 events per patient-year to 0.03 [32, 34, 42]. Pump throm-
bosis and hemolysis can result from the changes in blood flow 
through the different components of the device. Pump throm-
bosis can lead to device malfunction and subsequently may 
require device exchange. Replacement of an LVAD pump in 
this setting is associated with significant morbidity and reduc-
tion in patient survival [43]. Recent data suggests that there 
has been an increase in the observed rate of pump thrombosis 
associated with the HeartMate II device. Analysis of registry 
data showed a small and progressive increase in thrombosis 
associated with the device and that early changes in markers 
of hemolysis may be a signal triggering intervention [44, 45].

Valvular heart disease may occur as a result of continuous- 
flow LVADs as well. Aortic regurgitation can develop as a 
consequence of continuous-flow and has the potential to 
cause deleterious hemodynamic effects. Presence of signifi-
cant native aortic regurgitation at the time of implant needs to 
be addressed with either valve repair, closure, or replacement. 
Development of de novo aortic regurgitation is time depen-
dent and can lead to reduced output, elevated left ventricular 
filling pressures, and symptomatic heart failure. Observational 
studies have estimated that as high as 37% of patients will 
develop at least moderate aortic regurgitation after 3 years of 
LVAD support who did not have surgical intervention at the 
time of initial implant. Non-opening of the aortic valve after 
implantation is strongly associated with development of de 
novo regurgitation. Treatment in symptomatic patients post 
implant is currently with surgical  intervention [46–49].

 Mechanical Circulatory Support at the  
End- of- Life and Advanced Care Planning

End-of-life decisions involving patients supported with MCS 
devices can often be very complex due to the nature of the 
support provided by the device. Several profiles of clinical 
course and decline to death have been described in LVAD 
patients. Some patients die rapidly very early post-surgery, 
while some others do not improve post implant and continue 
to struggle with heart failure or other organ dysfunction. 
Patients that do improve may have better quality of life 

 initially but later on develop a new life-limiting condition or 
organ failure leading to a slow decline or suddenly suffer an 
event leading to their death (e.g., hemorrhagic stroke) [50]. 
Due to these variable clinical courses, advanced care plan-
ning becomes an essential component to the informed 
decision- making process prior to MCS device implant. In 
order to fully understand goals of care and patient expecta-
tions, it is essential to discuss preferences for life-prolonging 
measures, including the possibility of device deactivation. 
These discussions optimally take place prior to implant and 
major clinical deterioration, when patients are still best able 
to express their preferences. Hospice is a commonly used 
treatment for patients with end-stage heart failure who are 
dying and do not qualify for advanced therapies. However, 
hospice appears to be less frequently used in patients who 
have undergone MCS device placement, as most of these 
patients die in the hospital due to multisystem organ failure, 
hemorrhagic stroke, or progressive heart failure [51]. 
Decision aids have been developed to attempt to best provide 
support for end-of-life decision-making. Proactive use of 
palliative care consultation has been shown to help patients 
in their decision-making [52, 53]. Overall, the decision to 
pursue MCS device placement, particularly for destination 
therapy, must take into consideration the psychosocial 
aspects involved in the care of the patient after implant as 
well as in the event of a life-limiting complication.

 Conclusions
Device therapy for heart failure has evolved significantly 
over the years and now encompasses a range of potential 
treatments. ICDs and CRT have been able to reduce risk 
of sudden cardiac death and improve quality of life and 
functional status for patients. Mechanical circulatory sup-
port has provided treatment options for many who previ-
ously had none or were only limited. MCS devices can 
provide patients time to await transplantation or improve 
survival and quality of life of those who do not qualify for 
it. Despite the risks involved, MCS has changed the face 
of treatment of advanced heart failure. Overall, device 
therapy is a rapidly changing field, and continued 
advancements in technology will lead to the introduction 
of further novel treatments for heart failure.
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History of Heart Transplantation

Sharon A. Hunt

While very early surgical reports documented the feasibility 
and safety of creating vascular anastomoses and transplanting 
solid organs in animal models [1], excision of a normal heart 
and its implantation in a recipient necessarily involve dener-
vating the donor heart. The clinical field of heart transplanta-
tion could not exist until it was proven that a denervated heart 
could provide adequate circulatory support to allow normal 
physical activity in a heart recipient. Documentation of such 
physiology was first published in the early 1960s by the surgi-
cal pioneers in the field Drs. Norman Shumway and Richard 
Lower working in their research laboratory at Stanford 
University. They used the canine model and measured quite 
normal physiologic function in dogs with transplanted dener-
vated hearts. Their surgical procedure was fairly simple and 
involved midatrial excision of both the left and right atria and 
of the great vessels just above their semilunar valves. This pro-
cedure was performed on both the donor and the recipient dog, 
and the donor heart was implanted into the recipient in the 
orthotopic position using the same suture lines. The recipient 
dogs subsequently had standard measurements of hemody-
namics which were shown to be normal at rest and with exer-
cise [2]. Such dogs were then seen to run and play normally 
for weeks, much to the satisfaction of the laboratory staff.

Simultaneous with this pioneering work, the field of kid-
ney transplantation was beginning to flourish and to demon-
strate the effectiveness of pharmacologic suppression of the 
immune system (then with azathioprine and prednisone) to 
prevent what was otherwise the inevitable rejection of non-
human leukocyte antigen (HLA)-identical donor organs. 
These two converging developments set the stage for the 
introduction of clinical heart transplantation. At Stanford, an 
appropriate recipient with end-stage heart disease was iden-
tified by the surgical team and awaited the availability of a 

compatible donor heart from a brain dead individual. Much 
to the surprise of the team (and the world), the first clinical 
heart transplant was actually announced to have been per-
formed in South Africa by Dr. Christian Barnard on 
December 3, 1967. Dr. Barnard was a heart surgeon who had 
observed several of the canine procedures which were done 
by Dr. Lower, who was then at Virginia Commonwealth 
University. Louis Washkansky, the recipient, lived for 18 
days after the groundbreaking surgery. Stanford found an 
appropriate donor for their patient a month later and per-
formed the first heart transplant in the United States on 
January 6, 1968. Mike Kasperak, who had had a massive 
heart attack, lived for 15 days after the transplant. Although 
he regained consciousness, was able to communicate with 
his wife post-transplant, and provided hope for recovery, in 
retrospect, his other organs were too sick, and he died of 
severe hemorrhage and multisystem organ failure.

Subsequent to these two very well-publicized procedures, 
many cardiac surgical teams were excited and quickly started 
heart transplant programs. There were 101 heart transplants 
performed worldwide in the calendar year 1968. The out-
comes were abysmal, however, with survival rates measured 
in weeks or months, and the procedure became quite conten-
tious, and ultimately an unofficial moratorium on clinical 
heart transplantation was accepted in 1970. The one program 
that did not follow this moratorium was Stanford, and the 
group continued clinical activities virtually alone during the 
next decade, tackling the problems that limited survival 
rates. Many small incremental improvements occurred in the 
field of solid-organ transplantation over that decade, but the 
signal contributions of the Stanford team included introduc-
ing the use of the endomyocardial biopsy to definitively 
diagnose rejection and document the effectiveness of its 
treatment and the demonstration of safe cold ischemic donor 
heart times to permit distant heart procurement. During that 
decade a definition of donor brain death was also accepted 
societally and legally, the need for which had not previously 
been recognized [3].
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Prior to the introduction of the endomyocardial biopsy, 
the diagnosis of heart rejection was made by careful 
 observation of the recipient developing heart failure signs 
and symptoms and a drop in the total amplitude of QRS com-
plexes on the surface EKG, reflecting edema and inflamma-
tion of the graft. Both of these findings of rejection were well 
documented in the canine model but were unfortunately late 
developments in the clinical course. In 1973, Dr. Phillip 
Caves, a cardiac surgical resident on leave from the United 
Kingdom at Stanford, took an older Japanese bioptome 
instrument and modified it to allow access to the apex of the 
right ventricle in order to snip off and retrieve myocardial 
specimens to analyze for rejection. The instrument was 
inserted percutaneously into the right internal jugular vein 
and advanced under fluoroscopic guidance across the tricus-
pid valve and into the right ventricle. It proved to be safe and 
simple to perform, able to be performed repeatedly, and pro-
ductive of very useful tissue for analysis [4]. A pathological 
system and scale for reproducibly grading rejection were 
developed at Stanford by Dr. Margaret Billingham. The sys-
tem has undergone a variety of iterations and now stands as 
the international standard for grading heart rejection [5].

The initial need to have the donor patient in an adjoining 
operating room usually required transport of a brain dead 
individual to the transplant center and, understandably, posed 
a major limitation on the clinical expansion of heart trans-
plantation. In the laboratory, both Lower and Shumway dem-
onstrated that a donor heart could be preserved in iced saline 
for periods up to 3 hours and then implanted and have nor-
mal physiologic function [6]. The safety of such preservation 
opened the way for distant heart procurement at centers other 
than the transplant center which, ever since, has been the 
major means of procuring donor hearts.

The (then) new immunosuppressive agent cyclosporine 
was introduced into the field of renal transplantation in the 
1970s and proved to be a major improvement over the older 
agents. In 1980, it was introduced to heart transplantation at 
Stanford with similar major improvement in outcomes [7] 
and helped rekindle interest in the field in the medical com-
munity. Subsequently, increasing numbers of centers 
restarted heart transplant programs, and increasing numbers 
of procedures were performed. In 1982, the International 
Society for Heart Transplantation was formed and started a 

Registry of such procedures and their outcomes. The Registry 
remains robust and continues activity to this day and reports 
results to the public annually. It currently includes data on 
over 118,000 recipient patients.

The burgeoning number of patients over these years has 
led to a need for clinicians trained to provide them with 
highly specialized care. In the year 2010, the American 
Board of Internal Medicine approved the field of Advanced 
Heart Failure and Transplant Cardiology as a distinct subspe-
cialty, and certifying exams are now given every 2 years. It is 
a subspecialty which allows clinicians the opportunity to 
deal with the medical issues that these patients develop as 
well as the psychological issues involved in their return (usu-
ally from the brink of death) to a functional lifestyle, able to 
exercise and study and travel and have families. Although the 
return to normalcy is wonderful, the interactions with family, 
friends, and employers can be most challenging and are the 
subject of this book.

Since the donor supply is clearly finite and will not likely 
increase in the future, we now look forward to the continued 
“evolution” of the field of mechanical circulatory support to 
eventually provide not only durable but also safe non-biolog-
ical replacement of the heart.
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Medical Course and Complications After 
Heart Transplantation

Ranjan Ray and Michael Pham

 Introduction

Quality of life and prognosis for many patients with end- stage 
heart failure remain suboptimal despite recent advances in 
medical and device therapy. For these patients, cardiac trans-
plantation and durable mechanical circulatory support (see 
Chap. 18) have become standard of care. These interventions 
provide mortality benefit and improve quality of life in care-
fully selected patients. Cardiac transplant is the preferred 
treatment of choice; however, the number of transplant proce-
dures is limited by donor availability and has remained stable 
over the last 20 years [1]. Annually, there are approximately 
4700 heart transplant procedures performed worldwide [1].

 Indications for Heart Transplantation

Cardiac transplantation is indicated for patients with end- 
stage heart failure who experience severe functional limita-
tions and heart failure symptoms that are refractory to 
management with medications, electrophysiologic device 
therapy such as cardiac resynchronization, or conventional 
surgical interventions. The most common indications for 
adult heart transplantation are nonischemic cardiomyopathy 
and coronary artery disease [1]. Please see Chap. 16 for more 
details on indications and contraindications.

 Heart Transplant Surgery

Lower and Shumway originally described the biatrial surgi-
cal technique for orthotopic heart transplantation in 1960 [2]. 
In this procedure, both the donor and recipient hearts are 
removed by transecting the atria at the midatrial level, leav-

ing the multiple pulmonary venous connections to the left 
atrium intact in the posterior wall of the left atrium, and then 
transecting the aorta and pulmonary artery just above their 
respective semilunar valves.

The donor heart is explanted by a surgical team at a hospital, 
typically remote from the transplant center. The heart procure-
ment procedure needs to be coordinated with the requirements 
of the surgical teams procuring other organs for transplanta-
tion. The donor heart is first arrested with cardioplegic solution. 
It is then placed in a secure container and transported to the 
transplant center. Ischemic times average from 3 to 4 hours.

Implantation of the heart in the orthotopic position begins 
with reanastomosis at the midatrial level, beginning with the 
atrial septum (Fig. 20.1). Efforts are made to include a gener-
ous cuff of donor right atrium so that the sinoatrial node will 
be included. The great vessels are connected just above the 
semilunar valves. More recently, the bicaval technique 
(Fig. 20.2), a modification of the biatrial technique, has been 
utilized. This technique leaves the donor atria intact and makes 
the anastomoses at the level of the superior and inferior vena 
cava and pulmonary veins [3]. This results in less distortion of 
atrioventricular geometry, resulting in improved atrial and 
ventricular function, less AV valve regurgitation, decreased 
incidence of atrial arrhythmias, and decreased incidence of 
donor sinus node dysfunction and heart block [4–6].

Immediate postoperative care for the transplant patient is 
very similar to routine post-cardiac surgery management with 
the additional component of immunosuppression and the 
need for chronotropic support of the donor sinoatrial node for 
the first 2–3 postoperative days. Uncomplicated patients are 
discharged from the hospital within 2 weeks post-transplant. 

 Post-transplant Outcomes

Volume and outcomes data of thoracic organ transplantation 
are provided yearly  by the Registry of the International 
Society for Heart and Lung Transplantation (ISHLT). Since 
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1994, the Registry has been administered by the US donor 
allocation organization, the United Network for Organ 
Sharing (UNOS), that includes data from US programs as 
well as non-US programs. The most recent Registry report 
includes data on over 100,000 heart transplants performed 
worldwide since 1982 and documents overall patient sur-

vival rates of 85%, 79%, and 74%, at 1 year, 3 years, and 
5 years, respectively (Fig. 20.3) [1]. There is an initial steep 
fall in survival during the first 6 months, followed by a linear 
attrition rate of 3–4% per year to a survival of approximately 
50% at 10 years. The major causes of death during the first 
30  days post-transplant are primarily  due to graft failure, 

Fig. 20.1 Original biatrial 
technique for orthotopic heart 
transplantation. The left panel 
shows the completed recipient 
cardiectomy with the recipient 
atria transected at the 
midatrial level. The right 
panel shows the completed 
reanastomosis of the donor 
heart. (Used with permission)

Fig. 20.2 Bicaval technique 
for orthotopic heart 
transplantation. The left panel 
shows the completed recipient 
cardiectomy. The recipient 
atria are completely removed 
except for a cuff of tissue 
around the pulmonary vein 
orifices. The superior and 
inferior venae cavae are 
transected at their junction 
with the right atrium. The 
right panel shows the 
completed anastomoses of the 
donor heart at the level of the 
superior and inferior venae 
cava and pulmonary veins. 
(Used with permission)
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multi-organ failure, and infection. Within the first year, 
infection accounts for the leading cause of death, followed 
by graft failure and acute rejection. The majority of 
deaths after 5 years are primarily due to cardiac allograft vas-
culopathy and malignancy [1].

 Quality of Life After Heart Transplantation

Although heart transplant patients require long-term immu-
nosuppression, are exposed to long-term toxicities of these 
drug regimens, and are committed to ongoing long term 
medical follow-up, a majority of transplant patients experi-
ence improvement in their quality of life and level of well- 
being after transplantation [7–9]. 

 Unique Physiologic Characteristics 
of the Transplanted Heart

At the time of transplant surgery, the transplanted heart is 
completely denervated. The  donor sinus node function 
will usually recover within the first 2–3 postoperative days. 
The denervated donor heart typically maintains a faster rest-
ing heart rate (usually between 95 and 110 beats per minute) 
due to the intrinsic fast heart rate of the sinus node and 
absence of the counter-regulatory effects of the parasympa-
thetic nervous system. Cardiac denervation has several 
important clinical manifestations. First, the cardiac allograft 
will be slower to increase its heart rate in response to exer-
cise and will exhibit a slower heart rate recovery. At the onset 
of exercise, an increase in venous return results in an increase 
in stroke volume in accordance with the Frank-Starling prin-

ciple, in which increased stretch or tension on cardiac mus-
cle results in an increased force of contraction. Later in 
exercise, circulating peripheral catecholamines provide 
chronotropic support. Second, many heart transplant patients 
will not experience angina with ischemia of the cardiac 
allograft and present instead with congestive heart failure, 
silent myocardial infarction, or sudden death. Reinnervation 
of the cardiac allograft is thought to occur after the first year, 
but the timing and degree of reinnervation are highly vari-
able and not well understood. Despite cardiac denervation, 
most heart transplant patients report minimal functional 
limitations. 

 Immunosuppression

Post-transplant immunosuppression regimens are based on a 
set of general principles and combine several agents concur-
rently. First, the highest risk for graft rejection and immune 
reactivity is during the first 3–6 months after transplantation 
with subsequent decrease over time. Therefore, the highest 
levels of immunosuppression are utilized immediately after 
surgery. The levels are gradually decreased over the first year 
until the lowest maintenance levels of immunosuppression 
that are compatible with preventing graft rejection and mini-
mizing drug toxicities are achieved. Second, a preferred 
strategy is the one using low doses of several drugs without 
overlapping toxicities in preference to higher (and more 
toxic) doses of fewer drugs whenever feasible. Third, it is 
important to achieve the correct balance between over- and 
under-immunosuppression as too much immunosuppression 
can lead to a number of undesirable effects such as suscepti-
bility to infection and malignancy.
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Fig. 20.3 Actuarial survival 
for adult and pediatric heart 
transplants patients performed 
between January 1982 and 
June 2014. The half-life is the 
time at which 50% of those 
transplanted remain alive, and 
the conditional half-life is the 
time to 50% survival for those 
recipients surviving the 
first-year post-transplantation. 
(From Lund et al. [1]. Used 
with permission)
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 Induction Therapy

Approximately 50% of transplant programs utilize a strategy 
of augmented immunosuppression, or “induction” therapy, 
with antilymphocyte antibodies during the early postopera-
tive period. The goal of induction therapy is to provide 
intense immunosuppression during a time when the risk of 
allograft rejection is highest. Additionally, induction therapy 
allows delayed initiation of nephrotoxic immunosuppressive 
drugs in patients with compromised renal function following 
surgery. Available agents for induction therapy include T-cell 
cytolytic agents such as polyclonal antithymocyte antibodies 
and anti-interleukin-2 (IL-2) receptor antagonists such as 
daclizumab or basiliximab.

 Maintenance Therapy

Maintenance immunosuppression protocols typically consist 
of a three-drug regimen including a calcineurin inhibitor 
(cyclosporine or tacrolimus), an antimetabolite agent (myco-
phenolate mofetil or azathioprine), and tapering doses of 
corticosteroids over the first-year post-transplantation.

Calcineurin inhibitors (CNIs) act by inhibiting calcineu-
rin, a phosphatase that is involved in the transcription of 
cytokines such as IL-2, TNF-alpha, granulocyte-macrophage 
colony-stimulating factor, and interferon gamma, thereby 
decreasing T-lymphocyte activation and proliferation in 
response to alloantigens. Both cyclosporine and tacrolimus 
are extremely effective and have comparable post-transplant 
survival. However, clinical trial data suggests that tacrolimus- 
based immunosuppression may decrease rates of acute rejec-
tion as compared with cyclosporine-based regimens [10, 11]. 
Additionally, cyclosporine and tacrolimus have different side 
effect profiles. Higher incidences of hypertension and dys-
lipidemia are associated with cyclosporine and more new- 
onset insulin-requiring diabetes with tacrolimus [12, 13].

The antimetabolites exert their immunosuppressive effects 
by blocking purine synthesis and inhibiting proliferation of 
both T and B lymphocytes. Mycophenolate mofetil (Cellcept) 
is associated with a significant reduction both in mortality and 
in the incidence of treatable rejection at 1 year when com-
pared to azathioprine (Imuran) [14]. Thus, Mycophenolate 
mofetil has become the preferred antimetabolite agent.

The proliferation signal inhibitors, or mammalian target 
of rapamycin (mTOR) inhibitors, consist of two agents, siro-
limus and everolimus. These drugs have been used in selected 
patients with renal insufficiency, cardiac allograft vasculopa-
thy, or malignancies, in order to reverse or slow progression 
of these conditions. Their mechanism of action is through 
inhibition of proliferation of human T cells, B cells, and vas-
cular smooth muscle cells in response to growth factor and 
cytokine signals.

Corticosteroids are non-specific anti-inflammatory agents 
that interfere with multiple steps in immune activation, 
including antigen presentation, cytokine production, and 
proliferation of lymphocytes. Steroids are highly effective 
for the prevention and treatment of acute rejection. However, 
long-term use is associated with several adverse side effects 
such as new-onset or worsening diabetes mellitus, hyperlip-
idemia, hypertension, fluid retention, myopathy, osteoporo-
sis, and a predisposition toward opportunistic infections. 
Therefore, most immunosuppression regimens utilize corti-
costeroids at higher doses in the early postoperative period 
with a gradual taper to lower doses or discontinuation after 
the first 6–12 months post-transplant.

 Complications of Immunosuppression

Hypertension, hyperlipidemia, and the development of 
post-transplant diabetes mellitus are among the most com-
mon metabolic complications associated with calcineurin 
inhibitors. Renal dysfunction occurs in up to one third of 
individuals and is related to the direct effects of the CNIs 
on the kidney tubules and from CNI-mediated vasocon-
striction of the afferent arteriole, leading to decreased kid-
ney perfusion. Due to their immunosuppressed state, in 
addition to experiencing drug- and class-specific toxicities, 
heart transplant patients have a higher risk of developing 
opportunistic infections and malignancies compared to the 
general population.

 Infection

Infection is the major cause of death during the first postop-
erative year and remains a risk throughout the life of a chron-
ically immunosuppressed patient. Infections in the first 
postoperative month are commonly bacterial and typically 
related to indwelling catheters and wound infections. These 
infections typically present in the form of pneumonias, uri-
nary tract infections, sternal wound infections and mediasti-
nitis, and bacteremia. Late infections (those occurring 
2 months to 1 year post-transplant) are more diverse. In addi-
tion to typical pathogens, transplant patients are susceptible 
to viruses (particularly Cytomegalovirus), fungi (Aspergillus, 
Candida, and Pneumocystis), Mycobacterium, Nocardia, 
and Toxoplasma. Infection surveillance is mainly clinical, 
but routine surveillance chest radiography often detects 
infections, especially fungal and mycobacterial pulmonary 
infections that may be at an early and asymptomatic stage. 
Experience in recognizing common clinical presentations of 
these infections and an aggressive approach to obtain a spe-
cific diagnosis is crucial to effective management of infec-
tious complications in transplant patients. 
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 Malignancy

Solid-organ transplant recipients have an increased lifetime 
risk of cancer over the general population due to their chronic 
immunosuppressed state [1]. The risk of neoplasm correlates 
to the intensity and duration of immunosuppression. In heart 
transplant recipients surviving to 5 years, malignancies are 
the second most common cause of death, after cardiac 
allograft vasculopathy and graft failure. Skin cancers 
accounted for the majority (67%) of malignancies reported, 
followed by lymphomas (9%) [1]. The incidence of prostate, 
lung, bladder, breast, cervical, and colon cancers are similar 
in frequency as observed in the general population; however, 
these cancers may behave more aggressively in an immuno-
compromised patient. Age-appropriate cancer screening, 
including dermatologic examination, screening colonoscopy 
for patients over the age of 50, mammography and 
Papanicolaou testing for women, and prostate-specific anti-
gen (PSA) level measurements for men over the age of 40, 
should be undertaken according to published guidelines [14].

The most common non-cutaneous malignancies in organ 
transplant recipients are a heterogeneous group of lympho-
proliferative malignancies collectively known as post-
transplant lymphoproliferative disorder (PTLD). There is 
convincing evidence that most cases of PTLD are related to 
infection (either primary or reactivation) with the Epstein- 
Barr virus (EBV) [15, 16]. They frequently present as 
localized or disseminated B-cell proliferations, tend to 
occur in unusual, extranodal locations, and resemble clas-
sic nodal malignant lymphomas such as large-cell lym-
phoma and Burkitt lymphoma. Treatment involves 
reduction of immunosuppression, administration of stan-
dard chemotherapy, and use of the anti-CD20 monoclonal 
antibody rituximab [17, 18]. PTLDs are usually quite 
radiosensitive, and both radiotherapy and surgical resection 
can play a major role in therapy when the disease is local-
ized to a single lesion.

 Rejection

 Classification

Cardiac allograft rejection is classified as hyperacute, acute 
cellular, acute antibody-mediated (humoral), or chronic. 
Hyperacute rejection is rare but can occur in the setting of 
circulating preformed antibodies to the ABO blood group (in 
cases of ABO blood group incompatibility) or to major his-
tocompatibility antigens in the donor. Potential risk factors 
include presensitization following multiple blood transfu-
sions, multiparity, and previous organ grafts [19]. Hyperacute 
rejection manifests as severe graft failure within the first few 
minutes to hours after transplantation. Without inotropic and 

mechanical circulatory support, plasmapheresis, and emer-
gent retransplantation, the recipient usually does not survive.

Acute cellular rejection (ACR) is the most common form 
of allograft rejection and occurs in 30–50% of heart trans-
plant recipients in the first year following transplantation 
[20]. Most episodes of ACR occur within the first 3–6 months. 
Acute cellular rejection is primarily mediated by 
T-lymphocytes and is identified by examining histologic 
findings in surveillance endomyocardial biopsy (EMB) sam-
ples obtained from the right ventricle. The principal histo-
pathologic features are the distribution and extent of 
inflammation and the presence or absence of myocyte dam-
age. The severity of the rejection process reflects these fea-
tures along a morphologic continuum. Biopsies are classified 
as 1R (mild), 2R (moderate), or 3R (severe)  in accordance 
with a standardized ISHLT grading scheme [21].

Antibody-mediated rejection (AMR) is  a B lymphocyte 
mediated process that  is characterized by immunoglobulin 
deposition on the cardiac allograft microvasculature, comple-
ment activation, and graft dysfunction. It is more likely to be 
associated with hemodynamic instability compared with 
ACR, carries a worse prognosis, and is a strong risk factor for 
the early development of cardiac allograft vasculopathy [22, 
23]. The prevalence of AMR has been reported to be between 
15% and 20%, and it can occur independently of or in combi-
nation with cellular rejection [24]. More recently, diagnostic 
criteria for AMR have been suggested and include a combina-
tion of clinical, histologic, and immunopathologic findings, 
in addition to demonstration of circulating donor- specific 
antibodies in the serum [25, 26]. Risk factors for AMR 
include a history of pre-transplant sensitization to HLA anti-
gens, positive pre-transplant cytotoxicity crossmatch, female 
gender, cytomegalovirus seropositivity, multiparity, retrans-
plantation, and a previous history of AMR [22, 27].

Chronic rejection can occur months to years after trans-
plantation and manifests as cardiac allograft vasculopathy 
and late graft failure. The mechanisms of chronic rejection is 
thought to involve a proliferative response to both immuno-
logically and non-immunologically mediated endothelial 
injury with progressive intimal thickening within the coro-
nary vessels.

 Diagnosis of Rejection

The signs and symptoms of rejection are often non-specific 
and may only be clinically evident in the late stages of rejec-
tion. Common signs and symptoms are fatigue, low-grade 
fevers, heart failure  symptoms, or hypotension. Rejection 
can occasionally present in the form of atrial arrhythmias 
or new pericardial effusions. Physical exam findings  of 
heart failure such as elevated jugular venous pressure or a 
new gallop would be of concern. Most patients with acute 
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rejection are asymptomatic and have no clinical findings of 
allograft dysfunction. Close surveillance of heart transplant 
recipients for acute rejection is critical. Patients are typi-
cally monitored for rejection using a combination of clini-
cal assessment, imaging, and/or quantification of allograft 
function (echocardiography or right heart catheterization), in 
addition to surveillance EMB.

 The endomyocardial biopsy is the gold standard for the 
diagnosis of acute allograft rejection. It is performed via the 
right internal jugular vein or femoral vein by introducing a 
bioptome into the right ventricle and obtaining three to five 
pieces of endomyocardium, typically from the right ventric-
ular septum. More recently, the use of a blood test (AlloMap) 
based upon gene expression profiling of peripheral leuko-
cytes has provided as a noninvasive option of monitoring for 
allograft rejection in clinically stable patients. The test uses 
real-time PCR to measure the expression of certain genes 
involved in immune activation and trafficking. In a multi-
center observational study, the test was able to accurately 
detect the absence of moderate to severe cellular rejection 
and thus identify a state of “quiescence” in the allograft [28]. 
The IMAGE clinical trial evaluated the clinical outcomes 
associated with use of this test as part of a noninvasive strat-
egy for rejection surveillance [29].

Protocols for the timing of rejection surveillance gener-
ally are chosen to match the observed frequency of rejection 
episodes, which is highest in the early postoperative period. 
Most programs perform surveillance biopsies on a weekly 
basis for the first 4–6 postoperative weeks and then with 
diminishing frequency in a stable patient but at a minimum 
of every 3 months for the first postoperative year. The need 
for continued surveillance biopsies after the first year in clin-
ically stable patients has been debated [30, 31], and many 
centers continue to perform them on an every 4–6 months 
schedule during years 2–5 following transplantation [32].

 Treatment of Acute Rejection

Rejection episodes are typically treated with augmentation 
of immunosuppression, the intensity of which is matched to 
the severity of the episode. Mild cellular rejection (Grade 
1R) without associated hemodynamic compromise (defined 
as a decrease in left ventricular systolic function, decrease 
in cardiac output, or signs of hypoperfusion) does not typi-
cally require treatment. Moderate to severe cellular rejection 
(Grades 2R and 3R) is treated with high-dose intravenous 
methylprednisolone with or without cytolytic antibody ther-
apy in the form of polyclonal antithymocyte globulin [33]. 
Antibody mediated rejection is treated with a combination 
of high-dose corticosteroids, plasmapheresis, intravenous 
immunoglobulin, cytolytic agents, and/or adjuvant therapy 
with the anti-CD20 monoclonal antibody rituximab [34–36]. 

Several strategies are employed as adjunctive therapy for 
repetitive or recalcitrant rejection episodes. They include the 
use of two modalities with proven efficacy in therapy for auto-
immune disease: total lymphoid irradiation and low- dose 
methotrexate. Both have been shown to be of benefit in patients 
with frequent or difficult-to-treat cardiac allograft rejection 
[37–40]. If the aforementioned strategies are not successful 
and there is persistent severe graft dysfunction, then retrans-
plantation is the only remaining option and is offered by some 
centers. However, the results of retransplantation in this set-
ting are poor with significantly decreased survival at 1 year 
compared (30–40%) to patients undergoing retransplantation 
for cardiac allograft vasculopathy (80–90%) [41, 42].

 Cardiac Allograft Vasculopathy

Cardiac allograft vasculopathy (CAV) is detected by coro-
nary angiography and is a major cause of late graft failure 
and death in heart transplant patients. The incidence of CAV 
in heart transplant patients is approximately 10% by the first 
postoperative year and 30–50% by 5 years postoperatively 
[1]. Despite advances in immunosuppression and surveil-
lance protocols, the incidence of CAV has not significantly 
decreased, and its development continues to limit long-term 
survival in patients undergoing cardiac transplantation.

 Morphologic Features

In CAV, the major epicardial vessels, their branches, and 
often the intramyocardial divisions display uniform, diffuse 
involvement extending along their entire length (Fig. 20.4). 
The asymmetric and calcified plaques or lesions composed 
of cholesterol that are characteristic of conventional athero-
sclerosis are not found in uncomplicated lesions of vessels 
affected by transplant vasculopathy [43].

 Diagnosis

Due to a persistent state of both afferent and efferent cardiac 
denervation, most heart transplant patients do not experience 
the subjective sensation of angina pectoris. Clinical presen-
tations of ischemia in this patient population are typically 
related to the sequelae of allograft ischemia, including 
arrhythmias, myocardial infarction, and either systolic or 
diastolic heart failure. Some cardiac transplant recipients do 
have physiologic evidence of reinnervation [44, 45] and may 
experience angina pectoris [46].

Surveillance testing is typically performed with coronary 
angiography, but the diffuse and concentric nature of the dis-
ease process makes diagnosis challenging. Consequently, it 
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is easy to underestimate the severity of CAV angiographi-
cally. Recently, the use of intravascular ultrasound (IVUS) 
has gained acceptance as a sensitive and early detector of the 
intimal thickening that characterizes CAV [47]. IVUS mea-
surements of the degree and progression of coronary intimal 
thickening at 1-year post-transplantation have prognostic 
significance with respect to future death, graft loss, and non-
fatal major adverse cardiac events [48], and these measure-
ments now serve as endpoints for early CAV in contemporary 
trials of immunosuppressive agents [49–51].

 Prognosis

The prognosis for survival once angiographically significant 
graft vasculopathy is detected is generally poor. In one study, 
the 1- and 2-year survival rates ranged from 18–67% depend-
ing on the severity and extent of disease [52].

 Prevention and Treatment

There are several approaches to the prevention of CAV. 
These include protecting against endothelial injury through 
decreased ischemic time, prevention of early rejection, 
modification of traditional cardiac risk factors  such as 

hyperlipidemia and hypertension, and pharmacologic ther-
apy [53–55]. Additionally, the mTOR inhibitors sirolimus 
and everolimus have also shown promise in preventing the 
development of CAV when used in de novo heart transplant 
recipients [49, 50].

The choice of treatment for established CAV is often dif-
ficult and controversial. Due to the diffuse nature of CAV 
involvement, this disease is not typically amenable to stan-
dard revascularization procedures, such as percutaneous 
coronary interventions (PCI) and coronary artery bypass 
grafting (CABG). In heart transplant patients undergoing 
PCI, the rate of observed in-stent restenosis and vessel reste-
nosis within 6 months was higher when compared to histori-
cally reported rates in PCI of native vessels [56]. Similarly, 
outcomes following CABG have been extremely poor, with 
a reported 33% operative mortality rate and 50% mortality 
rate at 2 months in one registry [57].

The most definitive form of therapy for graft failure 
resulting from severe vasculopathy is retransplantation 
for carefully selected patients who have advanced disease 
but otherwise good end-organ function. Historically, post-
transplant survival rates in retransplant patients have been 
significantly lower in  comparison with primary trans-
plants [58]; however, due to improvements in surgical 
technique, immunosuppression and post-transplant care, 
survival rates after retransplantation have improved sig-
nificantly and are now comparable to those after primary 
transplantation [1].

Conclusions
Apart for the mechanical circulatory support, heart trans-
plant has become the standard care treatment for patients 
with end-stage heart failure refractory to medication man-
agement. Carefully selected patients survive on average 
10 years, with those who are retransplanted are now doing 
as well as those who were transplanted for the first time. 
Patients are managed with intensive immunosuppressive 
regimens and experience associated complications, such 
as infections and malignancy. In addition, acute cellular 
rejection occurs in 30–50% of patients within first post-
transplant year, and antibody-mediated rejection, which 
carries a worse prognosis, occurs in 10–20% of the 
patients. Chronic rejection occurs months to years after 
transplantation and manifests as cardiac allograft vascu-
lopathy and late graft failure. Heart transplantation pro-
longs lives and improves quality of life and, however, 
requires ongoing intensive medication management, vigi-
lance, and treatments of new complications and comor-
bidities. Knowledge of the associated complications 
allows providers to guide their patients along their post-
transplant journey.

Fig. 20.4 Coronary angiogram in a patient with severe CAV showing 
diffuse disease of the left anterior descending (LAD) coronary artery, 
occlusion of the left circumflex coronary artery, and obliteration of the 
obtuse marginal branches
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 Life Course After Heart Transplantation 
and Its Psychological Correlates

 The Experience Immediately After Surgery

While some patients arrive at the moment of heart transplan-
tation after a long downhill course of heart failure, others 
present with an acute, catastrophic cardiac event. Thus, there 
is great variation in patients’ medical status, cerebral func-
tion, understanding of what is entailed in having a transplant, 
motivation, and psychological readiness for transplantation 
[1, 2]. This variation sets the stage for a wide range of psy-
chological responses in the immediate aftermath of heart 
transplantation.

Patients who were aware of their terminal prognosis 
before transplantation may view the transplant procedure as 
a miraculous rescue from death. They often speak of being 
reborn. These ideas are often accompanied by elation, eupho-
ria, and intense feelings of gratitude. In these first few days, 
patients often express resolutions about changing their lives. 
Patients may also struggle with more or less consciously 
articulated feelings about incorporation of another person’s 
heart into their body, body image, and sense of self, and may 
experience anxiety or guilt. The extent and lability of their 
emotional responses may be heightened by high-dose corti-
costeroid treatment. These reactions to surgery tend to wane 
over the first few weeks afterward.

In rare cases, euphoria, irritability, and sleeplessness 
worsen and develop into a manic episode. Patients with a 
history of bipolar disorder may be particularly at risk. High 
steroid dosing in the first few weeks after surgery or in treat-
ment of graft rejection also contributes to the risk of manic 
symptoms. Steroids, immunosuppressants, and other medi-
cations can cause delirium and other neuropsychiatric effects 
(discussed below).

Patients who are experiencing difficulty with recovery in 
the immediate postoperative course may be fearful, anxious, 
and depressed. The first complication occurring after trans-
plantation often bursts the euphoric bubble. Post-traumatic 
stress disorder (PTSD) can occur when patients have recall 
of intraoperative events due to inadequate sedation, undergo 
painful procedures such as defibrillation or placement of 
central venous or intra-arterial lines, or experience frighten-
ing events in the intensive care unit (ICU) environment.

 The Early Stage of Recovery After Discharge

At some point, often shortly after returning home, patients 
develop a deeper understanding that heart transplantation is 
not a rebirth, but rather a process in which some old prob-
lems are relinquished, while the new problems and tasks of 
living with a transplant must be managed. Surgery is not the 
end of illness but a milestone on the road of continuing adap-
tation to illness. In a review of studies of psychological well-
being after heart transplantation, Conway and colleagues 
highlight the value of perceived control and the experience 
of good social support [3]. These aspects of the patient’s 
experience become especially important after the patient has 
been discharged from the hospital. Early months after heart 
transplantation may be dominated by appointments, tests, 
medication adjustments, management of side effects, and 
rehabilitation, thereby reinforcing the patient role. Medical 
events may interrupt progress toward resumption of social, 
physical, and sexual activity and return to work. This phase 
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of recovery may be complicated by feelings of anxiety, dis-
appointment, or depression. Patients and families are often 
confronted by the failure of reality to live up to idealized 
expectations about quality of life after transplantation or 
length of recovery. Failure of the experience to meet expecta-
tions sometimes leads to overt family conflict and may in 
turn feed into the development of depression.

Guilt feelings may come to the fore as the patient recov-
ers. In addition to the experience of recovery as insufficient 
to ease caregiving burden on loved ones, other guilt-laden 
themes include the idea that one has benefited from the death 
of another person, the recognition of the impossibility of 
adequately paying back a perceived debt, and survivor guilt 
when other transplant recipients die.

 Later Stages of Recovery and Reintegration 
into the Regular World: The “New Normal” 
of Heart Transplant Survivorship

After several months, the intensity of medical follow-up 
tapers off, and medication regimens have been stabilized. 
Intensive cardiac rehabilitation is likely to have been com-
pleted. Patients might want to return to work, but many are 
unable, and some do not want to, although they are well 
enough. Because of requirements to avoid infection, some 
previously held work is unsuitable. Difficulty resuming work 
is associated with financial and psychological distress and 
reduced self-rated quality of life [4].

Many patients experience sexual dysfunction after heart 
transplantation, and it may persist even after recovery in 
other domains of health and functional status. Loss of libido 
and arousal may be due to psychological, interpersonal, and 
medical factors.

Patients at this stage are living with the chronic disease of 
heart transplant survivorship. They must manage medications 
and appointments, maintain diet and exercise regimens, and 
avoid cigarette smoking and harmful substance use. Many suc-
cessfully navigate many years with excellent quality of life. 
Personality pathology, poor coping skills, and low social sup-
port may be particularly problematic for maintaining adher-
ence and good self-care, with subsequent increased risk of 
medical complications [5–7]. Severe depression is uncommon 
at this stage after transplantation, but may be life-threatening 
via suicide or complications due to poor adherence to care, 
while mild to moderate symptoms are common [8–10]. Even in 
adherent patients, aging and adverse effects of the transplanta-
tion regimen lead to new health problems: the transplant fails, 
kidney function declines, and other medical issues arise. 
Re-transplantation, hemodialysis or renal transplantation, and 
treatment of malignancies may become necessary.

 Psychiatric Disorders

Many patients have a mixture of psychiatric symptoms, 
including some combination of anxiety, mood, and cognitive 
problems. Careful differential diagnosis and individualized 
treatment are necessary [11].

It has been estimated that 40–60% of transplant recipi-
ents receiving calcineurin-inhibiting immunosuppressants 
experience mild neuropsychiatric side effects [12]. 
Steroid-related mild neuropsychiatric side effects are esti-
mated to occur in 13–62% of transplant recipients, in a 
dose-dependent fashion [13]. Mild neuropsychiatric side 
effects can be managed by correction of any underlying 
metabolic disturbances or by decreasing the drug’s blood 
level. More severe symptoms may require discontinuation 
of the offending agent.

 Delirium

Delirium is a common occurrence after cardiac surgery, 
including heart transplantation, but little has been written 
specifically about post-heart transplant delirium. Studies, 
some using retrospective self-report, have reported incidence 
as high as 75% [14].

Delirium is often multifactorial, and it may not be possi-
ble to isolate a single causative factor. Side effects of immu-
nosuppressive drugs, opioid analgesics, infections, hypoxia, 
periods of cerebral hypoperfusion, and other organ-related 
issues can be triggers for delirium [14–17]. Treatment of the 
underlying causes and discontinuation or antidoting of 
offending medications are key aspects of management. 
Haloperidol and atypical antipsychotic medications are com-
monly used in treatment of post-transplant delirium, despite 
the absence of evidence of their value from controlled clini-
cal trials [15].

After an episode of delirium, some patients have recollec-
tions of having experienced confusion, paranoid ideation, or 
hallucinations. These experiences stimulate fear and anxiety 
[14]. In some patients, delirium experiences form the nidus 
for PTSD [18].

 Mood Disorders

Depression and anxiety (including adjustment disorders with 
depressed or anxious mood) are the most common psychiat-
ric conditions following heart transplantation [19, 20]. 
Transplant-related health issues are the most commonly 
identified stressors precipitating depression.
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 Prevalence of Depression in Heart Transplant 
Patients
Reported post-transplant lifetime prevalence rates for 
depression reach 58%, although these estimates have often 
been based on retrospective assessments, with small sam-
ples and without adjusting for time [21]. In a few studies 
with larger samples, the incidence of major depressive dis-
order (MDD) post-transplant ranged from 11% at 1  year 
[22] to 26% at 3 years [20]. Previous history of psychiatric 
illness and female gender were associated with increased 
risk [20].

Five to ten years after surgery, heart transplant recipients 
reported improved quality of life, functioning, and good over-
all health. However, depression continues to occur several 
years after transplantation, in part related to long-term com-
plications and comorbidities [3, 23]. Other studies show 
22–32% of patients surviving more than 10 years had self-
reported depressive symptoms, along with a range of other 
signs of emotional distress. Patients’ self-perception of 
inability to work and limitations on function and physical 
activity contributed to depression [24].

Several studies indicate that patients with depression 
following transplantation are more likely to suffer from 
allograft rejection and to die within 3 years after transplan-
tation. Zipfel and colleagues found that preoperative 
depression was associated with increased post-transplant 
mortality in patients with ischemic cardiomyopathy but not 
in those with other causes of heart failure [25]. This study 
did not assess the persistence of depressive symptoms in 
these patients, after transplantation, as a factor mediating 
the association. In other studies, post-transplant depression 
was associated with diminished post-transplant adherence 
and with subsequent increased mortality [8, 10]. In a 2015 
meta-analysis and systematic review, Dew and colleagues 
found that depression in the early post-transplant period 
among the solid organ transplant recipients increased the 
risks of death and graft loss by 65% over many years of 
follow-up [9].

 Psychopharmacological Treatment of Depression 
in Heart Transplant Patients
Reported treatments for depression specifically in heart 
transplant recipients include antidepressants, psychother-
apy, and electroconvulsive therapy (ECT). Tricyclic antide-
pressants (TCAs) can cause orthostatic hypotension and 
impaired cardiac conduction, but some, particularly nor-
triptyline, have been reported to be well tolerated in heart 
transplant recipients and to have little effect on immuno-
suppressant blood levels [26, 27]. Selective serotonin reup-
take inhibitors (SSRIs) have minimal cardiovascular 
effects; concern about their use in heart transplant recipi-
ents is primarily about effects on immunosuppressant blood 

levels via inhibition of hepatic cytochrome P450 isoen-
zymes. Sertraline and fluoxetine are modest inhibitors of 
CYP450-3A4, which metabolizes cyclosporine and siroli-
mus. Paroxetine, escitalopram, and citalopram have less 
effect on the 3A4 isoenzyme. In actuality, however, there 
are only a few clinical reports of problematic interactions 
of immunosuppressants with SSRIs. In one case, cyclospo-
rine level doubled after introduction of fluoxetine and fell 
by 50% after fluoxetine was discontinued [28], but in a case 
series of 13 heart transplant patients, fluoxetine did not 
affect cyclosporine level [29]. In another case series of 
three liver and two heart transplant patients, citalopram did 
not affect cyclosporine pharmacokinetics [30]. Nefazodone 
(a strong CYP3A4 inhibitor, not an SSRI) has also been 
reported to increase cyclosporine blood levels [31]. The 
sexual side effects of SSRIs may limit patients’ enthusiasm 
for their use. Mirtazapine, which is less likely to cause sex-
ual dysfunction and which has anxiolytic, sedative, and 
antiemetic properties, may be more useful, but its use has 
not been specifically studied in transplant recipients [32]. 
In the authors’ clinical experience, stimulants are generally 
well-tolerated as adjunctive treatment for depression in 
heart transplant patents, despite their potential to increase 
heart rate, blood pressure, and arrhythmia risk [33]. ECT 
has also been used safely in heart transplant patients [34].

 Non-pharmacological Treatment of Depression 
in Heart Transplant Patients
Limited data on exercise, social support, and mindfulness-
based stress reduction techniques suggest that they may con-
tribute to lowering anxiety and depression in heart transplant 
patients, although the effects have not been tested specifi-
cally in patients with clinically significant depressive symp-
toms [35]. For example, Dew and colleagues studied 
Internet-based psychoeducation and social support for 
4 months in a group of 24 heart transplant recipients [36]. 
Anxiety and depression symptoms declined from pre- to 
post-intervention, but the mean level of anxiety and depres-
sion symptoms at baseline was only 1 on a 0–4 scale, indicat-
ing that this was not a very distressed or symptomatic cohort 
to begin with.

A recent uncontrolled pilot study found that a 6-week 
mindfulness-based stress reduction intervention reduced 
depression and anxiety symptoms in a small cohort of solid 
organ transplant recipients (who were not selected on the 
basis of high levels of symptoms) [37]. Likewise, a study of 
high-intensity interval exercise training found a beneficial 
effect on mood and anxiety symptoms in a cohort of heart 
recipients (not selected for high depression or anxiety) [38]. 
Whether these types of interventions would benefit heart 
transplant patients with mood or anxiety disorders is 
unknown.
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 Mania and Hypomania in Heart Transplant 
Patients
The main risk factors for manic and hypomanic episodes 
after heart transplantation are steroids and previous history 
of bipolar disorder. Large steroid doses may precipitate a 
manic episode, even in patients with no history of mood dis-
order. Apparent manic symptoms may also be a feature of 
delirium. Little empirical data is available to guide treat-
ment. Valproic acid is a reasonable first-line treatment for 
mania, but caution is required due to its potential effects on 
liver function and platelets. Impaired renal function is a 
long-term complication of both lithium and calcineurin-
inhibitor immunosuppressants; for this reason, lithium is 
best avoided if possible. Carbamazepine is relatively contra-
indicated due to potential for many drug-drug interactions 
through induction of cytochrome P450 system enzymes and 
its tendency to cause hyponatremia. Antipsychotic agents 
may be extremely helpful in management of acute mania 
after heart transplantation, as long as attention is paid to 
potential drug interactions [33, 39].

 Cognitive Disorders

Cognitive impairment has been described in up to 77% of 
heart transplant candidates [40] and is thought to be caused 
by chronic central nervous system hypoperfusion, as seen in 
advanced stages of heart failure. The risk is especially high 
in older patients [41]. Restoration of normal cardiac output, 
with improved hepatic and renal function, improves at least 
some domains of cognitive function [42, 43]. However, defi-
cits may take months to years to resolve [13] and a subset of 
patients remain impaired [44]. Undergoing cardiac surgery 
in and of itself may increase risk of subsequent cognitive 
dysfunction [45].

It is uncertain if immunosuppressants, or specific classes of 
immunosuppressants, contribute to persistent or long-term 
cognitive impairment. Using standard psychometric tests and 
evoked potential recording, Grimm et  al. demonstrated that 
cardiac transplantation initially normalizes impaired brain 
function, followed by a relative long-term decline, hypothe-
sized to be due to cumulative cyclosporine toxicity [46]. 
Burker and colleagues found no difference in cognitive func-
tion between heart transplant patients treated with everolimus-
based versus calcineurin-inhibitor-based regimens [47].

There is no published data assessing pharmacological 
treatment of cognitive impairment after heart transplantation. 
If medications such as donepezil, galantamine, rivastigmine, 
and memantine are used by transplant recipients, drug-drug 
interactions must be considered. Donepezil, in particular, is a 
weak inhibitor of cytochrome P4503A4 and may increase 
serum levels of immunosuppressants [48–51]. Donepezil and 
galantamine are both substrates of CYP3A4 [50, 52].

 Anxiety

Adjustment disorder with anxious mood and mixed presen-
tations of generalized anxiety disorder symptoms with mood 
or behavioral disturbances are common in the first year after 
transplantation and may also occur in subsequent years [20]. 
In one study, significant anxiety symptoms were detected 
within 8 weeks after surgery in over 50% of heart transplant 
recipients [53]. Female sex, previous history of anxiety, and 
older age were associated with increased risk. Precipitating 
factors included transplant-related complications, medica-
tion side effects, unpleasant or risky medical procedures, and 
fears about returning to the home environment. Other con-
current life events may also trigger anxiety.

In their 2015 review and meta-analysis, Dew and col-
leagues found that, in contrast to depression, anxiety symp-
toms and anxiety disorders following transplantation were 
not significantly associated with increased morbidity or mor-
tality [9].

Despite the substantial prevalence of anxiety symptoms, 
clinical studies on its treatment specifically in heart trans-
plant recipients are lacking. Benzodiazepines and SSRIs are 
commonly employed, along with psychotherapy and behav-
ioral interventions, such as relaxation training. Gabapentin, 
which is cleared by renal excretion without hepatic metabo-
lism, is another option [54]. As noted above, small studies of 
mindfulness-based stress reduction [37] and exercise train-
ing [38] in solid organ transplant recipients both yielded 
reduction in reported anxiety symptoms, but neither study 
targeted patients with high baseline anxiety symptoms, and 
the benefit for patients with anxiety disorders is uncertain.

 Post-traumatic Stress Disorder

PTSD is common after cardiac surgery and is a recognized 
complication of organ transplantation. Stukas and colleagues 
followed 126 heart transplant recipients and found that 14% 
developed transplant-related PTSD [55]. Many factors may 
contribute to the development of PTSD, including the life-
threatening illness experienced during the waiting period, 
the transplant surgery, and the ICU stay. Delusions and hal-
lucinations associated with post-transplant delirium have 
also been reported to provoke PTSD [18]. In a systematic 
review, pre-transplant psychiatric illness and poor social 
 support post-transplant were consistent predictors of post-
transplant PTSD [56]. PTSD symptoms were associated with 
worse mental health-related quality of life. In one prospec-
tive study, patients who experienced PTSD during the first 
year after the transplant were over 13 times more likely to 
die within 3 years of follow-up [55].

Standard treatments for PTSD include cognitive behavior 
therapy, especially prolonged exposure therapy, and SSRIs, 
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sometimes augmented with antipsychotic medication. 
However, no controlled studies of PTSD treatment in solid 
organ transplant recipients, or specifically in heart transplant 
recipients, have been conducted [57].

 Sexual Dysfunction

Most male and about half of female heart transplant recipi-
ents report sexual dysfunction, with associated impairment in 
self-rated quality of life [58]. Contributing factors include 
pre-existing comorbidities (e.g., atherosclerosis, diabetic 
neuropathy, and angiopathy), effects of medications (e.g., 
antihypertensive medicines, steroids, immunosuppressants, 
antidepressants), mobility and pain issues, fear, depression, 
stress, perceived changes in attractiveness and body image, 
and relationship conflicts. Impairments of the desire and 
arousal phases of normal sexual response may be due to phys-
iological or primarily psychological difficulties. Impaired 
orgasm is most often related to medication (e.g., SSRI) or 
physiological effects. Therefore, a thorough investigation of 
both medical and psychological contributors to sexual dys-
function may be necessary in order to direct intervention. 
Furthermore, cardiac patients often avoid sex because of fear 
that it may cause excessive strain on the heart. In addition, 
cardiac surgery patients with large midline surgical incisions 
are warned to avoid tension on the incision during the healing 
process, in order to avoid wound dehiscence [59–62].

Post-heart transplant patients may benefit from explicit, 
focused counseling about resuming sexual behavior after 
transplantation [63], but no studies have specifically 
addressed treatment in heart transplant recipients. 
Phosphodiesterase type 5 (PDE5) inhibitors such as silde-
nafil, utilized in treatment of pulmonary hypertension, are 
used for treatment of erectile dysfunction and can be toler-
ated by heart transplant recipients as long as nitrates and 
alpha-adrenergic blocking agents are not co-administered 
[33].

 Sleep Disorders

Sleep disorders are highly prevalent after heart transplanta-
tion and associated with poor health-related quality of life. 
Tseng and colleagues found 72% of post-cardiac transplant 
patients reported sleep disturbance [64]. Reilly-Spong and 
colleagues reported rates of clinically defined poor sleep in 
41%, and decreased sleep efficiency in 69%, of solid organ 
recipients [65]. Physiological, psychological, and social fac-
tors contribute to the low quality of sleep in heart transplant 
recipients.

Physiological factors include obstructive sleep apnea 
(OSA), post-transplant physical symptoms, and medication 

side effects. A cross-sectional study found that 36% of car-
diac transplant recipients had moderate to severe OSA [66].

Psychological and social factors that contribute to poor 
sleep include role shifts within the family, unemployment 
and loss of daily structure, and financial stress. Sleep distur-
bance can be symptomatic of an underlying mood or adjust-
ment disorder, PTSD, or of pain or shortness of breath. These 
conditions must be addressed in order to improve sleep 
quality.

Sleep quality may be impacted directly or indirectly 
by post-transplantation medications. Calcineurin-inhibiting 
immunosuppressants and corticosteroids commonly cause 
insomnia, either as an independent symptom or as part of a 
constellation of neuropsychiatric symptoms [12]. Indirect 
medication side effects include nocturia secondary to diuret-
ics and altered sleep-wake cycle due to use of sedating anal-
gesic medications. When appropriate, medication timing and 
doses should be adjusted to maximize quality of sleep.

Although sedative-hypnotics are the most common treat-
ment for insomnia, these medications often have little effect, 
and do not address underlying causes. For transplant recipi-
ents, these ancillary medications may additionally contribute 
to polypharmacy, raising risks of medication errors and non-
adherence. Addressing underlying medical and psychiatric 
conditions and sleep hygiene education are important steps 
in managing sleep disorders. Although it is a plausible inter-
vention, no studies of cognitive behavioral therapy for 
insomnia have been conducted in heart transplant patients.

 Adherence After Heart Transplantation

Failure to adhere to the transplant regimen is an obvious 
risk factor for morbidity and mortality after transplantation, 
making psychosocial and behavioral factors associated with 
adherence problems an important topic for post-transplant 
psychosocial care. A recent review noted that pre-transplant 
medication nonadherence predicts post-transplant medica-
tion nonadherence and that nonadherence increases after 
the first few months following transplant, often in associa-
tion with intercurrent life stressors, financial strain, and high 
cost of medication [67]. Negative attitudes and beliefs about 
transplant medications, for example, that the medications 
cause side effects, and are not actually important to protect 
against rejection, are also associated with nonadherence. 
Similarly, patients with poorer knowledge and understand-
ing of transplantation have higher rates of nonadherence 
[68]. Structured evaluations conducted before placing a 
patient on the waiting list for transplantation that consider 
psychiatric disorders, personality, substance use, cognitive 
function, motivation and understanding, social supports, and 
intercurrent stressors can identify patients with increased 
risk of adherence problems following transplantation and of 
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consequent morbidity [5–7]. These evaluations can provide 
opportunity for interventions to mitigate risk before adverse 
consequences ensue. To date, however, there has been little 
in the way of controlled trials to demonstrate benefits of 
interventions to promote adherence.

Another review highlights the paucity of controlled stud-
ies of interventions to improve adherence in heart transplant 
patients. Identified quasi-experimental intervention studies 
examined simplifying the medication dosing schedule, psy-
choeducation, and Internet-based interactive workshops; 
these studies provide very limited evidence for at least a 
modest benefit of such interventions [69].

 Conclusions
Psychiatric disorders are common and contribute substan-
tially to suffering and decreased quality of life in heart 
transplant recipients. Some disorders are associated with 
increased risk of poor adherence to the transplant regimen 
and increased morbidity and mortality. Careful differen-
tial diagnosis, appreciation of the potential psychiatric 
side effects of the transplant medication regimen, and 
awareness of drug interactions are important aspects of 
psychiatric care of heart transplant recipients. Many of 
these psychiatric problems can be successfully prevented 
or treated, but more controlled trials are needed to estab-
lish treatment effectiveness for many psychiatric disor-
ders in heart transplant recipients.
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 Introduction

Lung transplantation remains the only therapeutic option for 
various end-stage lung diseases involving the lung paren-
chyma or vasculature. As discussed in Chap. 25 on History of 
Lung Transplantation, the first lung transplantation occurred 
in 1963, and significant advancements in surgical technique, 
immunosuppressive medications, and organ preservation 
techniques have improved postsurgical outcomes [1]. The 
most recent data from The International Society for Heart and 
Lung Transplantation (ISHLT) reports that there were over 
4000 lung transplantations performed worldwide in 2015 [2]. 
Major indications for lung transplantation include idiopathic 
interstitial pneumonia (IIP), chronic obstructive pulmonary 
disease (COPD), cystic fibrosis (CF), and idiopathic pulmo-
nary arterial hypertension (IPAH) (Fig.  22.1). Selection of 
appropriate candidates for lung transplantation involves a 
careful multidisciplinary approach. This includes assessing 
the severity of the underlying disease, other organ system 
function, and psychosocial aspects. Given the diverse nature 
of the underlying lung diseases, advanced lung failure affects 
people across all age groups and backgrounds. In this chapter, 
we provide an overview of the diseases and indications for 
lung transplantation and discuss the relative and absolute con-
traindications to lung transplantation.

 Indications and Timing of Referral

In the broadest terms, lung failure of diverse etiologies which 
is progressive despite maximal medical therapy is an indica-
tion for lung transplantation. Lung transplantation is consid-
ered for those with advanced lung disease who have a high 

(>50%) risk of death from lung disease in 2 years along with 
a high (>80%) likelihood of short-term (90-day) and long-
term (5-year) post-transplant survival from a general medical 
perspective, provided adequate lung allograft function [3]. 
Given the complexity of lung transplantation, it is correctly 
reserved as the treatment of last resort when medical therapy 
has failed. However, timely referral is key to providing the 
patient and the transplant center with adequate time to com-
plete an evaluation and resolve barriers to transplantation.

 Obstructive Lung Disease

Chronic obstructive pulmonary disease (COPD) accounted 
for 30% of all lung transplantations between 1996 and 2015 
[2]. Other obstructive lung disease disorders for which lung 
transplantation is offered include α-1-antitrypsin deficiency 
(A1AT), Langerhans cell histiocytosis, and lymphangioleio-
myomatosis (LAM).

The progression of COPD consists of a slow decline in 
lung function over several years [4]. Many patients have 
acceptable long-term survival outcomes with advanced 
COPD making the timing of lung transplantation challenging 
[4]. There are many clinical factors related to COPD that have 
been associated with poor outcomes including the degree of 
hypercapnia, coexisting pulmonary hypertension, lower post-
bronchodilator force expiratory volume in the first second 
(FEV1), low body mass index (BMI), severity of emphysema, 
and exercise capacity [5, 6]. These factors alone are insuffi-
cient to use in determining the mortality risk in individual 
patients. In 2004, Celli et al. combined several of these fac-
tors to form a model predicting mortality known as the BODE 
(BMI, degree of airflow obstruction, dyspnea, exercise capac-
ity) index [39]. The BODE score ranges from 0 to 10 with 
higher scores inferring a higher mortality risk (Table 22.1). 
The number of exacerbations per year is also associated with 
worsening mortality independent of the severity of the dis-
ease as measured by the BODE index [7, 8]. In addition, 
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patients admitted for hypercapnic respiratory failure have an 
inpatient mortality greater than 10%, and of those who sur-
vive the admission, 1- and 2-year mortality rates are 43% and 
49%, respectively [9].

Post-transplant survival data in COPD patients include a 
median of 5.3 years, 2-year survival of 75% [2]. The most 
recent ISHLT consensus guidelines recommend that patients 
with obstructive lung disease be referred for lung transplan-
tation with disease progression despite maximal medical 
therapy, not candidates for lung volume reduction surgery, 
BODE index of 5–6, PaCo2  >  50  mmHg and/or 
PaO2  <  60  mmHg, and FEV1  <  25% predicted [3]. 
Recommendations for listing for lung transplantation include 
BODE index >7, FEV1 < 15%–20% predicted, three or more 
severe exacerbations during the preceding year, one exacer-
bation with acute hypercapnic respiratory failure, and/or 
moderate to severe pulmonary hypertension [3].

One issue specific to the COPD population is the role of 
lung volume reduction surgery (LVRS) in a subset of patients. 
In 2003, the National Emphysema Treatment Trial (NETT) 
demonstrated that patients with an FEV1 between 20% and 

25%, diffusing capacity for carbon monoxide (DLCO) > 20%, 
upper lobe predominant heterogeneous emphysema, and poor 
exercise capacity had improved exercise capacity, lung func-
tion, and quality of life after LVRS [10]. For those who meet 
the criteria for both LVRS and lung transplantation, it is rea-
sonable to offer LVRS first, leaving lung transplantation as an 
option for those who do not respond to LVRS [4]. Successful 
LVRS can postpone lung transplantation allowing for further 
optimization of functional and nutritional status [11, 12].

 A1AT deficiency is primarily seen in Northern European 
populations; however, it has been identified in all racial 
groups [13]. Alpha-1 antitrypsin (AAT) is a serine protease 
inhibitor designed to help preserve lung elasticity by neutral-
izing elastase. When levels of AAT decline below the protec-
tive threshold, neutrophil-mediated elastase activity is 
unopposed resulting in destruction of lung parenchyma and 
the development of emphysema [13]. Patients with A1AT 
deficiency are particularly vulnerable to developing early 
emphysema especially with tobacco exposure. The timing of 
listing for lung transplantation for A1AT deficiency is similar 
to the clinical guidelines for COPD [4]. Although A1AT defi-
ciency is also known to cause end-stage liver disease, accord-
ing to the United Network for Organ Sharing, only 1% of 
adult liver transplantations occurred in the United States in 
the setting of A1AT deficiency from 1995 to 2004 [14]. 
When both organs are severely affected, a combined liver-
lung transplant may be an option for a select few. Data for 
combined liver-lung transplant for A1AT deficiency is lim-
ited to a few case reports [15, 16].

Diagnosis SLT
(N = 18,207) 

BLT (N = 36,046) Total
(N = 54,253) 

COPD 7266 (39.9%) 9539 (26.5%) 16,805 (31.0%)

IIP 6449 (35.4%) 6990 (19.4%) 13,439 (24.8%)

CF 218 (1.2%) 8266 (22.9%) 8484 (15.6%)

1078 (5.9%) 1925 (5.3%) 3003 (5.5%)

A1ATD 797 (4.4%) 1,912 (5.3%) 2709 (5.0%)

Retransplant 922 (5.1%) 1269 (3.5%) 2191 (4.0%)

IPAH 88 (0.5%) 1481 (4.1%) 1569 (2.9%)

Non CF-bronchiectasis 67 (0.4%) 1413 (3.9%) 1480 (2.7%)

Sarcoidosis 312 (1.7%) 1026 (2.8%) 1338 (2.5%)

PH-not IPAH 135 (0.7%) 690 (1.9%) 825 (1.5%)

LAM/tuberous sclerosis 146 (0.8%) 381 (1.1%) 527 (1.0%)

OB 73 (0.4%) 395 (1.1%) 468 (0.9%)

CTD 140 (0.8%) 282 (0.8%) 422 (0.8%)

Cancer 7 (0.0%) 27 (0.1%) 34 (0.1%)

Other 509 (2.8%) 450 (1.2%) 959 (1.8%)

ILD-not IIP

Fig. 22.1 Adult Lung Transplants (January 1995  - June 2016) Key: 
Chronic obstructive pulmonary disease (COPD), idiopathic interstitial 
pneumonia (IIP), cystic fibrosis (CF), interstitial lung disease (ILD), 
alpha-1 antitrypsin deficiency (A1ATD), idiopathic pulmonary arterial 

hypertension (IPAH), pulmonary hypertension (PH), lymphangioleio-
myomatosis (LAM), obliterative bronchiolitis (OB), connective tissue 
disease (CTD), single-lung transplant (SLT), bilateral lung transplant 
(BLT)

Table 22.1 Predicting Mortality  in Chronic Obstructive Pulmonary 
Disease: BODE Index

BODE 
index

12-month 
mortality (%)

24-month 
mortality (%)

52-month 
mortality (%)

0–2 2 6 19
3–4 2 8 32
4–6 2 14 48
7–10 5 31 80
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LAM is a rare cystic lung disease involving abnormal 
smooth muscle proliferation around small airways, pulmo-
nary vasculature, and lymphatics [4]. It affects women of 
child-bearing years presenting with spontaneous pneumo-
thoraces and chylothorax. LAM accounted for 1% of total 
lung transplants from 1996 to 2015 [2]. Due to the lack of 
data, prognostic parameters indicative of high mortality risks 
prompting listing for lung transplantation is limited. 
Population-based studies suggest that age of diagnosis, 
weight loss, and use of supplemental oxygen are indepen-
dent predictors of mortality [17]. Patients with LAM are gen-
erally considered for listing when there is significant decline 
in pulmonary function, quality of life, and functional status 
[4]. Prior pleurodesis or pleurectomy for pneumothorax/chy-
lothorax can result in adhesions, making the surgery more 
complicated with increased risk of severe hemorrhage. 
However, this should not be considered an absolute contrain-
dication to transplantation [4]. Fifty percent of patients with 
LAM will develop renal angiomyolipomas which have a risk 
of spontaneous bleeding. In general, larger lesions are 
addressed with embolization prior to transplantation, and if 
renal function is not compromised, renal angiomyolipomas 
are not considered an absolute contraindication to lung trans-
plantation [4]. Recurrence of LAM has been reported, 
although the exact incidence is not known.

 Cystic Fibrosis and Non-cystic Fibrosis 
Bronchiectasis

Cystic fibrosis (CF) is an autosomal recessive genetic disor-
der that involves mutations in the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene. This mutation 
causes a defective chloride channel expression in the mem-
brane of apical epithelial cells. CF is a systemic disease 
affecting sweat glands, intestines, lungs, pancreas, liver, and 
sinuses, as well as reproductive organs in men [18]. From 
1986 to 2012, the median survival of CF patients has 
increased to 36 years of age from 27. However, the primary 
morbidity and mortality results from respiratory failure [18]. 
CF accounted for 15% of total lung transplants from 1996 to 
2015 [2].

There are no prospective, randomized studies that define 
the optimal timing for listing in CF patients. Thus, early 
referral of CF patients to transplant centers is encouraged to 
identify and correct potential barriers to transplantation [19]. 
Generally, the degree of lung function, decline in functional 
capacity, number of exacerbation, presence of refractory 
hemoptysis, and pneumothorax are clinical factors used 
when listing CF patients for transplantation. Kerem et  al. 
reported that an FEV1 < 30% predicted was associated with 
a 2-year mortality of 40% in males and 55% in females [20]. 
Others have reported that FEV1  <  30% predicted, an ele-

vated PaCO2 > 50 mmHg, and use of nutritional supplements 
were all associated with increased mortality [21]. Milla et al. 
looked at the rate of decline in lung function and found that 
the rate of decline, rather than the absolute values of FEV1, 
was associated with earlier mortality [22]. A 5-year survivor-
ship model was developed using the Cystic Fibrosis 
Foundation database by Liou et al. They reported that female 
sex, diabetes mellitus, Burkholderia cepacia infection, and 
number of exacerbations were better indicators of mortality, 
as compared to FEV1 alone [23]. According to the 2014 
ISHLT consensus guidelines, patients should be referred to 
transplant centers when FEV1 < 30%, or there is progressive 
decline in FEV1 despite optimal medical therapy, 6-min 
walk distance <400 m, presence of concomitant pulmonary 
hypertension, clinical deterioration with increased exacerba-
tions associated with pneumothorax, life-threatening hemop-
tysis despite bronchial artery embolization, increasing 
antibiotic resistance organisms with slower recovery, or 
respiratory failure requiring noninvasive ventilation [2]. 
Indications for listing include chronic respiratory failure 
with PaO2 < 60 mmHg, PaCo2 > 50 mmHg, rapid progressive 
functional decline, New  York Heart Association (NYHA) 
functional class IV, continued weight loss despite aggressive 
nutritional supplementation, and pulmonary hypertension 
[19]. Determining candidacy for lung transplantation varies 
among different centers based on program experience. Post-
transplant survival statistics  in CF patients include median 
survival of 12 years, the longest as compared to patients with 
other end-stage lung diseases; 5-year survival of 75%; and 
10-year survival of 60% [2].

CF is a suppurative lung disease which has some specific 
issues to consider prior to lung transplantation. CF patients 
are often colonized or infected with multidrug-resistant 
organisms in their sinuses and respiratory tracts; thus post-
transplant infections in the setting of immunosuppression are 
a major concern [24]. Typical organisms include multidrug-
resistant pseudomonas, mycobacterium species, fungal 
organisms, and Burkholderia species. Most of these organ-
isms can be treated post-transplant and do not appear to 
affect survival in CF patients when compared to other lung 
diseases [19]. However, Burkholderia cepacia is known to 
affect post-transplant survival. Patients with B. cenocepacia 
(genomovar III) have a very high post-transplant mortality 
rate and usually die from sepsis despite aggressive treatment 
[18]. Thus, most transplant programs will not offer lung 
transplantation to these patients.

Non-CF bronchiectasis has been linked to many different 
etiologies including inherited immunodeficiency disorders, 
human immunodeficiency virus (HIV), infections (aspergil-
lus, non-TB mycobacterium), primary ciliary dyskinesia, 
inflammatory bowel disease, interstitial lung disease, and 
Young syndrome [25]. Similar to CF, patients with non-CF 
bronchiectasis have chronic airway inflammation, obstruc-
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tion with mucus secretion, and bacterial infections in 
advanced disease. Non-CF bronchiectasis accounted for 
2.7% of all lung transplantations from 1995 to 2015 [2]. 
Specific guidelines for referral of patients with non-CF bron-
chiectasis have not been established; thus similar clinical 
criteria used for CF patients are employed when considering 
for lung transplantation [40].

 Idiopathic Interstitial Pneumonia (IIP)

The idiopathic interstitial pneumonias include a heteroge-
neous group of interstitial lung diseases (ILD) in which the 
underlying cause of lung  inflammation and fibrosis is not 
known. Idiopathic pulmonary fibrosis (IPF) is the most com-
mon subtype of the IIPs. The revised classification scheme 
by the American Thoracic Society and European Respiratory 
Society is listed in Table 22.2. The main treatment modalities 
for most of the IIPs include immunosuppression and anti-
fibrotic medications to slow down the progression of the dis-
ease. Lung transplantation remains an important option in 
patients with disease progression despite medical therapy 
and functional decline.

IIPs accounted for 24.8% of all lung transplants from 
1996 to 2015 [2]. Over the past 13 years, the number of lung 
transplants performed for underlying IIP has increased (see 
Fig. 22.2). This is due to the implementation of the lung allo-
cation score (LAS) in the United States in 2005 [26]. Prior to 

the LAS, lungs were allocated based on time on the waitlist. 
The LAS consists of a risk assessment of expected waitlist 
urgency and post-transplant survival.

Idiopathic pulmonary fibrosis (IPF) is one of the most 
common subtypes of the IIPs. It is characterized by persis-
tent destruction of the lung parenchyma thought to be related 
to multiple injuries to the lung over a period of time, ulti-
mately leading to fibrosis [27]. The median survival from 
diagnosis of IPF is 2.5–3.8 years [26]. The progression of 
IPF can be unpredictable, with many patients remaining sta-
ble for long periods of time, while others experience multiple 
exacerbations leading to respiratory failure and death [27]. 
Since there is no way of predicting which course the disease 
will follow, patients should be referred for lung transplanta-
tion at the time of diagnosis. Although clinical tools to pre-
dict mortality in IPF have limitations, there are a number of 
factors associated with poor prognosis. These include age, 
sex, smoking history, DLCO, forced vital capacity, degree of 
fibrosis seen on high-resolution CT scan, and the number of 
fibroblastic foci seen on histopathology [28–31].

Patients with IIP should undergo serial evaluations focus-
ing on lung function, functional decline, impairment in gas 
exchange, and number of exacerbations. Current guidelines 
recommend referring all patients with radiographic or histo-
pathologic evidence of usual interstitial pneumonia (UIP) 
regardless of lung function, forced vital capacity (FVC) 
<80% predicted or diffusion capacity <40% predicted, any 
oxygen requirement, any functional limitations or dyspnea 
secondary to lung disease, or failure to improve despite max-
imal medical therapy. Timing for listing includes a decline in 
FVC of more than 10% within a 6-month follow-up, decline 
in DLCO of greater than 15% within a 6-month follow-up, 
oxygen saturations of less than 88% on a 6-min walk, pulmo-
nary hypertension on right heart catheterization or echocar-
diography, hospitalizations secondary to acute exacerbations, 
respiratory decline, or pneumothorax [3].

 Pulmonary Hypertension

Pulmonary hypertension (PH) is characterized by an increase 
in the resistance of the pulmonary vasculature. PH is defined 
as a mean pulmonary artery pressure greater than 25 mmHg 
at rest, with a pulmonary capillary wedge pressure of less 
than 15 mmHg, and pulmonary vascular resistance greater 
than 3 Woods units as measured by cardiac catheterization 
[32]. The current World Health Organization classification 
scheme divides PH into five major categories with further 
subdivisions (Table  22.3). Abnormal pathways involving 
endothelial and smooth muscle cells and dysregulation of the 
pulmonary vasculature are thought to be the underlying 
mechanisms leading to increased pulmonary vascular resis-
tance (PVR) [32]. In response to this increased PVR, the 

Table 22.2 Classification of Idiopathic Interstitial Pneumonia (IIP)

Revised American Thoracic Society/European Respiratory Society 
classification of idiopathic interstitial pneumonias: Multidisciplinary 
diagnosis
Major idiopathic interstitial pneumonias
  Idiopathic pulmonary fibrosis
  Idiopathic nonspecific interstitial pneumonia
  Respiratory bronchiolitis-interstitial lung disease
  Desquamative interstitial pneumonia
  Cryptogenic organizing pneumonia
  Acute interstitial pneumonia
Rare idiopathic interstitial pneumonia
  Idiopathic lymphoid interstitial pneumonia
  Idiopathic pleuroparenchymal fibroelastosis
Unclassifiable idiopathic interstitial pneumoniasa

aCauses of unclassifiable idiopathic interstitial pneumonia include (1) 
inadequate clinical, radiologic, or pathologic data and (2) major discor-
dance between clinical, radiologic, and pathologic findings that may 
occur in the following situations: (a) previous therapy resulting in sub-
stantial alteration of radiologic or histologic findings (e.g., biopsy of 
desquamative interstitial pneumonia after steroid therapy, which shows 
only residual nonspecific interstitial pneumonia); (b) new entity or 
unusual variant of recognized entity, not adequately characterized by 
the current American Thoracic Society/European Respiratory Society 
classification (e.g., variant organizing pneumonia with supervening 
fibrosis); and (c) multiple high-resolution computed tomography and/or 
pathologic patterns that may be encountered in patients with idiopathic 
interstitial pneumonia
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right ventricle becomes hypertrophic and dilated. Patients 
ultimately develop right ventricular failure with decreased 
cardiac output. The median survival rate for PH is 2.8 years 
when untreated [32]. Functional class is a strong predictor of 
survival with patients in NYHA functional class IV having a 
mean survival of less than 6 months [32].

Pharmacotherapy for PH includes targeting three differ-
ent pathways that regulate pulmonary artery vasoconstric-
tion. Endothelin-1 is a potent vasoconstrictor produced by 
endothelial cells, and it also promotes endothelial and 

smooth muscle cell proliferation [33]. Endothelin receptor 
antagonists have been developed to counteract this pathway. 
Phosphodiesterase type 5 inhibitors and guanylate cyclase 
stimulator also exert vasodilatory and antiproliferative 
effects on the pulmonary vasculature. Prostacyclin analogs 
and receptor agonists cause potent vasodilation with cyto-
protective effects [33]. Current guidelines recommend refer-
ring patients with NYHA class III or IV symptoms during 
escalation of therapy, rapidly progressive disease, use of par-
enteral therapy regardless of symptoms or NYHA functional 
class, known or suspected pulmonary veno-occlusive dis-
ease, or pulmonary capillary hemangiomatosis [3]. Timing 
for listing patients for transplantation include NYHA func-
tional class III or IV despite a trial of at least 3 months of 
combination of therapy including prostanoids, cardiac index 
of <2 L/min, mean right atrial pressure > 15 mmHg, 6 min 
walk test of <350 m, development of significant hemoptysis, 
pericardial effusion, or signs of progressive right heart fail-
ure [3].

 Heart-Lung Transplantation

A combined dual-organ transplantation remains an option 
for a select few patients who have multi-organ failure and 
would not survive a single-organ transplantation. In patients 
with severe cardiopulmonary disease, a heart-lung transplant 
may be the only available therapeutic option. Indications for 
heart-lung transplantation include congenital heart disease 
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for Adult Lung Transplants 
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interstitial pneumonia (IIP), 
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Table 22.3 Classification of Pulmonary Hypertension

Group Category of PH Associated disease
1 Pulmonary arterial 

hypertension
Idiopathic PH (IPAH)
Inherited
Drug/toxin associated
Associated with HIV, connective 
tissue disease, schistosomiasis
Pulmonary venous occlusive 
disease (PVOD)

2 PH secondary to left 
heart disease

Systolic dysfunction, diastolic 
dysfunction, valvular disease

3 PH secondary to lung 
disease or hypoxemia

COPD, interstitial lung disease

4 Chronic 
thromboembolic PH 
(CTEPH)

5 PH with unclear 
multifactorial 
mechanisms

Sarcoid, LAM, hematologic 
disorders, fibrosing mediastinitis, 
glycogen storage disease, thyroid 
disorders, Gaucher disease
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with Eisenmenger syndrome, end-stage pulmonary disease 
with right ventricular failure, or refractory left ventricular 
failure [34]. According to the latest ISHLT registry data, the 
number of reported heart-lung transplants performed world-
wide has declined to less than 75 in 2014 [35].

In patients with complex congenital heart disease with 
Eisenmenger syndrome, the presence of elevated pulmonary 
arterial systolic pressure > 50 mmHg and either pulmonary 
vascular resistance greater than 3 Woods units or transpul-
monary pressure gradient of greater than 15 mmHg indicate 
a greater risk for right heart failure and death and, thus, are 
considered a relative contraindication to isolated heart trans-
plantation [34]. If the pulmonary vascular resistance fails to 
improve with medical therapy, these patients may be consid-
ered for heart-lung transplantation.

PH used to be the most common indication for heart-lung 
transplantation until the early 1990s. Since then, several 
studies have shown that patients with PH have similar out-
comes with bilateral lung transplantation compared to a 
combined heart-lung transplantation, even in the setting of 
severe right heart failure requiring inotropic or VA ECMO 
support [36, 37]. Thus, unless there is concomitant left ven-
tricular failure, a double-lung transplant should be the proce-
dure of choice in these patients. Cutoff values for right and 
left heart systolic function vary significantly from center to 
center. Based on published reports, these values can range 
from 10% to 25% for right ventricular ejection fraction and 
32–50% for left ventricular ejection fraction [34].

Patients with end-stage lung disease and cardiac disease 
may be candidates for combined lung transplantation and 
cardiac surgery. This includes concomitant coronary artery 
bypass, valve repair or replacement, and repair of congenital 
defects [38]. Since single-organ transplant waitlist times are 
significantly shorter than combined organ and donor organs 
are a limited resource, all options are carefully considered 
for the individual case.

 Contraindications to Lung Transplantation

In general, strong predictors of poor outcome after lung 
transplantation are considered contraindications to trans-
plant. The following are considered absolute contraindica-
tions to lung transplantation, although there is considerable 
transplant center-specific variation in practice [3]:

• Recent history of cancer. A 2-year disease-free interval 
with a low predicted risk of recurrence may be reasonable 
in selected cases, although in general, a 5-year disease-
free interval is considered prudent. This can be a chal-
lenging area since predicting risk of recurrence in the 
context of immunosuppression is difficult.

• Significant dysfunction of another major organ system 
that is not treatable (unless a multi-organ transplant can 
be considered)

• Coronary artery disease that is not amenable to 
revascularization

• BMI > 35
• Uncorrectable bleeding diathesis
• Acute medical instability
• Nonadherence to medical therapy and follow-up
• Psychiatric or psychologic conditions associated with 

inability to comply with complex medical therapy
• Substance abuse or dependence
• Absence of adequate social support
• Severely limited functional status with poor rehabilitation 

potential

Over the last several years, the lung transplant field has 
seen considerable change, such that several contraindica-
tions previously considered absolute contraindications have 
now moved to the relative contraindication list. Patients 
infected with hepatitis B, hepatitis C, and HIV are an exam-
ple of this. Relative contraindications are outlined below:

• Age greater than 65 years. Although no particular age is 
considered an absolute cutoff or contraindication, advanc-
ing age is usually associated with development of other 
comorbidities, and an individual patient must be consid-
ered carefully as age advances.

• BMI 30–35
• Severe malnutrition
• Severe symptomatic osteoporosis
• Prior thoracic surgery
• Hepatitis B and/or C infection. These candidates should 

be carefully considered in centers with experienced hepa-
tology teams.

• Patients with HIV infection with controlled disease and 
undetectable HIV RNA and no current AIDS defining ill-
nesses may be considered at centers with expertise in HIV 
care.

• Patients with Burkholderia cenocepacia, Burkholderia 
gladioli, and MDR Mycobacterium abscessus may be 
considered if infection sufficiently treated preoperatively 
and at centers with appropriate infectious disease experi-
ence and expertise.

• Coronary artery disease. Carefully selected patients may 
be candidates for percutaneous coronary intervention pre-
transplant or, on occasion, for combined lung transplant 
and coronary artery bypass graft (CABG).

From a psychosocial standpoint, the evaluation comprises 
careful identification and assessment of risk factors for poor 
outcome and further considering whether these are modifiable 
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or non-modifiable. In practice, this can present some vexing 
clinical scenarios, and collaboration between transplant pul-
monologists, surgeons, and experienced transplant psycholo-
gists and psychiatrists is key to appropriate patient selection.

 Conclusions
Patients with end-stage pulmonary disease who are being 
evaluated for lung transplantation require very careful and 
detailed evaluation aimed at selecting appropriate candi-
dates in order to maximize the chances of a good outcome 
from transplantation. While medical contraindications 
can be a reason for decline, psychosocial barriers to trans-
plantation can be particularly challenging for both the 
patient and the transplant team. On occasion, these may 
raise ethical dilemmas given the limited resource of donor 
organs.
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 Introduction

Pulmonary conditions most frequently leading to lung trans-
plantation include chronic obstructive pulmonary disease 
(COPD), interstitial lung disease (ILD), pulmonary hyper-
tension (PH), and cystic fibrosis (CF). These disorders have 
their unique challenges and psychological adaptations. CF is 
a genetic disease frequently diagnosed at birth; thus individ-
uals grow up incorporating the knowledge about their 
expected  decreased life span and eventual need of lung 
transplantation into their psyches. Growing up with a chronic 
condition like CF, which demands an extensive daily treat-
ment routine, is not infrequently met with growing psycho-
logical pains and rebellion during adolescence and young 
adulthood. The notion of lung transplantation is frequently a 
part of life’s expected course.

On the other hand, with COPD and IPF, the diagnosis and 
discussion of lung transplantation comes much later and more 
suddenly in life. Guilt, shame, and regret might accompany 
the psychological processing for some patients with COPD, 
especially when their disease may be, at least in part, be due to 
past or current psychosocial behaviors (i.e., smoking).

Patients with progressive pulmonary conditions are at 
increased risk for depression and anxiety, which not only 
increase suffering, decrease quality of life (QOL), and make 
adherence to medical treatments and tolerance of physical 
distress more challenging, but also might have a negative 
impact on overall morbidity and mortality before and after 
lung transplantation [1–4].

 Chronic Obstructive Pulmonary Disease

COPD is the most common etiology leading to lung trans-
plantation. It is a common respiratory disorder characterized 
by progressive airflow limitation, associated with increased 
inflammation in airways and lung tissue in response to nox-
ious particles. COPD affects 5% of the population, is respon-
sible for more than 20,000 deaths each year [5], and 
represents approximately 30% of patients undergoing lung 
transplantation (see Chap. 22 for details).

 Epidemiology and Risk Factors of Psychiatric 
Conditions

 Smoking and COPD
Tobacco use disorder has a complicated relationship with 
COPD and various psychiatric conditions. It is the most 
common psychiatric disorder in patients with COPD, with 
incidence of 47.3% in one diverse sample in the United 
States (USA) [6]. Smoking is indeed a significant risk factor 
for development of COPD. In a retrospective study of 8045 
Swedish individuals followed for 25 years, odds ratio (OR) 
for developing clinically significant COPD in smokers as 
compared to non-smokers was 6.3 (95% confidence interval 
(CI) 4.2–9.5) [7]. In fact, 25% of smoking patients developed 
COPD over the 25 years [7].

Smoking also might moderate the relationship between 
other psychiatric disorders and COPD.  Individuals who 
smoke are approximately twice as likely to develop major 
depression [8], which is common in patients with 
COPD. Anxiety predisposes some individuals to use smok-
ing as a coping mechanism [9]. In addition, evidence sug-
gests that patients with schizophrenia are more prone to 
develop COPD [10], likely due to high incidence of smoking 
in this population.
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 Depression in COPD
Depression is diagnosed in 10–57% of patients with stable 
COPD in primary care and respiratory clinics, depending on 
the tools used for screening and diagnosis [11]. In a recent 
systematic review and meta-analysis of 8 controlled studies 
with 5552 individuals with COPD and 5211 controls, 27.1% 
of COPD subjects had incident depression as compared to 
10% of individuals in the control group (OR 3.74) [12]. In 
this meta-analysis, depression was diagnosed with a struc-
tured interview or a validated depression questionnaire.

Risk factors for depression in COPD include severity of 
COPD, current smoking, female gender, living alone, sever-
ity of dyspnea, and severity of physical functioning [11, 13]. 
Patients who require long-term oxygen, are hospitalized for 
COPD exacerbations or were recently discharged from hos-
pital, or undergo palliative care also have increased rates of 
depression [11].

Several factors have been proposed to explain the 
increased prevalence of depression in COPD patients, includ-
ing increased rates of smoking, inflammation, and hypoxia, 
while the strongest influences on development of depression 
in COPD are thought to be the severity of COPD and per-
ceived quality of life (QOL) [11].

Depression increases healthcare utilization, worsens 
adherence to treatments, increases rates of COPD exacerba-
tions and frequency and length of hospital stays, and 
decreases QOL [11, 14, 15]. Depression also decreases sur-
vival in patients with COPD [16, 17]. Of interest, the treat-
ment of depression might decrease mortality in older patients 
with COPD [18].

 Anxiety in COPD
Anxiety is also very common in patients with COPD. In a 
systematic review of 10 studies and 691 subjects, the preva-
lence of clinical anxiety ranged from 10% to 55% among 
hospitalized patients with COPD and from 13% to 46% 
among outpatients with COPD [9]. The reported prevalence 
of specific anxiety disorders varied significantly: generalized 
anxiety disorder was 6–33%, panic disorder (with and with-
out agoraphobia) 0–41%, specific phobia 10–27%, and 
social phobia 5–11%. In this population, women were sig-
nificantly more likely to have a clinical anxiety disorder, par-
ticularly specific phobia and panic disorder [9].

Several pathophysiological mechanisms have been pro-
posed to explain the link between anxiety and COPD. First, 
smoking itself is associated with increased rates of anxiety [19] 
and COPD, as discussed above [7]. Second, symptoms of anxi-
ety/panic overlap with physical symptoms of breathlessness or 
shortness of breath, such as heart palpitations and sensations of 
dyspnea [14]. For some patients, these physical sensations 
exacerbate their sense of anxiety and worry. The sympathetic 
nervous system is activated during episodes of anxiety [14]. In 
response, patients hyperventilate, which makes them feel more 

dyspneic and thus more anxious. This self-perpetuating cycle 
conceptualized as “dyspnea–anxiety–dyspnea cycle” high-
lights how patients’ emotional response to breathlessness exac-
erbates their perception of breathlessness [14].

A parallel model explaining this link is the carbon dioxide 
hyperventilation model, proposing that patients with comor-
bid COPD and panic disorder might be sensitive to even mild 
variations in carbon dioxide [11]. An increase in carbon diox-
ide activates the ventrolateral medulla and locus coeruleus, 
the particular brain areas sensitive to carbon dioxide/hydro-
gen ions. In turn, this activation leads to increases in ventila-
tory rates and panic behavior in predisposed individuals. 

Finally, the cognitive behavior model of panic disorder 
suggests that, in predisposed subjects, normal bodily sensa-
tions are misinterpreted, thus precipitating a panic attack [11]. 
Frequently preceding traumatic events have sensitized patients 
to misinterpretation of such sensations. COPD exacerbations 
can be traumatic and behaviorally sensitize predisposed indi-
viduals to panic responses. This manifests itself in patients 
struggling to discern between normal and dangerous bodily 
and respiratory responses, leading to increased anxiety.

 Severe Mental Illness in COPD
As mentioned above, patients with schizophrenia have 
increased risk of developing COPD with OR of 1.88 [10], 
likely due to high incidence of smoking in this population. In 
a recent Taiwanese sample from medical database claims, 
patients with schizophrenia were found to have a higher 
annual incidence of COPD than that of the general popula-
tion (2.21% vs. 1.43%, risk ratio 1.83; 95% CI, 1.62–2.07) 
[20]. Both extremes of age, as well as male gender, were risk 
factors. In addition to smoking, a sedentary lifestyle and the 
presence of metabolic dysfunction were postulated risk fac-
tors for this increased comorbidity.

Similarly, bipolar disorder might be a risk factor for 
COPD. Again, a Taiwanese medical claims study found that 
patients with bipolar disorder were approximately twice as 
likely to have comorbid COPD, as compared to the general 
population. In this population, risk factors included increased 
age, male gender, hypertension, and the use of second-gener-
ation antidepressant [21].

 Cognitive Disorders in COPD
Cognitive functioning in patients with COPD has been inves-
tigated with a variety of study designs and neuropsychologi-
cal tools [22, 23]. In general, patients with COPD have been 
found to have decreased cognitive functioning, especially in 
areas of attention and memory [24]. In a prospective study of 
1425 participants with normal cognition at baseline and fol-
lowed on average for 5 years, a diagnosis of COPD signifi-
cantly increased the risk for non-amnestic mild cognitive 
impairment (MCI) by 83% (hazard ratio (HR) 1.83; 95% CI, 
1.04–3.23) [25]. There was a dose-response relationship: 
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patients who had COPD for longer than 5 years at baseline 
had the greatest risk for MCI development (HR 1.58; 95% 
CI, 1.04–2.40) and non-amnestic-MCI (2.58; 95% CI 1.32–
5.06). Studies have demonstrated that the prevalence of cog-
nitive impairment is associated with a number of factors, 
including severity of COPD, presence of hypoxemia, and 
duration of illness [22–24].

In addition, cognitive dysfunction can influence informa-
tion processing and treatment adherence [26, 27], both 
important considerations when evaluating patients for lung 
transplantation. It is important to appreciate the patients’ 
cognitive functioning and potential limitations in order to 
adapt transplant teaching to their needs and to timely and 
appropriately engage support systems pre-transplant.

 Treatment of Psychiatric Comorbidities in COPD

 Tobacco Use Disorders
One of the most important psychopharmacological interven-
tions in patients with COPD is treatment of tobacco use dis-
orders. In addition to nicotine replacement therapy (NRT), 
varenicline and bupropion can be effective for smoking ces-
sation. Reassuringly, an English retrospective cohort study 
identified patients with COPD who received a prescription of 
NRT (N  =  10,426), bupropion (N  =  350), or varenicline 
(N = 3574) for smoking cessation [28]. At 6-month follow-
up, neither bupropion nor varenicline was associated with 
any increased risk of cardiovascular (i.e., ischemic heart dis-
ease, stroke, heart failure, peripheral vascular disease, and 
cardiac arrhythmias) or psychiatric (i.e., developing or wors-
ening depression or self-harm) side effects as compared with 
NRT. In addition, varenicline was associated with a signifi-
cantly reduced risk of both heart failure (HR = 0.56, 95% CI 
0.34–0.92) and depression (HR = 0.73, 95% CI 0.61–0.86).

 Depression and Anxiety
As is true with many other medical conditions, there is a lack 
of randomized controlled trials (RCTs) on the effectiveness 
of psychopharmacological agents for the treatment of depres-
sion and anxiety in patients with COPD. Small studies have 
been conducted on the use of tricyclic antidepressants (i.e., 
nortriptyline, doxepin, desipramine) [29–31] and newer anti-
depressants (i.e., paroxetine, citalopram, bupropion) [14, 32, 
33] in patients with comorbid COPD and depression/anxiety 
with conflicting results. While a small study on doxepin in 
patients with COPD did not lead to changes in depression or 
anxiety [30], nortriptyline was found to be safe and effective 
[29]. A small study of paroxetine did not demonstrate its 
benefits in intention-to-treat analysis for quality of life mea-
sures in patients with COPD, but paroxetine was not associ-
ated with adverse respiratory events [32]. Yet another small 
randomized study of 27 COPD patients did not show differ-

ence between citalopram or placebo arms for measures of 
depression, anxiety, or physical functioning; however, citalo-
pram was safe in this patient population [33]. More recently, 
an RCT of 120 patients with COPD and moderate to severe 
depression in China demonstrated improvements in depres-
sion scores on Hamilton Depression Scale (HAM-D), walk-
ing capacity, and QOL measures in patients randomized to 
sertraline as compared to placebo, but it did not demonstrate 
any improvement in lung function [34]. There is also some 
suggestion that sertraline might be helpful in managing the 
sensation of dyspnea in patients with COPD, in subjects with 
or without psychiatric comorbidities [35]. Moreover, a retro-
spective cohort study of Medicare beneficiaries has sug-
gested that adhering to antidepressant treatment in patients 
with newly diagnosed COPD and new-onset depression 
increased adherence to COPD treatments [36].

When selecting agents for treatment of depression and 
anxiety in COPD, it is important to be careful with psycho-
tropic agents that might promote carbon dioxide retention or 
decrease respiratory drive (e.g., benzodiazepines, certain tri-
cyclic antidepressants (TCAs), sedating antipsychotics) [37]. 
Selective serotonin inhibitors (SSRIs) are usually first-line 
treatments (e.g., sertraline, citalopram, escitalopram) due to 
their favorable side effect profile, tolerability, minimal drug-
drug interactions, and effectiveness for both depression and 
anxiety in general psychiatric patients [34, 38]. Mirtazapine 
can be helpful for depression, anxiety, sleep, and appetite, 
but should be monitored for sedation and caution should be 
used in patients who retain carbon dioxide [39]. If needed, 
benzodiazepines with shorter half-life (i.e., lorazepam) can 
be employed on a short-term basis with attention paid to the 
potential risk of respiratory depression, risk of dependence, 
and cognitive side effects [37]. Buspirone can be also consid-
ered given its lack of respiratory depression [37, 39]. In addi-
tion, gabapentin and hydroxyzine can be helpful in patients 
with respiratory conditions for treatment of anxiety [39] 
while monitoring for sedation especially in patients who 
retain carbon dioxide, and with attention to renal clearance.

Dyspnea often presents or is misdiagnosed as anxiety in 
respiratory patients. Those who struggle with treatment-
resistant dyspnea can have some relief with opioid medica-
tions, if the treatment of underlying pathology is not helpful 
[37, 38, 40]. Although there is concern for respiratory 
depression with opioids, the judicious use of low-dose opi-
oids in respiratory patients has not translated into deleteri-
ous effects on blood gases, oxygen saturation, or clinical 
adverse events [40, 41]. In fact, in a study examining co-
management of lung transplant candidates with the pallia-
tive care team treating patients for dyspnea (most patients 
had ILD in this cohort), 92% (N = 59) of referred patients 
were prescribed opioids for dyspnea [41]. Out of these 
patients, 55/59 used the opioids more than once, and 38/59 
were maintained on standing opioids. No opioid toxicity or 
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respiratory depression was reported. In addition, of the 30 
patients who underwent lung transplantation, only 23% still 
used opioids 1 month after discharge from the hospital.

Non-pharmacological interventions have been studied in 
this patient population. Pulmonary rehabilitation and multi-
component exercise can be helpful not only in physical con-
ditioning, which is very important for transplant preparation, 
but also for anxiety and depression treatment [42, 43]. 
Pulmonary and physical therapists frequently are able to 
teach patients techniques on proper breathing to prevent 
hyperventilation, which allows patients to gain greater con-
trol over their anxiety.

Mindfulness-based cognitive therapy, as an adjunct to 
pulmonary rehabilitation, has been shown to decrease anxi-
ety on the Hospital Anxiety and Depression Scale (HADS), 
but had no effect on physical symptoms on the COPD 
Assessment Test [44].

Several studies incorporating cognitive behavioral ther-
apy (CBT) have been conducted in patients with COPD and 
comorbid depression and/or anxiety. A meta-analysis includ-
ing four studies showed a small decrease in symptoms for 
both anxiety and depression [45].

 Interstitial Lung Disease

ILD is a diverse group of conditions resulting in chronic 
inflammation and fibrosis of lung parenchyma. There are 
many forms of ILD, including idiopathic pulmonary fibrosis 
(IPF), hypersensitivity pneumonitis, sarcoidosis, and ILD 
complicating connective tissue diseases (CTD-ILD) [46]. 
ILD is a chronic condition with distressing dyspnea, progres-
sive worsening of exercise tolerance, and decreased life 
expectancy [46]. Symptoms are disabling and invariably lead 
to decreased QOL. Dyspnea in particular is a very distressing 
symptom, associated with increased rates of depression and 
decreased functional status [46]. Approximately a quarter of 
patients undergoing lung transplantation have this group of 
conditions (see Chap. 22).

 Epidemiology and Risk Factors of Psychiatric 
Conditions

 Depression and Anxiety
One of the first studies of depression in subjects with ILD 
identified that 21% of patients had depression using the 
Center for Epidemiological Study Depression (CES-D) mea-
sure, with most patients continuing to experience depression 
symptoms at follow-up, indicating the chronic nature of 
depression in individuals afflicted by ILD [47]. The indepen-
dent predictors of depressive symptoms at baseline included 
dyspnea severity, pain severity, sleep quality, and forced vital 

capacity. A recent study by Matsuda et  al. evaluated the 
effects of depression on health-related quality of life 
(HRQOL) with the St. George’s Respiratory Questionnaire 
(SGRQ) [48]. Out of 121 patients, 22.3% patients had depres-
sive symptoms according to HADS.  In a stepwise multiple 
regression model, Baseline Dyspnea Index, 6-minute walk 
distance (6MWD) test, and HADS-D were found to be inde-
pendent determinants of the total SGRQ score.

In a Korean sample of 112 patients with IPF evaluated 
with HADS, symptoms of depression and anxiety were pres-
ent in 25.9% and 21.4% of patients, respectively [49]. While 
the rate of hospitalization and survival was not different 
between patients with or without depression and/or anxiety 
(possibly due to short period of follow-up and/or lack of 
effective treatments for ILD in general at the time of study), 
patients with depression or anxiety reported poorer QOL.

 Cognitive Disorders
Patients with ILD might also have worse cognitive perfor-
mance, similar to that of other older patients with pulmonary 
conditions, such as COPD. In a study by Bors et al., patients 
with severe IPF had a significantly longer mean trail making 
test B time and lower number of correctly identified colors in 
the Stroop 3 test, as compared to patients with mild IPF or 
healthy controls. Accordingly, these results suggest inferior 
performance on tasks requiring speed divided attention and 
slower processing speed [50].

 Treatment of Psychiatric Comorbidities

Pulmonary rehabilitation programs involving aerobic exer-
cises to improve breathing, education about a patient’s con-
dition, muscle strength improvement, and psychological 
support are important components of treatment in this patient 
population [47].

There have been no studies done on the pharmacological 
treatment of depression or anxiety in patients with 
ILD. However, antidepressants can be used, taking into con-
sideration their side effect profile and drug-drug interactions, 
similar to the guidelines for patients with COPD listed above. 
In general, depressed subjects report more severe dyspnea, 
poorer sleep quality, and worse pain, suggesting that treating 
these symptoms might improve depressive symptoms [46, 
51]. Treatment with antidepressants can be combined with 
psychotherapy [51].

 Cystic Fibrosis

Cystic fibrosis (CF) is the most common autosomal recessive 
life-shortening condition among Caucasians, affecting 
approximately 30,000 individuals in the United States and 
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over 70,000 people worldwide [52]. It is caused by a muta-
tion in CF transmembrane conductance regulator (CFTR) 
gene, with resulting deficiency of sodium, chloride, and 
bicarbonate transport, leading to impairment of mucociliary 
clearance, pulmonary infections, chronic inflammation, and 
progressive lung function deterioration [53]. While the aver-
age life expectancy was just a few months of life in 1950s, 
with significant scientific and clinical advances, the median 
life expectancy now exceeds 40  years [53]. CF represents 
approximately 15% of patients undergoing lung transplanta-
tion (see Chap. 22).

In addition to pulmonary manifestations, CF presents 
with gastrointestinal symptoms (i.e., meconium ileus shortly 
after birth and distal intestinal obstruction syndrome (DIOS) 
in adulthood), pancreatic insufficiency (90% of patients), 
CF-related diabetes (20%), biliary cirrhosis (10%), and 
infertility (most men and 50% of women) [52]. This multi-
system involvement can have a profound effect on QOL, 
self-image, and psychiatric comorbidities [52].

 Epidemiology and Risk Factors of Psychiatric 
Conditions

 Depression and Anxiety
Increased depression and anxiety have been long suspected 
in patients with CF; however, it is the work of Quittner and 
colleagues via The International Depression Epidemiological 
Study (TIDES) that has finally demonstrated its true inci-
dence and effects. TIDES was conducted in 154 CF centers 
spanning nine countries across Europe and the United States 
[54]. In this study, 6088 patients with CF (12 years old and 
older) and 4102 caregivers of children with CF (birth to 
18 years old) were screened for depression and anxiety dur-
ing regular clinic visits using self-report measures (i.e., 
HADS or CES-D). Depressive scores were elevated in 10% 
of adolescents, 19% of adults, 37% of mothers, and 31% of 
fathers of patients with CF. Similarly, anxiety scores were 
elevated in 22% of adolescents, 32% of adults, 48% of moth-
ers, and 36% of fathers. The incidences of these psychiatric 
disorders were 2–3 times of those seen in community sam-
ples. In addition, patients with anxiety were also more likely 
to report depression. Of note, adolescents whose parents 
reported their own depression or anxiety were also more 
likely to report depression or anxiety, accordingly.

Psychological distress in CF has been shown to correlate 
with worse adherence, decreased pulmonary function, 
increased hospitalization risk, reduced health-related QOL, 
and increased healthcare costs [54]. In response to these 
findings, the International Committee on Mental Health in 
CF (ICMH) in the United States and Europe has created 
guidelines advising the screening for depression and anxiety 
of all adolescent and adult patients with CF, as well as the 

caregivers of adolescent patients using the Patient Health 
Questionnaire-9 (PHQ-9) and Generalized Anxiety 
Disorder-7 (GAD-7) screening tools [55]. They recommend 
further evaluation and provision of or referral to appropriate 
mental health services for patients with elevated scores and/
or clinical concerns.

 Treatment

ICMH recommends CBT as one of the first-line treatment 
approaches for the management of depression and anxiety in 
patients with CF [55]. Limited but promising evidence has 
demonstrated efficacy of behavioral interventions for 
improving adherence and nutritional status in child and ado-
lescent patients with CF [56]. A web CBT-based writing 
therapy has been found to be helpful in reducing symptoms 
of depression and anxiety in caregivers of child CF patients 
in a small pilot study [57].

No pharmacological studies on treatment of depression or 
anxiety have been done in the CF patient population so far. 
Of interest, amitriptyline, a TCA and functional acid sphin-
gomyelinase inhibitor, was studied in few small case-control 
trials on its effect on degradation of ceramide in lung cells of 
patients with CF (patients with depression were excluded). 
The use of amitriptyline was well tolerated at a daily dose of 
50 mg and had a favorable effect on increased lung function-
ing and weight gain [58].

Despite the lack of evidence-based treatments of psychi-
atric syndromes in the CF population, the ICMH recom-
mends the use of SSRIs (i.e., sertraline, fluoxetine, 
citalopram, or escitalopram) as first-line pharmacological 
agents in patients requiring pharmacotherapy for depression 
or anxiety [55]. Lorazepam is recommended for distressing 
anxiety, such as anxiety associated with procedures (e.g., 
intravenous line placement), on as needed basis. In addition 
to these recommendations, mirtazapine can be considered 
given its minimal gastrointestinal side effect profile and 
favorable effect on weight gain, often needed in this patient 
population, especially when approaching lung transplanta-
tion [59]. In addition, there is decreased concern for seroto-
nergic toxicity when mirtazapine is coadministered with 
linezolid [60], a monoamine oxidase inhibitor (MAOI) anti-
biotic, used for treatment of some CF exacerbations.

Light therapy has been shown to be helpful for patients 
with depression in general. Of note, not infrequently, patients 
with CF have prolonged hospitalizations, with an associated 
reduction in light exposure, which can further exacerbate 
depressive symptoms. Light therapy has recently been stud-
ied in 30 patients with CF hospitalized for pulmonary exac-
erbation with the use of a light box emitting 10,000  lx for 
30 min each day for 7 consecutive days [61]. The authors 
noted that depressive symptom severity (using Quick 
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Inventory of Depressive Symptomatology, Clinician Rating) 
and QOL factors (Cystic Fibrosis Questionnaire-Revised) 
were decreased with the use of light therapy. In addition, 
these patients had a significantly shorter length of hospital 
stay (11.0 ± 3.6 days) compared to a historical cohort from 
the year prior (13.3 ± 4.4 days, p = 0.038).

An important source of anxiety for patients with CF is 
having to make a decision regarding lung transplantation. 
Although many patients realize that lung transplantation will 
likely be a part of their lives, when the time comes, it is a 
very difficult reality. Some patients may be very conflicted 
about their choice. In a study of 149 patients with advanced 
CF lung disease in Canada and Australia, patients were pro-
vided usual education and counseling about lung transplan-
tation and then randomized to a lung transplantation decision 
aid that they worked through on their own to further under-
stand the benefits versus risks of a referral to lung transplan-
tation, or to usual care [62]. Three weeks after randomization, 
those randomized to the decision tool had more realistic 
expectations about their level of risk for surgery and the 
probabilities of survival with and without surgery, as well as 
decreased total decisional conflict, compared to subjects ran-
domized to usual care. Thus, empowering patients with 
greater knowledge, encouraging further reflection on their 
reality and choices, and taking a systematic approach to this 
decision-making might decrease anxiety regarding consider-
ation of lung transplantation.

 Pulmonary Hypertension

Pulmonary hypertension (PH) is characterized by persistent 
elevation of pressure in the pulmonary arteries and pulmo-
nary vascular resistance leading to right heart failure. These 
patients usually present with exertional shortness of breath, 
fatigue, and chest palpitations. The course is progressive and 
fatal, if untreated.

 Epidemiology and Risk Factors of Psychiatric 
Conditions

 Depression and Anxiety
Patients with PH have many life stressors, including physical 
disability, unemployment, uncertain nature of the disease 
process, and complex, invasive, and costly medical treat-
ments. Important and pervasive themes of living with uncer-
tainty and coping with illness were highlighted in a qualitative 
study by Flattery et al. [63]. Not surprisingly, PH is associ-
ated with significantly elevated depression and anxiety, with 
approximately a third of patients suffering from some mental 
disorder [64–66]. In fact, in a prospective study of 172 
patients with PH, most subjects endorsed some degree of 

psychological distress on measures of PHQ-9 and GAD-7: 
on PHQ-9, 34.8% endorsed mild symptoms (score 5–9), 
13.3% - moderate symptoms (score 10–14), and 7% - serious/
severe symptoms (score 15 and above); and on GAD-7, 
34.8% - mild symptoms (score 5–9), 8.2% - moderate symp-
toms (score 10–14), and 2.5% - serious/severe symptoms 
(score 15 and above) [66]. As expected, the prevalence of 
mental disorders increases with functional impairment and is 
associated with worse QOL in patients with PH [65].

A recent study by Von Visger et  al. of 108 PH patients 
found that any psychiatric disorder, major depression, and 
“other depressive disorder” were present in 29.6%, 15.7%, 
and 9.3% of patients, respectively [67]. In this sample, time 
since diagnosis of PH was positively associated with greater 
perceived social support and greater perceived stress.

 Cognitive Disorders
A small study by White et al. performed neuropsychological 
testing in 46 patients with PH [68]. Cognitive impairment 
was found in 58% of patients, with 57% of patients demon-
strating impaired motor abilities, 40% impaired memory, 
17% slow mental processing speed, 15% executive dysfunc-
tion, and 13% impaired attention. Anxiety, but not depres-
sion, was correlated with worse cognitive functioning. Not 
surprisingly, patients described challenges with activities 
requiring attention, executive functioning, and memory, such 
as mixing medications (i.e., Flolan).

 Treatment

No studies have been done to evaluate the effectiveness of 
pharmacological treatments for depression and anxiety in 
PH; however, interesting literature regarding the effect of 
SSRIs on PH has been emerging.

Given its role in vasoconstriction, some have postulated a 
role of serotonin in the pathophysiology of PH, in particular, 
the serotonin transporter (SERT) [69]. SERT inhibitors, such 
as SSRIs, have been postulated to have a beneficial effect on 
protection against PH and its progression [70]. Animal stud-
ies have lent support to this hypothesis [70]. In addition, a 
retrospective study of 84 patients with PH, 15% of whom 
were taking high affinity SSRIs, reported a 50% reduction in 
mortality in patients on SSRIs, although this was not a statis-
tically significant finding [71]. To further explore this 
hypothesis, Sadoughi et al. analyzed the association between 
SSRI use and PH outcomes using the Registry to Evaluate 
Early and Long-term pulmonary arterial hypertension (PAH) 
Disease Management (REVEAL Registry) [70]. They found 
an elevated risk of death (HR 1.74) and clinical worsening 
of  PH in new users of SSRIs. Conversely, a more recent 
nested case-control study from the United Kingdom found a 
67% increased risk of idiopathic PH in patients using any 
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antidepressant, irrespective of the antidepressant class, sero-
tonin receptor affinity, or duration of use [72]. The study 
authors warned that this effect was thus not causal and may 
represent a common genetic dysregulation in serotonin sig-
naling, thus predisposing patients to both conditions (i.e., PH 
and depression) and thus leading to the use of antidepressant 
agents. This remains an area where current studies are not 
yet able to guide our treatment and where ongoing active 
investigaion is urgently needed. In clinical practice, SSRIs 
remain the first line of pharmacological treatment for depres-
sive and/or anxiety disorders.

Few studies have explored the use of behavioral inter-
ventions for emotional disorders and symptoms in 
PH. Given that these are safe, non-pharmacological inter-
ventions should be enlisted whenever possible. Progressive 
muscle relaxation has been shown to be effective on 
decreasing depression and anxiety and improving QOL in a 
12-week study with PH patients [73]. A combination of 
carefully monitored aerobic and strength-training exercise 
and respiratory training has been shown to increase exer-
cise capacity and QOL of patients with PH [74]. CBT and 
support groups may be also helpful with adjustment to a 
chronic illness and its uncertainties.

 Mental Disorders in Patients Evaluated 
for Lung Transplant and Their Effect on Post-
Lung Transplant Outcomes

Given the high levels of anxiety and depression in patients 
with pulmonary disorders, it is not surprising that the distress 
remains high as patients approach and undergo the lung 
transplant evaluation. In a Norwegian sample of 118 patients, 
74% of whom had COPD, current and lifetime prevalence 
for mental disorders was 41.5% and 61.0%, respectively, 
using the DSM-IV version of the Mini-International 
Neuropsychiatric Interview (MINI) [75]. In particular, cur-
rent anxiety disorders were diagnosed in 39.8% of patients, 
mood disorders in 11.8%, and subsyndromal disorders in 
8.7%. In addition, depression was correlated with worse 
results on lung function tests (P = 0.0012) and 6MWD test 
(P = 0.030).

 Overall Psychosocial Risk

A study by Hitschfeld et al. evaluated the correlation between 
pre-transplant psychosocial risk, as reflected in the 
Psychosocial Assessment of Candidates for Transplantation 
(PACT) score, and post-transplant survival in lung transplant 
recipients [3]. This study included 110 lung transplant recip-
ients evaluated with PACT, 7 of whom (6.4%) initially 
received a score  <2, indicating high psychosocial risk. 

Although all these patients received psychosocial interven-
tions (e.g., smoking cessation, psychiatric treatment, social 
support stabilization) and demonstrated subsequent improve-
ment in PACT score, thus suggesting an improved psychoso-
cial risk, their risk of death was still 2.7 times higher at any 
point post-transplant, as compared to patients with initially 
lower psychosocial risk (PACT 2 and above), over 12 years 
they were followed.

 Depression and Anxiety

An important question in the research and clinical care of 
transplant patients relates to the effect of pre-transplant 
depression and anxiety on post-transplant outcomes. 
Depression and anxiety may make it challenging to process 
important information communicated to patients by their 
healthcare providers, alienate support systems, decrease 
motivation, and impede adherence to complex medical 
treatments.

Courtwright et al. conducted a meta-analysis of six pro-
spective longitudinal cohort studies of lung transplant patients 
[1]. The meta-analysis included a total of 711 lung transplant 
recipients of whom 345 (48.5%) died during the follow-up 
period (mean follow-up time of 7.8 years). Most of the stud-
ies included in this analysis treated depression and anxiety as 
a continuous variable measured by such tools as the Beck 
Depression Inventory (BDI) or the State-Trait Anxiety 
Inventory (STAI). The authors concluded that in this patient 
population, pre-transplant anxiety and depression were not 
associated with post-transplant survival with a hazard ratio of 
1.009 (95% CI, 0.998–1.019). However, there are important 
limitations to these findings. First, authors were unable to 
assess whether, as part of the listing process, patients with 
anxiety and/or depression were required to engage in appro-
priate mental health treatment, which could have then less-
ened or negated the effect of these disorders on post-transplant 
survival. In practice, patients identified as having anxiety or 
depression during the pre-transplant evaluation process are 
referred to an appropriate mental health practitioner and 
expected to receive necessary support and interventions. In 
addition, as the authors of the study indicated, no data was 
available on patients whose anxiety or depression were so 
severe as to prohibit lung transplant candidacy altogether. A 
separate retrospective study by Courtwright did find that pre-
transplant anxiety was associated with an increased number 
of hospitalizations within the first year after lung transplanta-
tion [2].

A later study of 273 lung transplant recipients by Smith 
et al. found that pre-transplant clinical depressive symptoms, 
as measured by BDI-II scores, were present in 21% of patients 
[76]. They also found that greater pre-transplant depressive 
symptoms, as well as lower social support, were associated 
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with longer post-transplant hospital stay. In patients with hos-
pital stay greater than 1 month, pre-transplant depression tri-
pled the risk of mortality (HR = 2.97). In addition, patients 
with pre-transplant depression who had persistent symptoms 
3 months after lung transplant surgery also experienced greater 
mortality (HR = 1.85; 95% CI, 1.04, 3.28; P = 0.036) [4].

This study illustrates what likely plays out in the clinical 
practice of lung transplant patients. When patients do well 
postoperatively from a surgical and medical perspective, 
they experience an emotional “honeymoon phase.” However, 
if medical complications occur with an associated prolonged 
hospital stay, patients with pre-transplant depression are 
more likely to experience demoralization, which further 
dampens their motivation and complicates recovery, with 
potential adverse effects on their survival. Poor social sup-
port further exacerbates this negative connection.

In addition, pre-transplant depression and anxiety have 
been shown to increase levels of post-lung transplant surgery 
pain [77]. Therefore, patients with pre-transplant anxiety and 
depression should have access to vigilant ongoing evaluation 
and mental health support during the post-transplant period.

 Tobacco and Alcohol Use in Patients Evaluated 
for Lung Transplant

A study by Evon et al. evaluated 219 patients (116 CF, 103 
non-CF) to assess tobacco and alcohol use during and imme-
diately post-lung transplant evaluation, using patient self-
report and corroboration by transplant coordinators [78]. The 
results indicated that 72% of non-CF patients and 16% of CF 
patients reported a remote history of cigarette smoking, 
while no CF and only one non-CF patient reported smoking 
at the time of the pre-transplant evaluation. In CF patients, 
past smoking was related to higher depression scores, while 
in non-CF patients, it was associated with being Caucasian 
and older. Of note, in this study, 100% of lung transplant 
recipients in a parallel separate sample reported abstinence 
from tobacco 2–7 years post-transplant.

A different picture is painted by a Czech Republic study of 
lung transplant candidates and recipients who were moni-
tored with urinary cotinine levels (163 patients prior to inclu-
sion on lung transplant list and 53 lung transplant recipients) 
[79]. Prior to listing, 4.9% of patients had at least one positive 
urinary cotinine test, while 6.1% of patients had borderline 
results. During post-transplant follow-ups, 15.1% had posi-
tive cotinine test, with an additional 3.8% of patients having 
borderline results. Patients with COPD were 35 times more 
likely to resume smoking post-transplant, with 38.5% (10/26) 
having positive or borderline urinary cotinine levels.

In a study by Vos et al., several factors were associated 
with a risk of smoking resumption post-lung transplant, 
including shorter cessation period prior to transplantation, 

lower socioeconomic status, exposure to secondhand smoke, 
emphysema, and death of a spouse [80]. A shorter pre-trans-
plant abstinence from tobacco corresponding to higher risk 
of tobacco relapse post-lung transplant was corroborated by 
a different study, where patients who relapsed on tobacco 
post-lung transplant had on average 1  year of abstinence 
pre-transplant as compared to 6  years of abstinence for 
patients who did not relapse (p < 0.0001) [81]. These find-
ings highlight the importance of psychosocial interventions 
pre-transplant and of continued monitoring and ready avail-
ability of resources and ready availability of resources dur-
ing the post-transplant period.

Alcohol use and its effects on outcomes have not been 
well studied in the lung transplant population. Evon et  al. 
demonstrated that the majority of patients (80% and above) 
consumed alcohol in the past, and a third of all patients con-
sumed alcohol at the time of evaluation [78]. For CF patients, 
past alcohol consumption was associated with more educa-
tion and less social support, while alcohol consumption at 
the time of transplant evaluation was associated with being 
older and being less depressed. Non-CF patients who were 
consuming alcohol at the time of their evaluation tended to 
be more educated and had marginally less social support. In 
a parallel separate sample within this study, 60% of lung 
transplant recipients reported abstinence from alcohol 
2–7 years after transplantation.

Lowery et al. recently conducted a study on alcohol use 
among lung transplant candidates, using self-report mea-
sures at the time of pre-transplant evaluation, as well as the 
Alcohol Use Disorders Identification Test (AUDIT) and 
alcohol biomarkers at the time of lung transplant surgery 
[82]. The study included 86 patients, 34% of whom reported 
current alcohol use at the time of evaluation, 13% having 
AUDIT scores >3 at the time of lung transplant surgery, and 
10% having positive results for alcohol biomarkers at the 
time of transplantation. Only one patient had an AUDIT 
score > 8 [12], indicating serious alcohol misuse. The authors 
found that patients with recent alcohol use, as evidenced by 
biomarkers, had 1.5 times longer hospital stay, 3 times lon-
ger ventilation time, and 3 times longer ICU stay. Although 
there was no difference in primary graft dysfunction between 
those with and without recent alcohol use, several patients 
with recent use had post-LT surgery atrial arrhythmias, acute 
kidney injury, and acute cellular rejection.

 Cognitive Disorders in Lung Transplant 
Candidates

In a study of 47 lung transplant recipients who received pre- 
and post-transplant neuropsychological examinations, on 
average participants performed in the 30th percentile on the 
Repeatable Battery for the Assessment of Neuropsychological 
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Status (RBANS), in the 30th percentile on the Trail Making 
Test part B, and in the 31st percentile on Trail Making Test 
part A on their pre-transplant evaluation. Twenty-one patients 
(45%) were determined to have neurocognitive impairment 
before transplant based on MoCA scores <26, which 
occurred exclusively in patients without CF [83]. Lower 
executive function (hazard ratio [HR] = 1.09, P = 0.012) and 
memory performance (HR = 1.11, P = 0.030) were indepen-
dently associated with greater mortality following lung 
transplantation [4].

Some of the mechanisms leading to increased cognitive 
disorders in patients with progressive lung conditions include 
hypoxemia, hypercapnia, age, severity of respiratory disease, 
frequency of respiratory exacerbations, smoking, and inflam-
mation [23]. It is important to appreciate these cognitive 
deficits in lung transplant candidates to ensure that patients 
have the appropriate education, organization, and psychoso-
cial support needed. It is also important to understand that 
these patients are at increased risk for post-lung transplant 
delirium [84], thus allowing for the use of appropriate pro-
phylactic measures and the education of patients and their 
families.

 Other

An interesting study evaluated whether a history of child-
hood physical or sexual abuse was associated with post-lung 
transplant survival [85]. Thirty-three lung transplant recipi-
ents (35.5% male; median age, 55 years) were included in 
this study. A history of childhood physical or sexual abuse 
(grouped together) was present in 24.2% and was associated 
with decreased survival following lung transplantation 
(P = 0.003). Although there was no difference in sex, mari-
tal status, or smoking history between patients who reported 
history of abuse versus those who did not, abuse survivors 
had a higher Personality Assessment Screener total score, a 
measure of maladaptive personality traits (P = 0.02). This 
finding requires further study but alerts clinicians to poten-
tially high history of abuse in lung transplant candidates and 
recipients and its important link to formation of maladaptive 
personality traits and increased mortality. History of prior 
trauma, such as abuse, also predisposes patients to greater 
risk of developing PTSD if another traumatic event occurs 
[86]. Thus, patients with prior abuse history should be more 
vigilantly monitored for PTSD-T after the transplant.

 Conclusions and Recommendations

Anxiety and depression are common in patients with chronic 
and end-stage pulmonary disorders and individuals under-
going lung transplant evaluation. They affect the patient’s 

QOL, morbidity pre-lung transplant, and potentially out-
comes after lung transplantation. Tobacco use disorders are 
prevalent, especially in a specific subset of lung transplant 
candidates (i.e., patients with COPD), and some characteris-
tics (i.e., COPD, shorter abstinence from tobacco) are risk 
factors for post-transplant recurrence. Finally, cognitive 
dysfunction can accompany progressive respiratory 
deterioration.

Thus, few recommendations can be made based on above 
literature and clinical experience:

 1. Patients with progressive respiratory conditions and those 
being evaluated for lung transplantation should be evalu-
ated for depression and anxiety. Non-pharmacological 
treatments, such as pulmonary rehabilitation and psycho-
therapy, should be utilized whenever possible. 
Psychopharmacological treatments should be considered 
with careful risk-benefit analysis, paying attention to the 
available evidence base, potential of medications to sup-
press respiration in those who retain carbon dioxide, side 
effects, drug-drug interactions, and additional positive 
effects of the medications.

 2. Patients should be asked about and monitored for the use 
of tobacco. Those with tobacco use disorders should be 
referred to appropriate behavioral and pharmacological 
interventions. Monitoring should be continued postopera-
tively, and again patients should be offered needed educa-
tion and support.

 3. Patients should be evaluated for cognitive disorders. 
Reversible additional contributing factors should be 
evaluated and eliminated (e.g., medications, hypoxia, 
deconditioning, thyroid dysfunction, vitamin B12 defi-
ciency, etc.). Education should be tailored according to 
patient’s cognitive status. Family and support system 
should be engaged and educated. Patients and their fam-
ilies should be in particular educated on the risk of post-
operative delirium, increased in patients with 
pre-transplant cognitive dysfunction.
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Extracorporeal Membrane 
Oxygenation: Medical 
and Psychological Considerations

Joshua J. Lee and Joshua J. Mooney

Introduction

Extracorporeal membrane oxygenation (ECMO) is a form of 
extracorporeal life support (ECLS) for patients with severe 
respiratory and/or cardiac failure. It consists of an extracorpo-
real system that allows for carbon dioxide removal, oxygen 
delivery, and/or cardiac support. While first successfully used 
in 1971 for the treatment of refractory hypoxemic respiratory 
failure, its acceptance as a salvage therapy for respiratory fail-
ure was slowed by early trials that demonstrated no benefit 
compared to conventional management [1–3]. However, tech-
nological advancements and later demonstration of improved 
mortality in acute respiratory failure with specialty center-
directed ECMO use have led to increased use of ECMO 
worldwide as a supportive therapy for severe respiratory and/
or cardiac failure [4]. As of 2016, the extracorporeal life sup-
port registry reported 10,601 cases of adults receiving ECLS 
with a record 2,046 cases reported in 2015 [5].

 Indications for Use

With advancement in ECMO technology and increased 
experience, the role of ECMO has evolved, and it is currently 
used to support patients with advanced respiratory and/or 
cardiac failure to either recovery, cardiothoracic transplant, 
or a decision on transplant candidacy.

 Respiratory Failure

ECMO can be employed in cases of severe hypoxemic or 
hypercapnic respiratory failure, including cases of acute 
respiratory distress syndrome (ARDS), post-transplant pri-

mary graft dysfunction (PGD), obstructive lung disease-
related hypercapnic respiratory failure, decompensated 
pulmonary hypertension, acute pulmonary embolism, and 
progression or exacerbation of end-stage lung disease such 
as pulmonary fibrosis. Criteria for ECMO consideration vary 
by center, but PaO2/FIO2 < 100 despite receiving appropriate 
positive end-expiratory pressure (PEEP), uncompensated 
hypercapnic respiratory failure (pH < 7.15), and high end-
inspiratory plateau pressure (>35–45 cm of water) are gen-
eral indications for ECMO use [6]. Relative contraindications 
to ECMO use include advanced age greater than 65 years, 
limited vascular access, multi-organ dysfunction, advanced 
malignancy or neurologic impairment, contraindication to 
systemic anticoagulation, frailty with poor rehabilitation 
potential, or an irreversible terminal condition not amenable 
to transplant [6–8].

In select cases, ECMO is used as a bridge to lung recov-
ery if the etiology of the respiratory failure is thought to be 
reversible (i.e., ARDS, PGD, acute pulmonary embolism). 
Early data for the use of ECMO as a bridge to lung recovery 
in refractory respiratory failure demonstrated no survival 
benefit and frequent complications [2]. However, data from 
the Conventional Ventilatory Support Versus Extracorporeal 
Membrane Oxygenation for Severe Adult Respiratory 
Failure (CESAR) trial in patients with severe ARDS sug-
gested increased survival and lung recovery with referral to 
an ECMO specialty center for ECMO consideration [4]. 
Notably, the CESAR study was limited by the fact that not all 
patients in the ECMO therapy arm received ECMO support 
and that no standard mechanical ventilation strategy was 
used in the conventional control arm. Additional worldwide 
experience from ECMO use in influenza-related ARDS sup-
ports potential efficacy of ECMO in severe hypoxemic respi-
ratory failure, particularly in younger and more severely 
hypoxemic patients [9–11]. The improved outcomes, com-
pared to historic studies, are likely secondary to better 
ECMO technology, greater center expertise in ECMO and 
non-ECMO medical care, and careful patient selection. 
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Therefore, while ECMO should be carefully considered as a 
salvage therapy in severe ARDS, further work is needed to 
confirm the efficacy of ECMO in severe ARDS and other 
causes of acute respiratory failure and in what patient popu-
lation it is most appropriate.

Others cases of severe respiratory failure are secondary to 
irreversible progression of an underlying advanced lung dis-
ease. With the scarcity of donor lungs and the growing num-
ber of patients on the lung transplant waitlist, ECMO can 
serve as a bridge to lung transplant in patients who have pro-
gressive respiratory failure while actively on the transplant 
waitlist or while determining their lung transplant candidacy 
[7, 8, 12]. A number of single-center studies support the use 
of ECMO as a bridging strategy to lung transplant with cen-
ters who routinely employ awake and/or ambulatory ECMO 
demonstrating comparable post-transplant outcomes to non-
ECMO bridged recipients [13–15]. US lung transplant regis-
try data have also provided insight into candidate and center 
factors associated with post-transplant outcomes following 
pre-transplant ECMO use. The busyness of a lung transplant 
center is associated with the risk of post-transplant mortality 
after an ECMO bridge to transplant with a higher risk of 
1-year mortality at low-volume transplant centers compared 
to high-volume centers [16]. Advanced age was also associ-
ated with an increased risk for post-transplant mortality fol-
lowing ECMO support with candidates ≥60  years of age 
demonstrating an increased mortality risk, while no increased 
risk was noted in those <40  years [17]. A recommended 
approach to determining lung transplant candidacy from 
ECMO support is to first assess whether they meet generally 
acceptable lung transplant criteria and then second to assess 
whether they are also a reasonable transplant candidate from 
ECMO.  The International Society of Heart and Lung 
Transplantation has produced a consensus document that 
highlights recipient criteria along with absolute and relative 
contraindications to lung transplant and provides additional 
recommendations on generally reasonable candidates for an 
ECMO bridge to transplant [7]. Younger age patients with 
good rehabilitation potential and without multi-organ dys-
function, septic shock, vascular occlusive disease, contrain-
dication to systemic anticoagulation, prior prolonged 
ventilation or immobility, or obesity are preferred candidates 
for an ECMO bridge to transplant [7, 8]. The acceptable 
duration of ECMO support prior to lung transplant is unclear, 
and the allowed duration should be determined by assess-
ment of baseline and current medical contraindications, 
nutritional status, and physical rehabilitation status.

ECMO in the post-lung transplant setting is most fre-
quently used in patients with significant PGD.  PGD is an 
ischemia-reperfusion-related lung injury that results in bilat-
eral radiographic lung infiltrates and hypoxemia, with the 
severity of PGD determined by the degree of hypoxemia 
[18]. In PGD with severe hypoxemia (PaO2/

FIO2 < 100 mmHg) not responsive to standard mechanical 
ventilation and pulmonary vasodilation therapy, ECMO is 
generally recommended, particularly in the presence of con-
current hypercapnia and/or right ventricular dysfunction 
[19]. Single-center use of ECMO for post-lung transplant 
PGD reported that 96% of patients were successfully weaned 
off ECMO with 64% alive at 1 year and 88% of survivors 
free from chronic lung allograft dysfunction at 3 years [20].

 Cardiac Failure

ECMO can be used to provide hemodynamic support in car-
diac failure or cardiogenic shock that is refractory to inotro-
pic support or unsuitable for other mechanical circulatory 
support devices. Similar to respiratory failure, ECMO can be 
used to facilitate bridge to recovery, to long-term mechanical 
circulatory support (MCS) device implant, to cardiothoracic 
transplant, or to a decision on heart transplant candidacy. The 
indications for ECMO in cardiac failure continue to evolve 
and range from supporting those with a failure to wean from 
cardiopulmonary bypass after cardiac surgery to use for sup-
porting cardiopulmonary resuscitation (CPR) [21]. The use 
of ECMO-supported CPR has been associated with improved 
survival following in-hospital cardiac arrest as compared to 
use of conventional CPR alone [22]. Despite the availability 
of long-term MCS devices for cardiac failure, ECMO is 
often preferable in the acute setting to stabilize the patient 
and allow assessment of transplant or MCS candidacy, par-
ticularly if multi-organ or pulmonary involvement is 
present.

 ECMO Configurations and Gas Exchange

Although a number of possible configurations exist, the 
extracorporeal system is characterized by a drainage 
cannula(s) where blood flows via a pump from the patient to 
a gas exchange device, a membrane gas exchange device 
where oxygen delivery and carbon dioxide removal occur, 
and a reinfusion cannula(s) that returns blood to the patient. 
The configurations largely differ based upon whether the 
reinfusion cannula returns blood to the arterial (venoarterial, 
VA) or venous (venovenous, VV) circulation and how many 
cannulas are used to achieve cardiorespiratory support.

 Venovenous (VV) ECMO

Venovenous (VV) ECMO is most commonly used in the set-
ting of hypoxemic or hypercarbic respiratory failure without 
cardiac dysfunction as VV ECMO only provides gas exchange 
support, and any circulatory support is augmented as needed 
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by conventional therapies. In this configuration deoxygenated 
blood is withdrawn from the central venous system and 
returned to the central venous system after passing through an 
oxygenator for oxygen uptake and carbon dioxide removal. 
Traditional venovenous ECMO involves multisite cannula-
tion, commonly a femoral vein drainage cannulation located 
within the inferior vena cava and an internal jugular reinfu-
sion cannula that returns oxygenated blood to the right atrium. 
This cannulation configuration can result in a recirculation 
phenomenon where the reinfused oxygenated blood is drawn 
immediately into the drainage cannulation instead of the sys-
temic circulation. A newer single-site dual-lumen cannula has 
been developed that allows for a single internal jugular can-
nula that spans from the superior vena cava to the inferior 
vena cava. This cannula has drainage ports in the superior and 
inferior vena cava and a reinfusion port in the right atrium 
directed at the tricuspid valve. The advantages of this catheter 
include the lower theoretical risk for recirculation phenome-
non and easier facilitation of physical therapy and ambulation 
given the absence of femoral cannulation.

 Venoarterial (VA) ECMO

Venoarterial (VA) ECMO provides both respiratory and 
circulatory support. In VA ECMO, blood is traditionally 
withdrawn by a femoral vein drainage cannula, passed 
through a membrane oxygenator, and returned through a 
femoral arterial reinfusion cannula. This approach is lim-
ited by the need for retrograde flow of blood from the rein-
fusion cannula up the descending aorta, which can increase 
afterload and worsen cardiac function or ultimately be 
inadequate to reach the aortic arch for coronary and cere-
bral circulation. In this setting, the addition of venous rein-
fusion cannulas to deliver oxygenated blood 
(venoarterial-venous, VAV) or the use of more centrally 
located cannulation can be used.

 ECMO Gas Exchange

Gas exchange occurs within the membrane oxygenator, 
which consists of a semipermeable membrane separating the 
extracorporeal blood from a sweep gas. Oxygen transfer is 
determined by the amount of blood flow across the oxygen-
ator and the fraction of oxygen delivered in the sweep gas 
(FDO2). While the FDO2 can be readily adjusted to deliver 
100% oxygen, further maximization of systemic oxygen-
ation focuses on improving cardiac output, ensuring an ade-
quate hemoglobin level for oxygen delivery, and maximizing 
blood flow through the circuit. Factors that influence the cir-
cuit blood flow, including cannula size and location, pump 
revolutions per minute, pressure within the venous drainage 

cannula, and resistance within the reinfusion cannula, are 
carefully assessed and optimized to enable optimal circuit 
blood flow. Given the efficiency for carbon dioxide diffusion 
across the membrane, the removal of carbon dioxide is prin-
cipally determined by the sweep gas flow rate with higher 
flow rates allowing greater carbon dioxide removal.

 Management of the Patient on ECMO

 Ventilator Strategies

The ability to minimize or even discontinue mechanical ven-
tilation support should be assessed once on stable ECMO 
support. The use of mechanical ventilation in respiratory 
failure can directly contribute to lung injury through overdis-
tension of lung alveoli and atelectrauma from the repeated 
opening and closing of lung alveoli [23]. The use of lung 
protective ventilation, specifically a tidal volume of less than 
6 ml/kg of predicted body weight and a plateau pressure of 
30  cm of water or less, reduces mortality in patients with 
ARDS [24]. While the optimal ventilation strategy for 
ECMO patients remains controversial, the majority of 
ECMO programs target a tidal volume of ≤6 ml/kg of pre-
dicted body weight with a positive end-expiratory pressure 
of 6–10 cm of water while decreasing the fraction of inhaled 
oxygen as clinically allowed [25]. The use of even more con-
servative lung protective strategies, including tidal volumes 
of ≤4 ml/kg of predicted body weight, was reported by 31% 
of ECLS registry programs and has been reported in the lit-
erature [26–28]. Those with an ongoing need for mechanical 
ventilation support should be considered for early tracheos-
tomy to help facilitate active rehabilitation and minimize 
sedation.

 Anticoagulation

Patients on ECMO require systemic anticoagulation to pre-
vent thrombosis formation within the circuit and are care-
fully monitored for bleeding and thrombosis. Guidelines by 
the Extracorporeal Life Support Organization (ELSO) rec-
ommend a bolus of unfractionated heparin at the time of 
cannulation followed by a continuous infusion of heparin 
during ECMO support [29]. There are several tests that 
measure the efficacy of anticoagulation, including the acti-
vated clotting time (ACT), activated partial thromboplastin 
time (aPTT), thromboelastography, and anti-factor Xa lev-
els, with the monitoring method and therapeutic range 
varying by center and tailored to the individual risk of 
thrombosis and bleeding. In the setting of contraindications 
to unfractionated heparin, direct thrombin inhibitors have 
been used.
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 Rehabilitation

Patients on mechanical ventilation and/or ECMO support are 
at risk for development of neuromuscular weakness and 
deconditioning from prolonged immobility. Exercise capac-
ity pre-lung transplant is an established predictor of waitlist 
survival irrespective of the underlying lung disease and is 
associated with post-transplant outcomes including length of 
stay and survival [30–34]. Thus, optimizing physical condi-
tioning prior to lung transplantation is an important compo-
nent of maximizing post-transplant success. ECMO can 
support the transition of a patient to an awake state through a 
reduction in sedation and mechanical ventilator support and 
thereby facilitate a physical rehabilitation program consist-
ing of active ambulation and strengthening exercises. 
Ambulatory ECMO programs that provide active rehabilita-
tion and physical therapy support have reported favorable 
outcomes including reduced mortality and length of stay in 
single-center studies [14, 15, 35–39]. Implementing an 
ambulatory ECMO program requires multidisciplinary 
teamwork with support from physical therapists, nurses, 
respiratory therapists, physicians, and perfusionists. 
Although ambulatory ECMO is associated with reduced hos-
pital costs compared to non-ambulatory ECMO [40], the 
heavy resource utilization and multidisciplinary effort to 
maintain an ambulatory ECMO program has limited wide-
spread adoption of ambulatory ECMO, particularly in lower 
volume ECMO centers.

 Psychological Considerations

Delirium is commonly encountered in critically ill patients 
and is associated with adverse short-term and long-term 
outcomes. Similarly delirium is frequently encountered in 
ECMO-supported patients, and the prevention, recognition, 
and management of delirium are important for optimizing 
alertness and facilitating rehabilitation [41, 42]. Delirium 
prevention and management strategies are extrapolated 
from other critical care settings and include limiting benzo-
diazepines use; normalizing sleep-wake cycle; removing 
unnecessary support devices, catheters, and restraints; and 
correcting electrolyte and nutritional deficiencies.

The experience of being on ECMO, along with the mor-
bid medical circumstances that necessitate using this rescue 
intervention and the ICU environment, can be very anxiety 
producing and terrifying to patients. In a qualitative study of 
ten long-term ECMO survivors, subjects described their 
traumatic memories of rapid deterioration and crisis before 
the initiation of ECMO.  Six themes were summarized 
including dealing with crisis, critical care, memory, role of 
significant others, and existence today and tomorrow. 
Patients reported deconditioning and patchy factual memo-

ries contrasting with detailed delirious memories and para-
noid ideations [43].

Psychological considerations and management in ECMO 
patients also extend beyond the critical care setting to long-
term care. Long-term psychiatric assessment of ECMO sur-
vivors has identified that 71% have a chronic mental health 
disorder with 39% developing a new psychiatric disorder fol-
lowing ECMO support [44]. These disorders included 
organic mental (18%), obsessive-compulsive disorders 
(OCD) (15%), and/or post-traumatic stress disorder (PTSD) 
(11%). On follow-up, ECMO patients reported high levels of 
distress, physical aggression, anger, and alexithymic traits. 
Similarly, other observational studies have demonstrated 
high rates of adverse mental health outcomes following 
ECMO, including the development of post-traumatic stress 
symptoms and PTSD, perhaps related to increasing emphasis 
on maintaining an awake state and ongoing exposure to a 
number of PTSD risk factors [43, 45]. In fact, one observa-
tional study noted PTSD symptom burden has been reported 
in up to 41% of long-term survivors of ECMO [43]. Notably, 
the risk for PTSD following ECMO support was seen in both 
patients and their caregivers [43]. The role of a psychiatrist 
and other mental health providers in the multidisciplinary 
management of ECMO patients and the utility of psycho-
logical interventions to improve short- and long-term out-
comes warrant ongoing study.

 Conclusions
Extracorporeal membrane oxygenation can provide 
advanced life support to those with severe cardiac or 
respiratory failure. The indications for ECMO have 
evolved over time and can be implemented in carefully 
selected patients with acute reversible cardiorespiratory 
failure as a bridge to recovery or as a bridge to long-term 
mechanical circulatory support or cardiothoracic trans-
plant in select patients with irreversible cardiorespira-
tory disease. Optimal use of ECMO requires a 
multidisciplinary team to monitor and manage comor-
bidities and complications, including frequently encoun-
tered psychological disorders, and to facilitate active 
rehabilitation.
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History of Lung Transplantation

Kapil Patel and David Weill

 Early Surgical History

In 1947, Vladimir P.  Demikhov performed the first experi-
mental lung transplant in dogs. Over the next few decades, 
numerous accomplished surgeons performed experimental 
lung transplants which resulted in improved surgical tech-
niques and better understanding of cardiopulmonary physiol-
ogy. Hardy et  al. [2] performed approximately 400 
experimental canine lung transplants before performing the 
first lung transplant on June 13, 1963, at the Medical Center 
of the University of Mississippi. The patient survived 17 days, 
dying from renal failure and infectious complications. Until 
1983, approximately 40 lung transplants were performed 
with survival varying from hours to days. However, on 
November 14, 1968, Derom et al. [3] performed a single left 
lung transplant in a 23-year-old man with silicosis, surviving 
10 months and dying from infectious complications (pneu-
monia from Pseudomonas and Candida). In 1983, Dr. Cooper 
of Toronto General Hospital performed the first single-lung 
transplant resulting in long-term survival of approximately 
7 years, in a patient with pulmonary fibrosis [4]; in 1986, Dr. 
Patterson performed a double-lung transplant in a patient 
with emphysema [5], with a survival of nearly 16 years.

In the 1990s, Starnes [6] performed the first living (right 
lobar) donor transplant in a 12-year-old child with broncho-
pulmonary dysplasia at Stanford University Medical Center.

Heart-lung transplantation was first performed in 1968 by 
Cooley at Texas Children’s Hospital [7] in a 2.5-month-year- 
old girl with pulmonary hypertension, surviving only 
14 hours. At various institutions, three combined heart-lung 
transplants were performed over years with poor survival. 

The first long-term survivor from a combined heart-lung 
transplantation was performed at Stanford on March 9, 1981, 
by Reitz [8] for primary pulmonary hypertension surviving 
5 years.

Over the decades, the field of lung transplantation has 
overcome major obstacles including surgical techniques, 
immunosuppressant regimen, lung donor preservation, and 
infectious prophylaxis. However, lung transplantation as a 
viable treatment option for end-stage lung diseases lagged 
behind other organ transplantations for many years.

 Airway Complications 
and Immunosuppression

During the initial years of lung transplantation, dating back 
to the 1940s, experimental lung transplants were unsuccess-
ful primarily related to airway dehiscence, reported at a 
60–80% complication rate [9, 10]. Airway complications, 
primarily due to dehiscence of the bronchial anastomosis, 
continued to be a leading issue related to significant morbid-
ity and mortality. The initial theory was that ischemia of the 
donor bronchus was due to the lack of restoration of the arte-
rial systemic blood supply (bronchial arteries) at the time of 
transplantation. Therefore, it became clear that the viability 
of the donor bronchus was initially dependent upon retro-
grade collaterals from the pulmonary arteries (less oxygen-
ated blood). Various centers introduced the possibility of 
bronchial artery revascularization with successful outcomes 
[11, 12]. However, given the technical difficulties leading to 
longer operative time, this technique has not been univer-
sally accepted, and large series are lacking. In addition, bron-
chial artery regeneration was evident in experimental lung 
transplants in canine models [13, 14].

Over the ensuing decades, other complications, including 
infections and lack of proper immunosuppressant regimen, 
continued to plague the field of lung transplantation [15]. 
With the advent and success with the use of cyclosporine in 
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renal transplant, there was a renewed interest in advancing the 
field to lung transplant [16]. The Toronto Lung Transplant 
Group, led by Cooper and colleagues, began canine experi-
mental lung transplants to investigate risk factors that were 
felt to be major contributors to bronchial dehiscence [17]. 
Initial immunosuppressant regimens included azathioprine 
and corticosteroids. In 1981, early practitioners discovered 
that steroids led to poor bronchial healing with no effect from 
the azathioprine [18]. Reitz and colleagues performed the 
first successful heart-lung transplantation using cyclosporine, 
azathioprine, and prednisone [8]. Introduction of cyclospo-
rine to the standing regimen of azathioprine and lower dosing 
of prednisone allowed the success of five single- lung trans-
plants with idiopathic pulmonary fibrosis with no patients 
dying of airway complications [19]. In addition, Cooper and 
colleagues used omentopexy, a surgical procedure whereby 
the suture of the omentum to another organ increases arterial 
circulation, to improve bronchial collateral circulation and 
possibly alleviate narrowing distal to the airway anastomosis 
which was thought to be related to ischemia.

With success from single-lung transplants, Patterson et al. 
evaluated the possibility of en bloc double-lung transplant 
using omentum wrapped around the tracheal anastomosis 
[20, 21]. However, due to high rate of tracheal anastomosis 
necrosis, there was a 25% mortality, and 20% of patients 
developed delayed airway stenosis requiring intervention. 
This technique was, therefore, abandoned. Complications 
related to gastrointestinal ischemia with omental wraps, and 
other alternative surgical techniques using intercostal muscle 
or peribronchial tissue anastomosis wrap, did not gain trac-
tion within the field. With the advent of end-to-end anasto-
mosis with excision of the donor bronchus just proximal to 
the takeoff of the upper lobe bronchus, near the secondary 
carina, airway complications were significantly reduced [22, 
23]. Bilateral sequential lung transplantation was introduced 
by Kaiser and colleagues with minimal airway complica-
tions and significantly reduced early morbidity and mortal-
ity, similar to single-lung transplant procedures [24].

 Preservation Solutions

Since the beginning of lung transplantation, donor lung pres-
ervation has been an instrumental element leading to more 
successful outcomes. Proper preservation of organs resulted in 
full physiological and biochemical function after transplanta-
tion by maintaining the anatomical barriers (e.g., alveolar- 
capillary barrier). Historically, intracellular fluid (e.g., 
Euro-Collins solution and University of Wisconsin solution) 
composition had been utilized for the preservation of donor 
lungs, as derived from the kidney and liver transplant experi-
ence. Through experimental animal models, Fukuse et al. con-
cluded that standard Euro-Collins solution, containing high 
potassium concentration, compared to modified Euro-Collins 

solution (low potassium concentration) resulted in significant 
elevation in pulmonary vascular resistance, leading to possible 
damage to the vascular endothelium, further increasing the 
risk for ischemic reperfusion injury [25]. Further studies con-
cluded that low-potassium dextran solution leads to improved 
preservation solution organ flush and ischemic storage [26]. 
Improvements in preservation solutions have led to reduced 
primary graft dysfunction. Okada et al. reviewed five clinical 
trials (four retrospective and one prospective non-randomized 
study) and concluded that low-potassium dextran solution was 
superior to Euro-Collins solution in graft preservation and 
early graft function [27].

 Cytomegalovirus Prophylaxis

Historically, cytomegalovirus (CMV) has been an important 
contributor to morbidity and mortality in lung transplant 
recipients. It is important to differentiate CMV infection, 
defined as virus isolation or detection of viral proteins (anti-
gens) or nucleic acid in any body fluid or tissue specimen, 
versus CMV disease, defined by the presence of CMV infec-
tion with attributable symptoms and signs or evidence of tis-
sue invasion, as this aids in the approach of treatment and 
outcomes. The incidence of CMV infection and disease in 
other solid organs (e.g., heart, liver and kidney) is approxi-
mately 9–35% [28]. In contrast, the incidence of both CMV 
infection and disease is higher in lung transplant population, 
approximately 40% [29]. Major risk factors associated with 
CMV disease are the serostatus (donor positive, recipient 
negative [D+/R−] being at the highest risk), the type of organ 
transplanted, and the immunosuppressive regimen used, 
including induction therapy [30]. In the absence of prophy-
lactic antiviral therapy in renal transplant recipients, median 
time of onset of CMV infection (CMV pp65 antigenemia) 
was 35  days in all serostatus groups (except, seronegative 
donor and recipient, D−/R−) [31]. Through indirect, induced 
systemic inflammation from CMV replication within in the 
host (e.g., transplant recipient) and direct deleterious effects 
of CMV, CMV disease has been shown to be associated with 
acute and chronic allograft dysfunction [32–35].

Rubin et  al. evaluated the optimal prophylaxis in solid 
organ transplant recipients (e.g., kidney, liver, and heart) for 
the prevention of primary cytomegalovirus with oral ganci-
clovir or oral acyclovir. The incidence of CMV infection or 
disease was significantly reduced in the ganciclovir group 
(32% vs. 50%, P < 0.05), within the first 6 months post-trans-
plant [36]. Similar results were seen in lung transplant recipi-
ents comparing intravenous (IV) ganciclovir versus oral 
acyclovir until 90 days post-transplant. Cumulative incidence 
of all CMV infections (including seroconversion) was signifi-
cantly reduced in the IV ganciclovir group (15% vs. 75%, 
P < 0.033) [37]. In an open, comparative study of 22 patients, 
Speich et al. evaluated the efficacy of oral (n = 9) vs. IV gan-
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ciclovir (n = 5) for CMV prophylaxis in lung transplant recip-
ients and comparative historical non-prophylaxed control 
(n = 8) group. One patient developed cytomegalovirus disease 
in the oral ganciclovir group, none in the IV group, and six in 
the non-prophylaxed group [38]. Limitations associated with 
ganciclovir formulations, including the low bioavailability of 
the oral preparation [39] and the patient inconvenience, cost, 
and catheter-related infections of the IV delivery route [40], 
led to the development of valganciclovir, an ester prodrug of 
ganciclovir. Valganciclovir, 900 mg/day, provides compara-
ble plasma ganciclovir levels compared to those achieved 
with 5 mg/kg IV ganciclovir [39]. Its bioavailability (60%) is 
approximately tenfold higher than that of oral ganciclovir 
[39]. Studies have demonstrated the safety and efficacy of 
valganciclovir for CMV prophylaxis in solid organ transplant 
patients excluding lung transplant recipients [41]. Zamora 
et al. evaluated the efficacy and appropriate length of prophy-
laxis with valganciclovir for the primary prevention of CMV 
infection and disease in seropositive lung transplant recipi-
ents [42]. Consecutive lung transplant recipients (n  =  90) 
received prophylaxis with valganciclovir (450  mg twice 
daily) to complete 180, 270, or 365 days, compared to histori-
cal group (n = 140) who received high-dose acyclovir (800 mg 
three times daily). Both groups initially received prophylaxis 
with IV ganciclovir (5  mg/kg daily) and cytomegalovirus 
immune globulin (CMV-IVIG), 30  days for seropositive 
recipients (D+/R+ and D−/R+), and 90 days for seropositive 
donors (D+/R−). CMV disease was significantly reduced in 
the valganciclovir group compared to acyclovir group (2.2% 
vs. 20%, P < 0.001).

Another evolution in the prophylaxis and treatment of 
CMV has been the use of cytomegalovirus immune. In 2010, 
Palmer et  al. showed a decrease in CMV disease (4% vs. 
32%, P  <  0.001) and infection (10% vs. 64%, P 0.001), 
extending the valganciclovir prophylaxis period to 12 months 
versus standard 3 months. During the 6 months after study 
completion, a low incidence of CMV disease was observed 
in both groups [43].

Future understanding of the recipient’s CMV-specific 
immunity may aid in developing the optimal duration of anti-
viral prophylaxis and sustaining prevention of CMV in this 
high-risk patient population [44]. However, the evolution of 
therapy to prevent and treat CMV-related complications has 
been an important step forward in improving the outcomes 
following lung transplantation.

 Lung Allocation Score

Prior to May 2005, the allocation of lungs was based on 
accrued time on the waiting list. This resulted in dispropor-
tionately high mortality rates on the waiting list, mostly 
because there were no medical urgency parameters within the 
allocation system. Because the allocation system did not fac-

tor in severity of illness, patients with idiopathic pulmonary 
fibrosis (IPF) had an especially high mortality rate while on 
the waiting list. Recognizing this issue with respect to the IPF 
patients, in 1995 an exemption was put into effect that led to 
an additional 90-day wait-list credit for patients with IPF.

In response to the persistently increasing number of 
deaths on the transplant list, the US Department of Health 
and Human Services published in 1998 and implemented in 
March 2000 – the “Final Rule,” which required the Organ 
Procurement and Transplantation Network (OPTN) to 
emphasize the broader sharing of organs, reducing waiting 
time as an allocation criterion and structuring a system for 
equitable organ allocation using objective medical criteria 
and urgency for allocation [45]. As a result, in 1998, the 
Lung Allocation Subcommittee of the OPTN Thoracic Organ 
Transplantation Committee was formed to structure an alter-
native lung allocation system in keeping with the goals of the 
Final Rule: (1) reduction of mortality on the lung waiting 
list, (2) prioritization of candidates based on urgency while 
avoiding futile transplants, and (3) reducing the importance 
of waiting time and geography in lung allocation within the 
limits of ischemic time [46].

In May 2005, OPTN changed the policy for donor lung 
allocation from a system that previously allocated based pri-
marily on accrued waiting time on the list to a system that 
allocated lungs based primarily on a lung allocation score 
(LAS). The LAS is calculated from objective clinical data 
that predicts 1  year survival on the waiting list (without 
transplantation) and post-transplantation. Multiple factors, 
predictive of wait-list mortality and post-transplant surviv-
ability including diagnoses, were included in the LAS for-
mula. The ultimate goals of the LAS are to (1) reduce the 
number of deaths on the lung transplant list, (2) increase 
transplant benefit for lung transplant recipients (avoiding 
futile transplants), and (3) ensure the efficient and equitable 
allocation of the lungs to active transplant candidates [46].

 Donation After Cardiac Death and Ex Vivo 
Lung Perfusion

The relative scarcity of traditional brain-dead organ donors 
remains a most critical obstacle to ensuring the availability 
of organs to recipients with end-stage organ disease. 
Traditionally, the lungs are the lowest procured organs, 
approximately 15–25%, compared to all other transplanted 
organs [47]. As a result, several studies have shown that lib-
eralization of the current standard lung donor criteria, also 
known as “marginal donor lungs,” could achieve similar out-
comes [48–50]. Emerging techniques for further increasing 
donor lungs include donation after cardiac death (DCD) and 
ex vivo lung perfusion (EVLP).

The first successful human lung transplant was performed 
by Hardy and colleagues in 1963 using an allograft from a 
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DCD [2]. Over the ensuing decades, the primary reason for 
the slow adoption of DCD lungs has been the concern for 
graft injury from prolonged warm ischemia time. Mason 
et al. reported on the retrospective review of the UNOS reg-
istry, from 1987 to 2007, analyzing the outcomes of 36 lung 
transplantations performed using DCD. Overall survival at 
1 year post-transplantation was 94%, equivalent to the tradi-
tional donation after brain death [51]. Subsequently, single- 
center experience revealed similar outcomes [52–54]. Love 
and coworkers published long-term follow-up in a single- 
center experience [55]. Between 1993 and 2009, 18 recipi-
ents received lungs from DCD.  Outcomes were compared 
with those recipients who received organs from brain-dead 
donors (n = 406). One, 3-, and 5-year survival rates (P = 0.66) 
and freedom from bronchiolitis obliterans syndrome 
(P = 0.59) were similar between groups. Incidence of pri-
mary graft dysfunction were similar (P  =  0.59). Overall, 
DCD can expand the donor pool with similar outcomes com-
pared to the traditional brain-dead donors.

In 2001, the utilization of EVLP in human lung transplan-
tation using DCD was published [56]. Despite good physio-
logical function of the transplanted lung until 5  months 
post-transplant, patient died from CMV infection. The 
University of Toronto published the largest series of lung 
transplants performed using EVLP with 58 EVLP cases 
resulting in 50 lung transplantations. The incidence of pri-
mary graft dysfunction was 2% in the EVLP group and 8.5% 
in the conventional transplant group (P  =  0.14) with 87% 
survival at 1 year [57]. The development of EVLP systems 
allows for prolonged preservation of organ, ongoing assess-
ment of physiological function (e.g., gas exchange, hemody-
namics, ventilation), and reconditioning of injured organs. 
The latter is performed through high oncotic perfusate solu-
tion (dehydrating the lungs) and recruitment of the atelec-
tatic lungs. Finally, EVLP can aid in the evaluation of DCD 
organs following procurement with assessment of graft func-
tion. The Toronto Lung Transplant Group published a 
detailed review of the step-by-step technique and assessment 
of donor pulmonary grafts placed on EVLP [58].

 Conclusions
Although much progress has been made in the field of 
lung transplantation, there is still much that needs to be 
addressed. While surgical technique and basic early post-
operative care has largely been well established, by far the 
biggest challenge to long-term success of lung transplan-
tation continues to be how best to prevent the develop-
ment of the bronchiolitis obliterans syndrome (BOS) and, 
when it occurs, how to slow the progressive loss of lung 
function associated with it. Although BOS research has 
focused on several different angles, some immunologic 
and some non-immunologic, no one single factor seems 
to explain its occurrence and the devastating effect it has 

on patient survival. Until BOS can be better understood, 
the long-term survival of lung transplant recipients will be 
less assured than that seen in other solid organ transplant 
recipients.
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 Overview

Lung transplantation for patients with end-stage lung disease 
is associated with improved survival and quality of life [1, 2]. 
The median post-lung transplant survival in the current era is 
approximately 6 years, as compared to a median survival of 
4 years among those transplanted between 1990 and 1998 
[3]. However, the survival following lung transplantation 
remains significantly worse as compared to other solid organ 
transplants. There are certain unique features of lung trans-
plantation that predispose recipients to a multitude of surgi-
cal and medical complications.

 Specific Relevant Features of the Lung 
Allograft

The lungs normally have a dual blood supply, consisting of 
1) large pulmonary arteries that provide desaturated blood 
under low pressure for alveolar gas exchange and 2) smaller 
bronchial arteries that provide oxygenated blood under sys-
temic pressure for nutrition and oxygenation of the bronchi 
and lung tissue. As the only solid organ transplant that does 
not undergo primary systemic (i.e., bronchial) arterial 
revascularization at the time of surgery, lung transplants 
rely on the deoxygenated pulmonary arterial circulation 
and are especially vulnerable to the effects of injury and 
ischemia [4].

It has been hypothesized that the absence of the bronchial 
system in the lung allograft increases susceptibility to micro-
vascular injury and chronic airway ischemia, which may be 
implicated in the genesis of chronic rejection and other com-
plications [5]. Similarly, the native lymphatics and the neural 
supply to lung allografts are disrupted at the time of trans-

plantation. The impact of these disruptions on lung trans-
plant outcomes remains unclear, though it is possible that 
these changes lead to higher susceptibility to the develop-
ment of pulmonary edema and infections, worse airway 
clearance, and ineffective cough [6]. Lastly, the lung 
allografts have higher exposure to immunogenic compounds, 
as compared to other organs, by ventilation. The ongoing 
exposure to various inhaled injurious agents may also predis-
pose lung allografts to develop chronic rejection.

 Post-Lung Transplantation Complications

There is a vast array of complications from lung transplanta-
tion. Broadly these complications can be divided into nonin-
fectious and infectious complications and have been 
summarized in Table 26.1. These complications arise at dif-
ferent times in the postoperative period [7]. The understand-
ing of timing of various complications post-lung transplant 
can lead to early recognition and management of these 
complications.

 Noninfectious Complications

 Primary Graft Dysfunction (PGD)

PGD is a syndrome of acute lung injury that ensues within 
the first 72 hours after lung transplant. It is manifested by the 
early development of bilateral pulmonary infiltrates, hypox-
emia with a reduced PaO2/FiO2 ratio (<300), without an 
identifiable cause. The diagnosis of PGD is one of the exclu-
sions. The other causes of graft dysfunction such as infec-
tion, hyperacute rejection, cardiogenic pulmonary edema, 
and pulmonary venous anastomotic obstruction should be 
excluded [8]. PGD is thought to be due to overexuberant 
infiltration of monocytes, neutrophils, and T cells in response 
to transplant-mediated immune signals from endothelium, 
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epithelium, and alveolar macrophages. The interaction 
between these cells leads to release of cytokines, reactive 
oxygen intermediates, and proteolytic enzymes leading to 
graft dysfunction [9]. The severity of PGD falls along a spec-
trum, ranging from mild dysfunction to severe lung injury. 
PGD can affect 10–25% of transplanted patients, and the 
30-day mortality can be as high as 50%. Furthermore, severe 
PGD after lung transplantation has been associated with 
development of subsequent chronic rejection and graft dys-
function [10].

The management of PGD is largely supportive and 
includes lung-protective ventilation strategies (low tidal vol-
ume, high positive end-expiratory pressure), judicious fluid 
management, inhaled nitric oxide or other inhaled pulmonary 
vasodilators to improve oxygenation, and extracorporeal life 

support (ECLS) for the most severe cases. Re-transplantation 
is an option for highly selected cases, but it is generally not 
recommended due to suboptimal outcomes [11].

 Venous Thromboembolism (VTE)

Lung transplant recipients are at increased risk of VTE. The 
risk factors include major surgery status, hypercoagulable 
state, high dose of corticosteroids, immobility, and indwell-
ing vascular access. The reported incidences of pulmonary 
embolism (PE) and deep venous thrombosis (DVTs) post- 
lung transplantation are approximately 5–15% and 20–45%, 
respectively [12]. The pulmonary embolism in setting of lim-
ited pulmonary reserve due to PGD, postoperative atelecta-
sis, and single-lung transplantation can have catastrophic 
consequences, thus underscoring the need for early and 
appropriate VTE prophylaxis after lung transplantation [13].

The diagnosis can be made with computed tomography 
(CT) pulmonary angiography, ventilation-perfusion scan, or 
by documentation of DVT by Doppler ultrasonography. The 
treatment is the same as for VTEs in general, although the 
risk of postoperative bleeding needs to be weighed against 
the risk of PE. The choice of anticoagulant is based on kid-
ney function, periprocedural reversibility of anticoagulant 
effect, and drug interactions, with unfractionated heparin, 
low-molecular-weight heparin, and/or warfarin being by far 
the most common agents used. In case of ongoing bleeding 
or high risk of bleeding, inferior vena cava filters can be used 
as a temporizing measure.

 Nerve Injury

Inadvertent injury to various intrathoracic nerves during lung 
transplantation is a well-recognized and common complica-
tion. The most commonly affected structures are the phrenic 
and vagus nerves.

The reported rates of phrenic nerve injury have ranged 
from 3% to 9% in lung transplant cases. This rate can be as 
high as 40% in combined heart-lung transplantation [14, 15]. 
Diaphragmatic dysfunction as a consequence of phrenic 
nerve injury can present clinically with dyspnea, hypoventi-
lation and hypercapnia, and hypoxemia or as difficult wean 
from the ventilator. Diaphragmatic paralysis can lead to 
increased length of stay and ventilator dependence. Diagnosis 
can be confirmed by documenting paradoxical movement of 
affected diaphragm during quiet and deep breathing, using 
fluoroscopy or ultrasound visualization.

The vagal nerve injury post-lung transplantation can lead 
to gastroparesis with associated risk of gastroesophageal 
reflux (GERD) and aspiration events. These in turn can place 
lung allograft at risk for recurrent infections, bronchiectasis, 

Table 26.1 Noninfectious and infectious complications post-lung 
transplant

Noninfectious complications Infectious complications
Primary graft dysfunction 
(PGD)
Venous thromboembolism 
(VTE)
Nerve injury
  Diaphragmatic dysfunction 

(phrenic nerve)
  Gastroparesis (vagus 

nerve)
Pleural
  Effusions
  Pneumothorax, 

hemothorax, chylothorax
  Bronchopleural fistula
  Pleural fibrosis
Vascular anastomotic 
complications
Airway anastomotic 
complications
Rejection
  Acute cellular rejection
  Antibody-mediated 

rejection
  Chronic lung allograft 

dysfunction
   Bronchiolitis obliterans 

syndrome (BOS)
   Restrictive allograft 

syndrome (RAS)
Post-transplant malignancies
Metabolic
  Hyperammonemia
  Diabetes mellitus
  Acute kidney injury, 

chronic kidney disease
  Osteoporosis
  Dyslipidemia
Cardiovascular (arrhythmias, 
coronary artery disease)
Miscellaneous issues 
(psychiatric, gastrointestinal, 
sarcopenia)

Bacterial infections
  Pseudomonas aeruginosa
  Burkholderia cepacia
  Staphylococcus aureus 

(including methicillin-resistant), 
other gram-negative organisms

  Streptococcus pneumoniae
  Clostridium difficile
  Nocardia
Fungal infections
  Aspergillus
  Fusarium
  Scedosporium
  Mucormycosis
  Candida, Pneumocystis jiroveci
  Cryptococcus
  Endemic fungi: Histoplasma 

capsulatum, Coccidioides 
immitis, Blastomyces 
dermatitidis

Viral infections
  Cytomegalovirus (CMV)
  Herpesviruses
  JC virus
  BK virus
  Respiratory syncytial virus 

(RSV), parainfluenza, and other 
respiratory viruses
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and possibly chronic allograft dysfunction [16–18]. Common 
symptoms of gastroparesis include early satiety, decreased 
appetite, abdominal pain, and bloating. A diagnosis is usu-
ally made by a nuclear medicine gastric emptying study. The 
potential management strategies include minimizing transit 
delaying medications (e.g., opioids), the use of pro-motility 
agents, placement of post-pyloric feeding tubes, botulinum 
toxin injection to the pylorus, and surgical fundoplication in 
conjunction with pyloroplasty [17].

 Pleural Complications

The pleural complications in early post-lung transplantation 
period include pleural effusions, hemothorax, pneumotho-
rax, empyema, chylothorax, and interpleural communica-
tion. These complications usually arise as a result of the 
pleural disruption from the surgery itself, though rejection 
and immunosuppressive regimens may also play a role. The 
risk factors for the development of pleural complications 
include previous thoracic surgery, pleural adhesions, and 
donor-recipient size mismatch [19, 20].

Pleural effusions are extremely common in the early post- 
lung transplant period. The reported incidence has been 
100% in some series [19, 20]. All patients have chest tubes in 
place immediately post-operation to allow lung re- expansion, 
pleural air, and fluid drainage. The increased amount of pleu-
ral fluid post-lung transplantation is related to capillary leak 
due to allograft ischemia reperfusion, fluid overload, bleed-
ing, and surgical interruption of allograft lymphatics at the 
time of explantation [19, 20].

Late pleural effusions can be a consequence of infection, 
acute rejection, trapped lung physiology from pleural fibro-
sis, or malignancy [21, 22].

In general, all pleural effusions need to be evaluated to 
rule out complicated effusions such as hemothorax, empy-
ema, and chylothorax. These entities have all been associated 
with negative patient outcomes and are treated with a range 
of medical and surgical procedures depending on the condi-
tion and severity. For example, a chylothorax might necessi-
tate mechanical interruption of thoracic duct, or hemothorax 
may need thoracotomy for control of bleeding.

Pneumothoraxes are common after lung transplantation. 
They can result from donor-recipient size mismatch, bron-
chopleural fistulas that occur secondary to operative injury 
or bronchial anastomoses dehiscence, or as a consequence of 
transbronchial biopsies performed in the course of allograft 
evaluation. Small and stable pneumothoraxes after lung 
transplantation can be managed by watchful waiting, though 
larger or symptomatic pneumothorax may require chest tube 
drainage. An inadequately drained, hemodynamically sig-
nificant pneumothorax can be a medical emergency necessi-
tating urgent drainage [23, 24]. In patients who have 

undergone sequential bilateral lung transplantation (BSLT) 
or heart-lung transplantation (HLT), interpleural communi-
cation due to surgical severance of the pleural recesses that 
separate the left and right pleural spaces can develop. This 
entails that pleural issues in these patients must be managed 
aggressively as pneumothoraxes can be bilateral and life 
threatening, and empyema can spread quickly.

 Vascular Anastomotic Complications

Vascular anastomotic complications can arise either early or 
late in the post-transplant course and can have very severe 
adverse consequences. Pulmonary artery stenosis can be sec-
ondary to mechanical kinking, disruption, or narrowing of the 
anastomosis, sometimes due to the particulars of donor anat-
omy or due to thrombosis [25]. The clinical picture is usually 
consistent with pulmonary hypertension and right ventricular 
failure. Diagnosis can be made through pulmonary angiogra-
phy and can be managed with interventions such as balloon 
dilation and stent deployment. Occasionally, patients may 
require surgery for definitive management of the stenosis.

Pulmonary vein occlusion post-lung transplantation is a 
rare but serious complication. The commonest cause of pul-
monary vein occlusion is the development of thrombosis at 
the anastomotic junction of the pulmonary veins and the left 
atrium, though inadvertent narrowing or ligation of pulmo-
nary veins has also been reported. The potential clinical con-
sequences include hypoxic respiratory failure, pulmonary 
edema, and cardio-embolic events. This entity should be 
included in the differential diagnosis of a patient with acute 
pulmonary edema post-lung transplantation. Diagnosis is 
usually made by transesophageal echocardiography or CT 
angiography [26, 27].

 Airway Anastomotic Complications

The airway complications after lung transplantation can be 
classified by time of occurrence. Early anastomotic compli-
cations, usually within 1 month of transplantation, include 
infection, dehiscence, and necrosis at the anastomotic sites. 
Later complications include bronchopleural, bronchovascu-
lar and bronchomediastinal fistulae, excessive granulation 
tissue, bronchomalacia, and airway stenosis. Airway anasto-
motic complications do not seem to be associated with 
decreased survival; however, they do negatively impact qual-
ity of life and significantly increase healthcare resource utili-
zation [28].

The risk factors for airway anastomotic complications 
include colonization with Burkholderia cepacia and Aspergillus 
fumigatus, PGD, acute rejection, prolonged mechanical venti-
lation, and sirolimus use prior to anastomotic healing [29, 30].
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Bronchial necrosis and dehiscence occur 1–2 weeks after 
transplant. They can present with dyspnea, difficulty wean-
ing from the ventilator, persistent air leak on the water seal, 
pneumomediastinum, and subcutaneous emphysema and 
infection, with symptoms ranging from mild to severe. 
Depending on the severity, management can range from 
observation and antibiotics to minimally invasive or surgical 
repair.

Bronchial stenosis is the narrowing of the airway lumen, 
usually at the site of the anastomosis. Patients can present 
with wheezing, cough, post-obstructive pneumonias, decline 
in pulmonary function tests (PFTs), and stridor. The bron-
chial narrowing can also present distal to the anastomosis 
causing lobar lobe collapse. This syndrome occurs 2–6 months 
post-transplant but can present as late as 12 months. Treatment 
options include close monitoring, bronchial dilatation with or 
without stent placement, and re- transplantation [31].

 Rejection

Allograft rejection is a major cause of morbidity and mortal-
ity post-lung transplantation. At least a third of patients are 
reported to have acute rejection in the first year after trans-
plant. Acute rejection in itself seldom leads to mortality, but 
it is a main risk factor for the development of chronic rejec-
tion. The chronic rejection of lung allograft is the major 
hurdle to long-term survival after transplantation. Despite 
the use of potent and novel immunosuppressive regimens, 
the incidence of chronic rejection and long-term survival 
post-transplant has remained essentially unchanged over the 
last two decades [1, 32].

 Acute Cellular Rejection
Acute cellular rejection (ACR) is the most common kind of 
acute lung transplant rejection and is mediated by T lympho-
cytes. Symptoms and signs of ACR include dyspnea, cough, 
fever, and hypoxia. High-grade rejection may be associated 
with respiratory failure. Mild ACR can be asymptomatic and 
frequently detected on surveillance pulmonary function test-
ing and/or transbronchial biopsies. Current imaging modali-
ties are not diagnostic but may reveal useful findings such as 
infiltrates and ground-glass opacities [32, 33]. Flexible bron-
choscopy with transbronchial biopsies is the gold standard 
for diagnosis. Histologically, ACR is characterized by the 
presence of perivascular and/or peribronchiolar (grade B) 
lymphocytes in the absence of infectious etiologies [32, 34, 
35]. Risk factors for ACR include the number of HLA mis-
matches between donor and recipient, although it is unclear 
which specific HLAs have more impact. Other reported risk 
factors are age, with older patients having more rejection, 
immunosuppressive regimen used (tacrolimus regimens 
reject less), other genetic factors such as IL-10 production, 

and documented GERD. ACR has also been documented fol-
lowing infections with certain viruses, such as rhinovirus, 
parainfluenza virus, influenza virus, human metapneumovi-
rus, coronavirus, and respiratory syncytial virus.

The treatment for ACR is not uniform, and high-quality 
randomized controlled trials are lacking. There is wide agree-
ment that severe cases of ACR must be treated, but there is 
variability among transplant centers on whether to treat 
milder cases. The mainstay of therapy is high-dose corticoste-
roids. In cases that are refractory or recurrent, usually the 
immunosuppressive regimen gets intensified or altered, and 
medications such as anti-thymocyte globulin (ATG), anti-
interleukin 2-receptor (IL-2R) antagonists, muromonab- CD3 
(OKT3), and alemtuzumab (anti-CD52 monoclonal anti-
body), among others, can be used [36, 37].

 Antibody-Mediated Rejection
Antibody-mediated rejection (AMR) is believed to be medi-
ated by donor-specific antibodies (DSA) against human leu-
kocyte antigens (HLA) and other donor antigens. These 
antibodies may have been present in the recipient prior to 
transplant, although most appear to develop after transplan-
tation. AMR is described as the combination of the follow-
ing: donor-specific anti-HLA antibodies, evidence of 
complement deposition in allograft biopsies, histologic tis-
sue injury, and clinical allograft dysfunction [38]. Once the 
aforementioned antibodies bind their receptors in the graft, 
they are capable of binding complement, specifically C1q. 
This can trigger complement-mediated cell destruction and 
inflammation. The development of de novo anti-HLA anti-
bodies is associated with poor prognosis [39, 40].

The mainstay of AMR management involves depletion 
and/or neutralization of anti-HLA antibodies by plasma 
exchange or intravenous immunoglobulin (IVIG), followed 
by rituximab infusion. Rituximab is an anti-CD-20 chimeric 
antibody that targets B-cell function and can decrease pro-
duction of antibodies. In cases of refractory AMR, newer 
agents such as bortezomib (anti-proteasome 26s) and the 
anticomplement antibody eculizumab have been tried with 
limited success. Successful clearance of anti-HLA antibod-
ies has been associated with decreased risk of development 
of chronic rejection following AMR [32].

 Chronic Lung Allograft Dysfunction
The term chronic lung allograft dysfunction (CLAD) encom-
passes pathologies that lead to chronic dysfunction of lung 
allograft. CLAD is predominantly a consequence of chronic 
rejection and is a major hurdle to long-term survival. The 
two major phenotypes of CLAD include (i) bronchiolitis 
obliterans syndrome (BOS) and (ii) restrictive allograft syn-
drome (RAS) [41, 42].

BOS is the predominant form of CLAD and is the number 
one cause of death after 1  year of transplantation. It is 
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reported to occur in up to 76% of lung transplant recipients 
at 10 years post-transplant, and it is a major cause of morbid-
ity, negative impact in quality of life, and increased costs. 
BOS is defined by a sustained (>3  weeks) decline in the 
forced expiratory volume in the first second of expiration 
(FEV1); provided alternative causes of pulmonary dysfunc-
tion have been excluded. At the tissue level, the hallmark of 
BOS is obliterative bronchiolitis (OB), which is an inflam-
matory/fibrotic process affecting the small non-cartilaginous 
airways (membranous and respiratory bronchioles) charac-
terized by subepithelial fibrosis causing partial or complete 
luminal occlusion [43, 44].

Risk factors include prior episodes of acute rejection, 
cytomegalovirus infection (CMV), community-acquired 
respiratory viruses (CARV) infection, history of PGD, isola-
tion of Aspergillus fumigatus and Pseudomonas aeruginosa, 
the presence of GERD, and other immune-mediated factors 
[44]. The diagnosis can be made conditionally without histo-
pathology (BOS) or definitively with histopathology (BO). 
Transbronchial biopsy is an insensitive method for detecting 
BO, and the clinical use of BOS is the favored method for 
diagnosis and monitoring.

The treatment of BOS is disappointing in terms of out-
comes; often success is measured in slowing the decline or 
stabilizing it. Beyond augmentation of immunosuppression, 
azithromycin, extracorporeal photopheresis, montelukast, 
methotrexate, aerosolized cyclosporine, alemtuzumab, and 
total lymphoid irradiation have been used with limited suc-
cess [44, 45].

RAS has been more recently described and occurs in less 
than a third of patients with CLAD. These patients present 
with predominant restriction, and the survival is worse as 
compared to patients with BOS. The median survival post- 
diagnosis is 8 months. CT scan shows interstitial opacities, 
ground-glass opacities, upper lobe-dominant fibrosis, and 
honeycombing. The only identified risk factor for the devel-
opment of RAS is late-onset diffuse alveolar damage (DAD), 
occurring later than 3 months after lung transplant. There is 
no proven treatment for this condition, and re-transplantation 
remains technically challenging [46, 47].

 Post-transplant Malignancies

Lung transplant and associated immunosuppression are an 
established risk factor for development of cancer [48]. The 
commonest malignancy post-lung transplant is the squamous 
cell cancer of the skin. The single-lung transplant recipients 
are at higher risk of development of lung cancer in their 
native lungs. This increased risk is in part related to the 
increased risk of cancer due to underlying disease (e.g., 
emphysema, idiopathic pulmonary fibrosis) [49, 50]. 
Similarly, the transplant recipients with cystic fibrosis remain 

at an elevated risk for development of gastrointestinal malig-
nancies [49]. It is imperative that transplant recipients adhere 
to age-appropriate health screening after transplant. 
Additionally, all lung transplant recipients should undergo 
skin cancer screening annually.

The risk is especially high for of viral infection associated 
malignancies such as lymphoma, Kaposi sarcoma, and ano-
genital cancers [49]. Post-transplant lymphoproliferative 
disorders (PTLD) encompass an array of diseases involving 
clonal expansion of B lymphocytes, ranging from polyclonal 
benign disorders to aggressive malignant lymphomas. The 
reported incidence of non-Hodgkin lymphoma post-lung 
transplant has been as high as 28 cases/100,000 person-years 
[49]. There is a significant association between PTLD and 
Epstein-Barr virus (EBV) infection, especially in patients 
who acquire infection the novo after being transplanted. 
PTLD is managed by reducing the intensity of immunosup-
pression if possible, with specific chemotherapy for more 
severe and refractory cases.

 Metabolic Complications

 Hyperammonemia
Hyperammonemia affects 1–4% of the lung transplant popu-
lation; it is a rare but potentially fatal complication. It can be 
secondary to systemic infection with Mycoplasma hominis 
and Ureaplasma, which break down urea as an energy 
source, generating ammonia as a waste product. This likely 
represents a donor-derived infection and can respond to early 
appropriate antibiotic treatment [51]. Postoperative liver 
dysfunction and urea-cycle enzyme deficiencies can also 
cause hyperammonemia.

 Diabetes Mellitus
Diabetes mellitus (DM) is common in lung transplant recipi-
ents, with 25–30% of patients developing it in the first year 
post-transplant and up to 40% at 5 years. The use of gluco-
corticoids, calcineurin inhibitors, obesity, and advanced age 
is a significant risk factor for the development of DM. The 
development of DM in lung transplant recipients is associ-
ated with decreased survival. A close and judicious glycemic 
control is indicated in this patient population [52, 53].

 Acute Kidney Injury and Chronic Kidney Disease
Patients who undergo lung transplantation have multiple risk 
factors to develop acute kidney injury (AKI) post-transplant, 
including decreased renal perfusion before, during, and/or 
after surgery, drug toxicities, and systemic infections. AKI 
affects as many as 70% of patients with approximately 8% 
patients requiring renal replacement therapy (RRT). The 
postoperative renal failure necessitating the use of RRT is 
associated with increased risk of early mortality [54, 55].
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By 3 years, 25% of surviving lung transplant recipients 
develop severe renal dysfunction (serum creatinine >2.5 mg/
dl), and that percentage rises to 40% at 10-year mark [1]. The 
risk factors for development of chronic kidney disease 
(CKD) include older age, DM, hypertension, smoking his-
tory, and use of nephrotoxic drugs. CKD is also associated 
with higher mortality in lung transplant recipients [56].

 Other Metabolic Complications
Recipients of lung transplant are at risk for development of 
osteopenia and osteoporosis due to multiple factors such as 
malnutrition, immobility, chronic corticosteroid use, calci-
neurin inhibitor use (e.g., tacrolimus), and other comorbidi-
ties. The strategies to prevent and reverse bone losses after 
transplant need to be proactively implemented. Treatment 
includes adequate supplementation of calcium, vitamin D, 
use of bisphosphonates, enhancing physical activity, and min-
imizing contributing medications, if possible [57, 58].

Dyslipidemia is also very common in lung transplant 
recipients, as high as 59%, and it may be related to the afore-
mentioned metabolic risk factors. Treatment usually entails 
lifestyle modifications and cholesterol lowering medications.

 Cardiovascular Complications

There are multiple cardiac complications after lung transplan-
tation, both short and long term. Atrial dysrhythmias are very 
frequent in the early postoperative period, likely related to 
stress of major surgery, catecholamine surge, medication side 
effects, and mechanical stresses related to vascular anastomo-
ses. The reported incidence has been as high as 25–35% [59, 
60]. These arrhythmias are usually managed with medications 
aimed at rate and rhythm control. Hemodynamically signifi-
cant and/or refractory arrhythmias may require electric cardio-
version. Atrial dysrhythmias are associated with increased 
length of hospital stay and increased mortality [59, 60].

Over the long term, lung transplant recipients are at 
increased risk for developing coronary artery disease (CAD). 
As they progress into long-term survival, these patients have 
cumulative impact from risk factors previously discussed in 
this chapter, namely, DM, dyslipidemia, CKD, hypertension, 
chronic corticosteroid use, and other immunosuppressive 
medication. These risk factors should be carefully managed 
to decrease the impact of CAD and related complications, 
with a combination of lifestyle modifications and specific 
medical therapies [61].

 Miscellaneous Issues

Lung transplant recipients experience a decrease in skeletal 
muscle strength and function, including respiratory and limb 

muscles. This is likely related to reduced activity postopera-
tively and deconditioning, corticosteroid-induced myopathy, 
critical illness-related weakness (neuropathy/myopathy), 
and in the case of the diaphragm, phrenic nerve injury. This 
issue seems to be consistent in lung transplant recipients and 
independent of pre-transplant diagnosis and surgery type. 
Muscle weakness, deconditioning, and sarcopenia are asso-
ciated with adverse outcomes and decrease in quality of life. 
Aggressive rehabilitation is standard and important in the 
post-transplant care [62, 63].

 Infectious Complications

Lung transplant recipients are at an increased risk for acquir-
ing infections due to the immunosuppressed state, constant 
environmental pathogen exposure, decreased cough reflex, 
impaired mucociliary clearance, and lymphatic disruption. 
Infectious complications are responsible for about a quarter 
of post-transplant deaths [64].

 Bacterial Infections

Pneumonias are the most significant bacterial infection in 
lung transplant recipients, and the highest risk is in the first 
30  days post-transplant. In the early period, they are more 
likely to be caused by hospital-acquired organisms, which 
tend to be more virulent and more resistant to antibiotics. The 
patients with cystic fibrosis are frequently colonized by mul-
tidrug-resistant organisms and are at increased risk of pneu-
monia post-transplant. In later stages, community- acquired 
organisms become more prevalent. Moreover, throughout the 
post-transplant period, the patients are susceptible to numer-
ous opportunistic infections [65].

Other commonly encountered bacterial infections in this 
patient population include pleural space infections, blood 
stream infections (BSIs), and soft tissue infections. The BSIs 
and empyema carry a high risk of morbidity and mortality 
[66, 67].

Pseudomonas aeruginosa, Burkholderia cepacia, 
Staphylococcus aureus (including methicillin-resistant), 
and other gram-negative organisms are common causes of 
serious infections in post-lung transplant period. These 
organisms have high rates of antibiotic resistance and are 
associated with worse outcomes [68–70]. Streptococcus 
pneumoniae is the most common cause of community-
acquired pneumonia, and immunosuppressed patients have 
increased risk of disseminated infection [71]. Clostridium 
difficile associated diarrhea is a major complication in hos-
pitalized, immunosuppressed and debilitated patients and 
is associated with increased hospital length of stay and 
mortality [72].
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 Fungal Infections

Molds are common fungal entities affecting lung allografts. 
Aspergillus spp. are the most common and have a predilec-
tion for the respiratory tract [73]. Lung transplants have the 
highest incidence of invasive aspergillosis among solid organ 
transplant recipients, and it is the most common invasive 
fungal infection in lung transplant. Aspergillus is ubiquitous 
in the environment and is acquired by inhalation. There are 
three main described presentations: invasive pulmonary dis-
ease, tracheobronchial aspergillosis, and disseminated dis-
ease, all of which are associated with varying degrees of 
increased mortality. Other implicated molds include 
Fusarium, Scedosporium, and Mucormycosis. These infec-
tions are difficult to treat and are associated with poor clini-
cal outcomes [73]. Candida spp. are another common 
pathogen in lung transplant setting. Oral candidiasis is the 
most common manifestation of this infection. However, can-
dida infections can also manifest as candidemia, empyema, 
surgical wound infection, and disseminated disease. Serious 
candida infections have been associated with increased mor-
tality, though rates have been declining over time [74]. Other 
fungal infections in this patient population include opportu-
nistic infections, such as Pneumocystis jiroveci and 
Cryptococcus, as well as endemic fungi, such as Histoplasma 
capsulatum, Coccidioides immitis, and Blastomyces derma-
titidis [75, 76].

 Viral Infections

Viral infections contribute to morbidity and mortality from 
acute infection and have been associated with an increased 
risk of rejection, chronic allograft dysfunction, lymphopro-
liferative and other neoplastic diseases, and other extra pul-
monary organ damage [77].

Cytomegalovirus (CMV) is the most significant viral 
infection occurring in solid organ transplant recipients and is 
the second most common infection, after bacterial pneumo-
nia. CMV infection can range from latent infection, to 
asymptomatic viremia, to CMV disease manifested with 
clinical symptoms and end-organ involvement. Severity of 
disease may range from mild to life threatening. When there 
is organ damage, affected organs can include the lungs, pan-
creas, intestines, retina, kidney, liver, and brain. CMV dis-
ease is associated with increased mortality [77, 78]. Other 
notable DNA viruses from the Herpesviridae family include 
Epstein-Barr virus (EBV), which is associated with increased 
risk of PTLD and other malignancies, herpes simplex virus 
(HSV) 1 and 2, varicella-zoster virus (VZV), and human 
Herpesvirus 6, 7, and 8 [77].

Community-acquired respiratory viruses, including influ-
enza, are a major source of respiratory symptoms and mor-

bidity after lung transplantation. These infections may also 
be associated with development of chronic allograft dysfunc-
tion [79].

 Survival, Overall Prognosis, and Follow-Up 
Care

Currently, the median survival for all adult lung transplant 
recipients is 6 years [1]. Bilateral lung recipients appear to 
have a better median survival compared to single-lung recip-
ients (7 versus 4.5  years) [1]. Overall lung transplantation 
confers clinically meaningful and statistically significant 
improvements in health-related quality of life (HRQOL). 
Greater than 80% of lung transplant recipients report no 
activity limitations [80].

The care of lung transplant recipients is multidisciplinary, 
labor intensive, and comprehensive. It includes management 
of immunosuppression regimen, opportunistic infection pro-
phylaxis, prevention and management of various comorbidi-
ties, and complications. A typical medication regimen 
consists of three classes of immunosuppression drugs (i.e., 
calcineurin inhibitor, cell-cycle inhibitor, and corticoste-
roids), as well as opportunistic infection prophylaxis against 
Pneumocystis jiroveci, other fungal infections, and CMV.

In early postoperative period and after hospital discharge, 
the recipients are closely monitored in outpatient setting. 
Typical clinic visits include thorough medication reconcilia-
tion, clinical exam, pulmonary function testing, chest radio-
graphs, and laboratory examinations. The role of surveillance 
bronchoscopies with transbronchial biopsies in monitoring 
of lung allograft remains unclear.

 Conclusions
While lung transplantation improves survival and quality 
of life in patients with end-stage lung disease, it is associ-
ated with multitude of noninfectious and infectious com-
plications. Lung transplant recipients have one of the 
shortest survival rates among other solid organ recipients, 
due to some unique characteristics of the lung allograft, 
including its unique blood supply and risk for ischemia, 
disruption of the native lymphatics and the neural supply 
during the transplant surgery, and exposure to immuno-
genic entities via ventilation. Among noninfectious com-
plications, PGD, VTE, and rejection are the most 
important ones. CLAD affects most patients long term 
and remains a significant clinical concern and contributor 
to early mortality in lung transplant recipients. Lung 
transplant recipients are also at increased risk for a variety 
of malignancies, due to their underlying disease, comor-
bidities, and immunosuppressed status; thus they require 
vigilant monitoring and screening for cancer. Infectious 
complications (i.e., bacterial, fungal, viral) are also 
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important contributors to morbidity and mortality, with 
bacterial pneumonias and CMV most commonly seen. 
Patients require multidisciplinary and intensive follow-up 
and aftercare, ongoing vigilance, early recognition and 
treatment, and open and frequent communication between 
recipients, caregivers, and healthcare team providers.
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 Introduction

Patients with advanced lung disease approaching lung trans-
plantation (LTx) have increased rates of depression and anxi-
ety, as well as cognitive dysfunction. Evaluation for LTx and 
the process of waiting on the transplant list evoke great hopes 
and anxieties. On one hand, patients are hopeful that they 
will be able to breathe again, be untethered from oxygen, 
regain their independence, and continue to live their normal 
lives. On the other hand, they are fearful of suffocating and 
not making it to the transplant surgery. Patients simultane-
ously hope for continued life and prepare for death. While 
some patients wait for a long time until “the Call” comes, 
others decompensate rapidly and are on life support in the 
intensive care unit (ICU) before they get their new set of 
lungs. Recovery can be brisk or excruciating. If patients do 
well, they experience a “honeymoon period” and rejoice in 
their recovery and newfound quality of life (QOL). However, 
for others the pace of the recovery and ongoing complica-
tions are frustrating and demoralizing. As medical setbacks 
after transplant develop (e.g., infections, rejection, and renal 
insufficiency), depression and anxiety sink in once again. 
Transplant-related post-traumatic stress disorder (PTSD-T) 
may develop in relation to the peri-transplant process. 
Existential questions about life and death continue.

 Patients’ Qualitative Experiences of Post-
lung Transplantation

In their narrative analysis of four heart and seven lung 
transplant recipients, all of whom have experienced delir-
ium post-transplant, Flynn et al. shared themes that these 
patients had lived through [1]. Participants had been on the 

waiting list between 3 weeks and 2.5 years, and the inter-
views took place between 6.5  months and 14  years after 
their transplant. Individuals shared that during the pre-
transplant period, their medical decompensation was 
accompanied with a sense that life was taken away and 
death became a central character. As one participant shared, 
“You live all the time with Mr. Death on your shoulder.” 
“The Call” was expected with both fear and reverence. 
After the transplant surgery, participants described their 
distressing experiences of delirium in the ICU: disorgani-
zation, hallucinations and delusions, lack of control and 
trust, feeling threatened, fear, and finally embarrassment 
following realization of their false perceptions. After trans-
plantation, during the initial recovery phase, patients dealt 
with merging their initial belief of transplant being “a mir-
acle cure” with the reality that this “second chance” is lim-
ited and can be taken away by rejection or any of the other 
potential complications associated with transplantation. 
They described the tremendous pressure from the society 
after having been given this “gift.” They sensed immense 
responsibility for success or failure of their transplanted 
organ. For some patients, symptoms of PTSD-T were set-
ting in, with flashbacks and nightmares, as they were con-
fronted with their ICU memories of delusions and 
hallucinations. Finally, patients described the evolution of 
the “post-transplant person” as they worked on coming to 
grips with ever-looming death, dealing with uncertainty, 
and attempting to integrate their complex stories.

This narrative captivates the themes that mental health 
professionals frequently witness in patients’ hospital rooms 
and the outpatient clinics as they work with LTx recipients. 
Helping patients to navigate through their hopes and fears of 
being on the transplant list, into the immediate post-trans-
plant experience not infrequently marked by delirium and/or 
anxiety, and then to the long-term ongoing integration of the 
new reality, is both challenging and rewarding. It is impor-
tant to know the clinical psychological conditions that 
patients might experience at different stages post-transplan-
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tation, as well as to listen to the unique themes and concerns 
that each individual person experiences and voices.

 Neuropsychiatric Disorders Post-lung 
Transplant

 Delirium

Delirium is common among critically ill patients in ICUs 
[2]. It is a distressing experience for patients and families, 
with negative effects on patients’ morbidity and mortality 
[2]. While neurologists have been reporting on high inci-
dences of post-transplant encephalopathy in LTx recipients 
[3–5], parallel studies have also emerged on its psychiatric 
counterpart – delirium – and its significance.

The first study on delirium in LTx patients consisted of a 
retrospective analysis of 30 recipients. It found a 73% inci-
dence of delirium within 2 weeks of LTx surgery [6]. In their 
population, delirium was associated with the use of cardio-
pulmonary bypass, higher cyclosporine levels, and physical 
relocation closer to the transplant center while awaiting sur-
gery. A prospective study of 21 LTx recipients reported a 
19% incidence of delirium within 96 hours of LTx surgery, 
associated with an increased time to extubation [7]. Smith 
et  al. prospectively evaluated 63 LTx recipients with the 
Confusion Assessment Method (CAM) and found a 37% 
incidence of delirium in the immediate postoperative period 
[8]. The authors found that poor preoperative cognitive func-
tioning was associated with delirium occurrence, while the 
presence and duration of delirium were associated with lon-
ger hospital stay [8]. In addition, they identified that lower 
cerebral perfusion pressure during LTx surgery doubled the 
risk and increased the duration and severity of delirium [9].

In the largest retrospective sample to date, Sher and col-
leagues analyzed the medical records and applied DSM-IV 
criteria to extracted information of 163 LTx recipients [10]. 
The authors found that 36% of patients developed early-
onset (within 5 days of surgery) and 44% developed ever-
onset (within 30  days or duration of hospitalization, 
whichever was shortest) delirium. Obesity (OR 6.35) and the 
use of benzodiazepines within the first postoperative day 
(OR 2.28) were associated with early-onset delirium. Patients 
with early-onset delirium were more likely to have longer 
duration of ventilation and hospital stay. In fact, patients 
with delirium were hospitalized on average 10 days longer 
after their LTx surgery compared to those without delirium 
[8, 10]. Although there was a trend, after adjusting for clini-
cal variables, delirium was not significantly associated with 
1-year mortality in this study (early-onset HR 1.65, 95% CI 
0.67–4.03; ever-onset HR 1.70, 95% CI 0.63–4.55) [10].

Finally, a more recent retrospective study of 155 LTx recip-
ients from the Lung Transplant Outcomes Group (LTOG) 
cohort similarly found the incidence of postoperative delirium 
to be 36.8% via a chart review delirium ascertainment method 
[11]. Identified independent risk factors for delirium included 
pre-transplant benzodiazepine prescription (relative risk [RR] 
1.82), total ischemic time (RR 1.10 per 30-min increase), 
duration of time with intraoperative mean arterial pres-
sure < 60 mmHg (RR 1.07 per 15-min increase), and Grade 3 
primary graft dysfunction (RR 2.13). In addition, higher neu-
ron-specific enolase (NSE) plasma levels were associated with 
delirium (risk difference 15.1% comparing 75th and 25th per-
centiles), suggesting that cerebral injury may contribute to 
delirium development. Similar to the findings in the Stanford 
study [10], 1-year mortality appeared higher among delirious 
patients in this study, 12.3% compared with 7.1%, but the dif-
ference was not statistically significant (p = 0.28).

These studies clearly indicate that delirium is not only 
common among LTx recipients, but that it is also associated 
with poor medical outcomes. Although the association with 
poorer survival is only now being examined with early fol-
low-up time, it is a worrisome trend. Contributing etiologies 
that should be considered for post-LTx surgery delirium 
include primary graft dysfunction, brain hypoxia, neuroin-
flammation, infections, metabolic and electrolyte distur-
bances, renal insufficiency, ICU environment, and medications 
(e.g., opioids, benzodiazepines, steroids, immunosuppres-
sants, voricanozole, lidocaine) [2, 5, 6, 10–12]. Additional 
etiologies to consider for altered mental status in this period 
include seizures and strokes [3–5, 13], as well as posterior 
reversible encephalopathy syndrome (PRES) [14–18].

As of now, there are no studies on treatment or prevention 
of delirium in LTx recipients. One suggested area for delirium 
prevention is optimization of brain perfusion during the LTx 
surgery [11]. Identifying patients with preoperative benzodi-
azepine use and tapering them off these agents if possible, as 
well as avoiding postoperative benzodiazepine use during the 
immediate post-transplant period, may be helpful with delir-
ium prevention and consistent with identified risk factors [10, 
11]. In addition, general non-pharmacological prophylaxis 
and treatment (e.g., early mobilization, reorientation, mainte-
nance of sleep-wake cycle) are indicated and helpful. 
Antipsychotic agents (e.g., haloperidol, risperidone, quetiap-
ine, or aripiprazole) can be used in LTx recipients, based on 
the presenting delirium motor type, associated comorbid fac-
tors, and medication benevit versus risk analysis. The safe use 
of high-dose intravenous (IV) haloperidol in an agitated delir-
ium following LTx has been described in the literature [19].

Prevention and management of post-LTx delirium might 
be a much needed and important area of study in the near 
future.
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 Neurologic Events

Shigemura et al. retrospectively examined 759 LTx recipi-
ents for major neurologic complications (i.e., defined in the 
study as “potentially life-threatening events requiring urgent 
treatment/intubation or admission to ICU”) within 2 weeks 
of transplant surgery [5]. The authors found that the major-
ity of these events included stroke (41%) or severe toxic-
metabolic encephalopathy, frequently induced by tacrolimus 
(37%). Of note, although criteria for toxic-metabolic 
encephalopathy diagnosis were not defined in the report, in 
clinical practice, this term is frequently synonymous with 
delirium. In general, patients with neurologic complications 
after LTx had shorter survival with a 90-day mortality of 
15% in patients who developed neurologic complications 
versus 4% in patients who did not (P = 0.03). Similarly, the 
5-year survival was 51.1% in patients who developed neuro-
logic complication versus 62.1% in patients who did not 
(P < 0.05).

Mateen et al. studied 120 patients with a median survival 
of 4.8 years in a retrospective cohort [4]. They reported that 
95 patients (79.2%) developed a neurologic complication at 
some point during the post-LTx period, with median time to 
complication of 0.8  years. Neurologic complications were 
severe to the point of requiring hospitalization or urgent eval-
uation and care in 46 patients (38.3%), most often including 
perioperative stroke or encephalopathy (defined in this study 
as “decreased attention and orientation with variable rest-
lessness… [which was] prolonged (lasting at least 24 h) and/
or clinically severe resulting in prolonged hospitalization or 
warranting a specialty consultation”). Age was a significant 
risk factor for any neurologic complication. Neurologic 
complications of any severity (HR 4.3) and high severity 
(HR 7.2) were associated with increased risk of death.

PRES is a rare (0.5–6% of solid organ transplant recipi-
ents) but significant neuropsychiatric complication that can 
be precipitated by the immunosuppressants, presumed to be 
caused by a disruption of the blood-brain barrier integrity 
[20]. The clinical presentation includes altered mental status, 
headaches, visual disturbances, seizures, and autonomic 
instability [20]. The diagnosis is usually confirmed by the 
classic radiologic findings involving edema of the white mat-
ter in the posterior regions of the brain, although this may not 
always be the case, and edema may affect other brain areas 
[20]. There have been several reports of PRES in LTx recipi-
ents [14–18]. Although PRES is classically associated with 
the use of calcineurin inhibitors (CNIs) [18], it has also been 
reported in context of non-CNI immunosuppressant use, 
such as sirolimus, in LTx recipients [17]. The condition is 
usually treated with prompt recognition, supportive mea-
sures, and most importantly decreasing or removing the 

offending immunosuppressant. This usually requires switch-
ing to a different immunosuppressant agent, which may itself 
cause PRES.

Seizures are relatively common, both in the immediate 
postoperative period and later on. Vaughn et al. published the 
first report of seizures in 81 LTx recipients who underwent 
85 lung transplantations [13]. Eighteen of 81 (22%) patients 
experienced seizures. Most patients with seizures were 
young (i.e., <25 years old) and suffered from cystic fibrosis 
(CF). CF appeared to be a risk factor for post-LTx seizures in 
another report as well [3]. Most seizures occurred within 
3  months post-transplant. Only one patient required long-
term antiepileptic therapy. Sixty-seven percent of patients 
had seizures during episodes of rejection; in 11 cases patients 
were also receiving high-dose steroids.

In Živković et al. retrospective study of 132 patients fol-
lowed for up to 4 years, seizures were reported in 10 allograft 
recipients (8%) [3]. In this sample, contributing causes 
included tacrolimus neurotoxicity (three events), other medi-
cation toxicity (n = 2; imipenem and cefepime), anoxic brain 
injury (n = 3), stroke (n = 2), and the cause was unknown in 
five patients. Mateen et al. reported that in their sample of 
120 LTx recipients, seven patients experienced generalized 
seizures, including three patients who had postoperative sei-
zures (range 1–17 days after LTx) [4].

Additional distressing complications after LTx include 
headaches and tremors. Headaches have been reported in 
20% of recipients in one study, with etiologies including 
exacerbation of pre-existing migraines, CNI neurotoxicity, 
and chronic sinusitis [3]. Tremors are present in up to 70% of 
LTx recipients [21, 22], likely related to the use of immuno-
suppressant agents and more apparent in the first months 
after LTx [22]. Tremors can impair patients’ activities of 
daily living and be quite distressing to some patients.

 Cognition After Lung Transplantation

Many LTx recipients experience ongoing impairments in 
cognition, months and even years after LTx [23–25]. In a 
retrospective cohort study, Cohen et al. evaluated cognitive 
functioning in 42 post-transplant patients (median follow-up, 
8  months; interquartile range, 2–16  months) with the 
Montreal Cognitive Assessment (MoCA) [24]. Mild cogni-
tive impairment (MoCA score 18–25) was observed in 67% 
of patients, while moderate cognitive impairment (score 
10–17) was observed in 5%. Prolonged graft ischemic time 
was independently associated with worse cognitive perfor-
mance. A functional gain in 6-min-walk distance achieved at 
the end of post-transplant physical rehabilitation was associ-
ated with improved cognitive performance. Another study 
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identified that older age and less education were associated 
with decline in cognitive functioning post LTx [23].

A study by Smith et al. found that among their cohort of 
47 patients, neurocognitive impairment is common among 
lung transplant candidates and worsens in some recipients 
[25]. As compared to 45% of patients with neurocognitive 
impairment (MoCA <26) before LTx, 57% had impairment 
both immediately on discharge and at 3-month follow-up. 
Patients who developed delirium after LTx surgery had 
worse post-transplant neurocognitive performance.

Persistent neurocognitive impairment has been associated 
with worse QOL and medication nonadherence in other 
medical populations; in fact, it might also be associated with 
decreased survival after LTx [26]. In a cohort of 49 patients 
followed for 13  years, better neurocognitive performance 
was associated with longer survival (hazard ratio [HR] = 0.49) 
[26]. Unadjusted analyses suggested that worse performance 
on memory tests specifically was associated with greater risk 
for chronic lung allograft dysfunction.

 Depression Post-transplant

Depression remains a clinically significant concern after 
LTx, and it is a leading cause of poorer QOL and worse clini-
cal outcomes [27–31]. Multiple etiologies can contribute to 
the recurrence or new onset of depression in LTx recipients. 
Fusar-Poli described the following: type of end-stage dis-
ease, personality disorders, dysfunctional coping strategies, 
stressful events, physical complications, immunosuppressant 
medications, limitations in job performance, sexual dysfunc-
tions, and lack of psychosocial support [27].

Dew et al. demonstrated that 30% of patients had at least 
one episode of major depressive disorder (MDD) within 
2 years of LTx [31]. Post-transplant depression was associ-
ated with pre-transplant depression or anxiety, poor social 
support, and particular coping styles, such as high expression 
of emotions [31]. Another study demonstrated that higher 
resilience correlated with less psychological distress in the 
domains of depression [24].

Post-transplant depression has been shown to have a sig-
nificant effect on clinical outcomes in all solid organ recipi-
ents [32], and in particular in LTx recipients. As presented 
below, at any stage evaluated, post-LTx depression has been 
shown to be associated with increased mortality. Patients 
who had persistently elevated depressive scores from pre-
transplant evaluation into 3  months post-transplant period 
and followed up to 12 years (a mean follow-up of 10.2 years) 
had greater mortality (HR = 1.85) [33].

In another study, depression, but not anxiety, at 6 months 
post-transplant was associated with increased mortality in a 
study of 132 LTx recipients followed for up to 13.5 years 
(median 7.4 years) following transplantation [28]. Similarly, 

in the Investigational Study of Psychological Intervention in 
Recipients of Lung Transplant (INSPIRE) clinical trial, 
depressive symptoms identified at 18 months post-transplant 
were associated with increased risk of mortality (HR = 1.07), 
while anxiety was not [33]. Rosenberger et al. studied 155 
recipients who survived at least 1  year after LTx and fol-
lowed for up to 15 years [29]. Patients with post-transplant 
depression had an elevated risk of bronchiolitis obliterans 
syndrome (BOS) (HR 1.91), graft loss (HR 1.75), and patient 
death (HR, 1.65, 95% CI 1.01–2.71).

Even very early post-LTx depression is associated with 
increased post-LTx mortality. Smith et al. demonstrated that 
greater depressive symptoms assessed approximately 2 weeks 
after LTx surgery were associated with subsequent mortality 
(HR = 2.17) during a median follow-up of 2.8 years [30]. This 
relationship persisted even after controlling for primary graft 
dysfunction, duration of transplant hospitalization, and 
gender.

These findings are consistent with a meta-analysis by 
Dew et al. of 27 studies in solid organ transplant recipi-
ents which demonstrated that the occurrence of post-
transplant depression was associated with a 65% increased 
mortality (relative risk [RR], 1.65; 20 studies) and death-
censored graft loss risk (RR, 1.65; 3 studies) [32].

These are important and alarming findings, suggesting 
the need for screening and treatment of depression in LTx 
recipients to not only improve their QOL and enjoyment 
from life, but also to improve their clinical outcomes and 
survival after LTx.

 Treatment

No pharmacological studies have been done on treatment of 
depression in LTx recipients. Selective serotonin reuptake 
inhibitors (SSRIs), such as sertraline, citalopram, and escita-
lopram, are frequently first choices in medically complicated 
patients. A case report of a LTx recipient on tacrolimus, 
sotalol, omeprazole, and escitalopram for the treatment of 
depression highlighted the need for vigilance, given the mul-
tiple possible drug-drug interactions in these complex 
patients [34]. In this case report, a patient presented with a 
prolonged QTc and associated torsades de pointes, thought 
to be due to inhibition of potassium rectifier channel by vari-
ous agents (i.e., tacrolimus, sotalol, and escitalopram). 
Although the dose of administered escitalopram was low, it 
accumulated due to the blockade of its metabolism by 
omeprazole and tacrolimus.

Mirtazapine has been suggested as a good choice in LTx 
recipients [27, 35]. Mirtazapine has minimal drug-drug 
interactions and may be helpful for depression, anxiety, 
sleep, and nausea, all problems which are prevalent in lung 
transplant recipients. Mirtazapine side effects include seda-
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tion and weight gain. For further details on treatment of 
mood and anxiety disorders in transplant recipients, please 
refer to Chap. 42 on Psychopharmacology.

 Anxiety

Dew et al. demonstrated that within 2 years of LTx, 4% of 
recipients had experienced generalized anxiety disorder, 
22% adjustment disorder, and 18% panic disorder among 
178 subjects [31]. Of note, LTx recipients were more likely 
to have panic disorder as compared to heart transplant recipi-
ents within the same follow-up period (8%). Female gender, 
prior history of depression or anxiety, and high avoidance 
coping were all associated with post-LTx panic disorder.

While post-transplant depression has been shown to be a 
risk factor for mortality after LTx, post-transplant anxiety 
has not been associated with an increased mortality risk [28, 
29, 32]. Of interest, in patients who survived at least 1 year 
post-LTx and observed for up to 15 years after surgery, a 
trend toward reduced risk of BOS was observed in recipi-
ents with post-transplant anxiety (HR, 0.61; 95% CI, 0.37–
1.00) [25].

 Treatment

The SSRIs and mirtazapine can be used for long-term phar-
macological treatment of anxiety in LTx recipients. Although 
benzodiazepines are frequently used in the short-term man-
agement of anxiety, caution should be used in LTx patients. 
In addition to psychological and physical dependence and 
potential cognitive side effects, benzodiazepines may reduce 
upper airway muscle tone and blunt the arousal response to 
hypercapnia, which may lead to respiratory depression [27]. 
Both gabapentin and hydroxyzine can be considered for the 
short-term treatment of anxiety. In severe cases, low dose of 
quetiapine may be considered, especially in acute settings. 
Caution is recommended, as the use of any of these agents 
may be associated with respiratory depression and sedation. 
As always, all psychotropic agents should be started at low 
doses, and patients should be closely monitored.

 Post-traumatic Stress Disorder

Post-traumatic stress disorder associated with transplanta-
tion (PTSD-T) deserves special attention. Lung transplant 
recipients may experience many traumatic events as they go 
through their journey: from life-threatening deterioration 
and dyspnea due to their primary lung disease, to the LTx 
surgery itself, to the environment of ICU, to life-threatening 
post-LTx complications, such as rejections and infections 

[36]. The occurrence of PTSD-T can make routine clinic vis-
its anxiety provoking and rehospitalizations emotionally 
overwhelming. Some patients might postpone appointments 
or avoid necessary procedures and interventions, such as sur-
veillance bronchoscopies, as they are trying to avoid remind-
ers associated with the clinical environment. Others may find 
that engaging in activities that previously were considered 
normal is now anxiety triggering, and thus they avoid them. 
Examples include watching a movie where someone is 
drowning, wearing a tie around the neck, and talking and 
hearing other patients’ post-LTx experiences.

Dew et al. estimated that PTSD-T occurs in up to 15% of 
patients by the end of the first post-LTx year [31]. Gries et al. 
performed a cross-sectional study of 210 LTx recipients using 
PTSD checklist to determine the burden of PTSD symptom-
atology after the transplant (median time since transplant 
interquartile range 2.4  years (0.7–5.3)) [36]. The authors 
found that 12.6% of patients had symptoms of PTSD, with 
re-experiencing (29.5%) and arousal (33.8%) symptoms 
being more common than avoidant symptoms (18.4%). Risk 
factors for the development of PTSD symptoms included 
younger age, lack of private insurance, prior exposure to 
trauma, and diagnosis of BOS.

Based on other solid organ transplant studies, the two main 
factors consistently predicting the development of PTSD-T 
are a history of psychiatric illness prior to transplantation and 
poor social support post-transplantation [37]. In turn, the 
development of PTSD-T has been consistently associated with 
poor mental health-related QOL (HRQOL) and potentially 
associated with worse physical HRQOL [37]. In addition, 
studies of ICU survivors indicate that the development of ICU 
delirium and greater ICU benzodiazepine administration also 
increases the risk for post-ICU PTSD [38, 39].

The use of ICU diaries for critical illness survivors, where 
healthcare providers and families document occurring 
events, allow patients to process their frightening experi-
ences and may be helpful in the prevention of post-ICU 
PTSD [40]. In addition, inquiring about these experiences, 
normalizing them to some degree, helping patients to pro-
cess these memories and events, and referring to mental 
health professionals for further help can all be important 
interventions to decrease the risk and burden of PTSD-T.

 Substance Use Disorders

 Tobacco

As discussed in detail in Chap. 23, a history of tobacco use 
is common in at least some groups of patients undergoing 
LTx, such as those with chronic obstructive pulmonary dis-
ease (COPD). Therefore, there is a realistic concern for the 
risk of tobacco use relapse in these patients post-LTx. The 

27 Post-transplant Psychosocial and Mental Health Care of the Lung Recipient



294

emerging literature indicates that tobacco use in LTx recipi-
ents is not uncommon and is associated with worse clinical 
outcomes.

Vos et  al. surveyed 276 LTx recipients with 11% of 
patients reporting post-LTx smoking [41]. Patients on 
 average relapsed a year after LTx and smoked three ciga-
rettes per day. Risk factors for relapse included a history of 
emphysema associated with COPD (i.e., 23% of COPD 
patients relapsed), shorter cessation period prior to trans-
plant, lower socioeconomic status, exposure to second-
hand smoke, and being widowed. Similarly, Ruttens et al. 
reported a 12% smoking relapse rate in LTx recipients with 
such risk factors as COPD, shorter cessation of smoking, 
and peer smoking [42]. Smoking post-LTx was associated 
with an increased risk of oncologic events, specifically lung 
cancer. Also, Mateen et  al. reported that 11% of LTx 
patients returned to smoking post-LTx; moreover, current 
smoking status was associated with increased risk of death 
(HR 2.1) [4].

The use of self-report questionnaires demonstrated good 
sensitivity (85%) and specificity (100%) in screening patients 
for smoking post-LTx, as compared to urinary cotinine tests 
[42]. Inquiries regarding smoking should be done in non-
judgmental manner. In addition to self-report, patients may 
be monitored with toxicology screening of urine cotinine, a 
nicotine metabolite which has a longer half-life (10-25 
hours) as compared to nicotine (2 hours). If it is determined 
that patients are smoking, further motivational interviewing 
can be conducted to elicit change talk and help patients arrive 
at health-promoting behaviors [43]. Patients should be 
offered support and smoking cessation with both pharmaco-
logical and non-pharmacological approaches.

Alcohol

Few studies have been conducted regarding alcohol use dis-
order among LTx candidates. The impact on post-transplant 
outcomes is discussed in Chap. 23. Overall, more studies 
need to be conducted to better understand the relationship 
between post-LTx alcohol use and transplant outcomes.

 Other Substances

In terms of other substance use disorders, including intrave-
nous (IV) drug use, there is a paucity of data in LTx patients. 
Several interesting reports have been published on patients 
with talc granulomatosis (TG) among IV drug users. Talc 
(magnesium silicate) is used as a filler in many oral medica-
tions; it is insoluble in blood, and when administered intrave-
nously, it gets trapped in the lung, leading to granulomatous 
inflammation, interstitial fibrosis, airflow obstruction, and 

pulmonary arterial occlusion [44]. A single center in Alberta, 
Canada, reported on their experience with this patient popu-
lation [44]. They described that pentazocine (Talwin) and 
methylphenidate (Ritalin) are common oral medications 
which are dissolved and abused intravenously in their geo-
graphic region. On the other hand, IV heroin use can also 
lead to the development of TG.  In their study, out of 73 
patients referred for LTx for this indication to their center, 34 
(46.6%) were listed, and 19 (26%) were transplanted [44]. 
Selected patients were required to go through rehabilitation 
program, had a letter of support from their addiction coun-
selor, and signed an abstinence contract. As compared to 
patients who underwent LTx for other indications, patients 
with TG were more likely to be ex-smokers and to have 
comorbid hepatitis C. Post-LTx, there was no difference in 1 
and 5-year survival or rates of BOS between patients with 
TG and patients transplanted for other indications. The 
authors reported that no patients relapsed on IV drug use, but 
they had higher rates of post-transplant opioid dependence. 
An earlier case report did present a patient with TG who 
relapsed on IV drug use post-LTx [45], while yet another 
case report presented a successful case [46]. Thus, patients 
with IV drug use who are carefully screened and selected 
and undergo intensive rehabilitation treatments can do well 
after lung transplantation with necessary supports in place. It 
is important to closely collaborate with transplant and addic-
tion psychiatrists when treating patients with history of IV 
drug use and to ensure appropriate supports are in place.

Adherence

Adherence to post-LTx regimen, including medications, diet, 
exercise, clinic appointments, blood draws, and other recom-
mendations from the treatment team, is very important to 
maintain patients’ health and well-being. Lower immuno-
suppressive levels in LTx recipients are associated with 
increased incidence of chronic allograft dysfunction, includ-
ing BOS [47]. There is an increasing literature on adherence 
in LTx recipients, although more work needs to be done. 
Adherence is a complex construct with multiple contributors 
at play, including patients, their support systems, healthcare 
systems, insurance, finances, and others.

Dew et al. prospectively studied adherence in 9 areas of 
care among 178 LTx recipients, over a 2-year period after 
transplantation, and compared it to that of 126 heart trans-
plant (HTx) recipients [48]. Compared to HTx recipients, the 
cumulative incidence of nonadherence (found during at least 
two consecutive visits) was lower for LTx recipients in areas 
of medication taking (21% for HTx versus 13% for LTx), 
diet (56% versus 34%), and smoking (8% versus 1%). On the 
other hand, LTx recipients had higher nonadherence in the 
areas of completing blood work (17% for HTx versus 28% 
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for LTx) and monitoring blood pressure (59% versus 70%). 
LTx recipients had high rates of nonadherence to spirometry, 
which is not done in HTx (63%). Nonadherence to clinic 
attendance (27%), exercise (44%), and alcohol limitations 
(7%) were reported at similar rates between the two groups 
of cardiothoracic transplant recipients. Poor caregiver sup-
port and having only public insurance increased 
nonadherence.

A systematic review on adherence among LTx patients, 
which included 30 articles, commented on the variability on 
adherence definitions, methodologies employed, and time to 
follow up among the studies, thus making comparison analy-
ses challenging [49]. The authors did report that  nonadherence 
rates varied greatly across different areas and that no single 
risk factor was consistently identified. For example, medica-
tion-taking nonadherence ranged from 2.3% to 72.2% 
between the studies, with observation period varying from 
2 weeks to 4 years. Mortality was not affected by adherence 
in these studies.

Castleberry et al. analyzed the United Network for Organ 
Sharing (UNOS) database-reported data on lung (single 
organ) transplantations from October 1996 through 
December 2006 [50]. The study included 7284 patients who 
had a follow-up visit after transplantation documenting the 
degree of adherence to immunosuppressant agents during 
the first 4 years post-LTx. Nonadherence was termed “early” 
for events reported within the first year and “late” for events 
reported during years 2 through 4. The authors reported a 
3.1% and 10.6% for early and late nonadherence, respec-
tively [50]. Medicaid insurance and race (i.e., African-
American) were associated with early and late nonadherence; 
while ages 18–20 and grade school or lower education were 
associated with late nonadherence. Early and late nonadher-
ence were both associated with significantly shorter unad-
justed survival (p < 0.001). Others have found that patients 
who experience disturbing side effects from their immuno-
suppressant regimen are more likely to take “drug holidays,” 
postpone taking medications, or decrease doses on their own 
[21]. These findings highlight the many factors that contrib-
ute to the complexity of nonadherence. Access to healthcare, 
education, and other societal factors are important contribu-
tors. The authors note that racial factors might relate to dif-
ferences in biology and human leukocyte antigen status 
observed between different racial groups and/or bias intro-
duced by the providers documenting the nonadherence who 
might misinterpret clinical status as nonadherence. Young 
age has been demonstrated as a risk factor for nonadherence 
in prior studies [50] and might represent a developmental 
stage or biological factors at play. Understanding all of these 
factors and tailoring appropriate interventions is important to 
support patients and maximize their success.

Several interventions aimed at improving adherence to 
different aspects of LTx care have been investigated. The 

Pocket Personal Assistant for Tracking Health (Pocket 
PATH) is a mobile device developed for LTx patients for data 
maintenance, tracking, and reporting back to transplant pro-
viders. Its use has shown to increase performance of self-
care behaviors, as well as improve ratings of self-care agency 
and HRQOL during the first post-LTx year 1 [51, 52]. On a 
median follow-up of 5.7 years after transplant (range 4.2–
7.2 years), while pocket PATH exposure was not associated 
directly with improved clinical outcomes, self-monitoring 
behaviors promoted by PATH in the first post-transplant year 
were associated with reduced mortality risk, and reporting 
abnormal health indicators to transplant clinicians was asso-
ciated with reduced BOS and mortality risks [53].

 Quality-of-Life Studies

As discussed above, LTx recipients deal with complex medi-
cal regimens, treatment complications, psychological pro-
cessing, depression and anxiety, and ongoing existential 
quest after the LTx surgery. The surgery demarcates an 
important part of their life experience: it does not erase their 
struggles, just changes them. Beyond improving longevity, 
lung transplantation aims to improve patients’ QOL, which 
is influenced by a variety of factors. QOL represents a 
patient-centered outcome defined as an individual’s per-
ceived well-being based on multiple factors affecting one’s 
life: health, finances, social relationships, housing, and oth-
ers [54]. HRQOL pertains to those aspects dealing with 
health and disease that affect a person’s perception of their 
well-being. Lung transplantation has demonstrated to 
improve multiple domains contributing to QOL, such as 
physical functioning, general health, social functioning, 
dependency level, and dyspnea [54, 55]. One study found 
that most significant improvements happened within the first 
3 months post-LTx and peaked at 6 months [56]. Among LTx 
recipients, CF patients had the greatest improvements [56]. 
Another study showed that age was not associated with 
meaningful differences in the HRQOL after LTx, but there 
was less HRQOL benefit in patients with interstitial lung dis-
ease as compared to patients with CF [55].

One study reported frequent side effects to immunosup-
pressants in LTx recipients, including tremor in 70% and hir-
sutism in 68.1% [21]. These symptom experiences decreased 
reported QOL in patients [21]. Another study reported that 
compared to HTx recipients, lung patients took longer time 
to recover in terms of HRQOL, depression, and stress [57]. 
In addition, their social support team also experienced higher 
burden and more stress 1 year after LTx as compared to 
social support of HTx recipients.

An interesting study by Fox et  al. looked at posttrau-
matic growth (PTG) in 64 LTx recipients who survived on 
average 8  years at the time of evaluation [58]. PTG is 
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defined as “positive psychological change conferred after a 
major life event or traumatic experience” [58]. Researchers 
found that levels of growth were high for this group of 
patients and exceeded those observed in other chronic dis-
ease patient groups. Female gender, lower level of educa-
tion, history of post-transplant panic disorder, great friend 
support, and better perceived health were all associated 
with greater reported PTG.  Interestingly, medical comor-
bidities, such as the presence of BOS, were not associated 
with high levels of PTG, indicating that this construct of 
meaning is different from medical clinical outcome and 
that despite how well or poorly someone does medically 
after LTx, they can still experience psychological growth.

 Conclusions
Lung transplantation is just as much a psychological, as 
it is physical experience. Understanding what patients go 
through, anticipating what psychologically might lie 
ahead, and offering them the needed psychological 
support are paramount to their overall experience as a 
LTx recipient. Mental health clinicians play a large role 
in the well-being of LTx patients. There is a lot of 
interesting research that has been done and is still 
ongoing on the mental health aspects of LTx, and much 
more is needed. Specifically we need studies on 
preventative and treatment interventions for delirium, 
anxiety, depression, nonadherence, and other 
psychological and psychosocial experiences. As 
commentators Knezevik and Zalar noted [59], a lot of 
research money and resources are spent on medical 
causes to reduce post-LTx mortality, including figuring 
out the most effective induction and maintenance 
immunosuppressant therapies and ways to avoid or stop 
progression of BOS. As these authors point out, however, 
necessary recognition, priority, and resources are not 
given to ongoing psychosocial monitoring, interventions, 
and support to address post-transplant depression and 
adherence, which are definitely associated with post-LTx 
mortality. Hopefully, this will be changed soon.

Below are some conclusions and recommendations 
that the author shares given the above literature review.

Recommendations
 1. Delirium develops in at least one third of LTx recipients. 

All lung transplant recipients should be provided with 
non-pharmacological delirium prophylactic measures 
during the post-transplant period. Patients should be 
closely monitored for the development of delirium, its eti-
ologies addressed, and treatment suggested.

 2. LTx patients are at high risk for depression, which has 
been linked to reduced survival. Anxiety and PTSD-T are 
also common and distressing in this patient population. 
All patients should be screened for depression and anxi-

ety, as well as for PTSD-T, post-LTx. Screening can be 
done similarly to what is advised and done in CF clinics 
thanks to the guidelines from CF Foundation: Patients are 
screened at least once per year with Patient Health 
Questionnaire-9 (PHQ-9) and Generalized Anxiety 
Disorder-7 (GAD-7) [60]. Patients with elevated scores or 
clinical concerns should undergo further evaluation and 
be referred to the appropriate mental health services and 
treatments. Screening should be ongoing for those at risk.

 3. Patients should be screened for tobacco use pre- and post-
LTx. Self-report questionnaires are simple and have good 
sensitivity and excellent specificity, although urine coti-
nine tests are also readily available and eliminate the risk 
of nondisclosure. Patients who smoke post-LTx should be 
promptly treated, given the effects of smoking on 
increased morbidity and decreased survival.

 4. Nonadherence is common and multifactorial. Patients 
should be asked about nonadherence in nonjudgmental 
fashion, factors contributing should be understood, and 
patients supported with tailored approaches.

References

 1. Flynn K, Daiches A, Malpus Z, Yonan N, Sanchez M. ‘A post-
transplant person’: narratives of heart or lung transplantation and 
intensive care unit delirium. Health. 2014;18(4):352–68.

 2. Maldonado JR.  A cute brain failure: pathophysiology,  diagnosis, 
management, and sequelar of delirium. Crit Care Clin. 2017; 
33(3):461–519.

 3. Zivkovic SA, Jumaa M, Barisic N, McCurry K.  Neurologic 
complications following lung transplantation. J Neurol Sci. 
2009;280(1–2):90–3.

 4. Mateen FJ, Dierkhising RA, Rabinstein AA, van de Beek D, 
Wijdicks EF.  Neurological complications following adult lung 
transplantation. Am J Transplant. 2010;10(4):908–14.

 5. Shigemura N, Sclabassi RJ, Bhama JK, Gries CJ, Crespo MM, 
Johnson B, et  al. Early major neurologic complications after 
lung transplantation: incidence, risk factors, and outcome. 
Transplantation. 2013;95(6):866–71.

 6. Craven JL. Postoperative organic mental syndromes in lung trans-
plant recipients. Toronto lung transplant group. J Heart Transplant. 
1990;9(2):129–32.

 7. Santacruz JEE, Guzman Zavala E, Diaz-Gomez J, Budev M, 
Pettersson G, et al. Post-operative delirium in lung transplant recip-
ients: incidence and associated risk factors and morbidity chest. 
Chest. 2009;136(4_MeetingAbstracts):18S-a-18S.

 8. Smith PJ, Rivelli SK, Waters AM, Hoyle A, Durheim MT, Reynolds 
JM, et al. Delirium affects length of hospital stay after lung trans-
plantation. J Crit Care. 2015;30(1):126–9.

 9. Smith PJ, Blumenthal JA, Hoffman BM, Rivelli SK, Palmer SM, 
Davis RD, et al. Reduced cerebral perfusion pressure during lung 
transplant surgery is associated with risk, duration, and severity of 
postoperative delirium. Ann Am Thorac Soc. 2016;13(2):180–7.

 10. Sher Y, Mooney J, Dhillon G, Lee R, Maldonado JR.  Delirium 
after lung transplantation: association with recipient character-
istics, hospital resource utilization, and mortality. Clin Transpl. 
2017. 31(5).

 11. Anderson BJ, Chesley CF, Theodore M, Christie C, Tino R, 
Wysoczanski A, et  al. Incidence, risk factors, and clinical 

Y. Sher



297

 implications of post-operative delirium in lung transplant recipi-
ents. J Heart Lung Transplant. 2018;37:755–62.

 12. Maldonado JR. Neuropathogenesis of delirium: review of current 
etiologic theories and common pathways. Am J Geriatr Psychiatry. 
2013;21(12):1190–222.

 13. Vaughn BV, Ali II, Olivier KN, Lackner RP, Robertson KR, 
Messenheimer JA, et  al. Seizures in lung transplant recipients. 
Epilepsia. 1996;37(12):1175–9.

 14. Thyagarajan GK, Cobanoglu A, Johnston W. FK506-induced ful-
minant leukoencephalopathy after single-lung transplantation. Ann 
Thorac Surg. [Case Reports]. 1997;64(5):1461–4.

 15. Arimura FE, Camargo PC, Costa AN, Teixeira RH, Carraro RM, 
Afonso JE Jr, et al. Posterior reversible encephalopathy syndrome 
in lung transplantation: 5 case reports. Transplant Proc. [Case 
Reports]. 2014;46(6):1845–8.

 16. Hayes D Jr, Adler B, Turner TL, Mansour HM. Alternative tacro-
limus and sirolimus regimen associated with rapid resolution of 
posterior reversible encephalopathy syndrome after lung transplan-
tation. Pediatr Neurol. [Case Reports]. 2014;50(3):272–5.

 17. Bodkin CL, Eidelman BH. Sirolimus-induced posterior reversible 
encephalopathy. Neurology. [Case Reports]. 2007;68(23):2039–40.

 18. Rosso L, Nosotti M, Mendogni P, Palleschi A, Tosi D, Montoli M, 
et al. Lung transplantation and posterior reversible encephalopathy 
syndrome: a case series. Transplant Proc. 2012;44(7):2022–5.

 19. Levenson JL.  High-dose intravenous haloperidol for agitated 
delirium following lung transplantation. Psychosomatics. [Case 
Reports]. 1995;36(1):66–8.

 20. Lamy C, Oppenheim C, Mas JL. Posterior reversible encephalopa-
thy syndrome. Handb Clin Neurol. [Review]. 2014;121:1687–701.

 21. Kugler C, Fischer S, Gottlieb J, Tegtbur U, Welte T, Goerler H, 
et  al. Symptom experience after lung transplantation: impact on 
quality of life and adherence. Clin Transpl. 2007;21(5):590–6.

 22. Lanuza DM, Lefaiver CA, Brown R, Muehrer R, Murray M, Yelle M, 
et al. A longitudinal study of patients’ symptoms before and during 
the first year after lung transplantation. Clin Transpl. [Comparative 
Study Research Support, N.I.H., Extramural Research Support, 
Non-U.S. Gov’t]. 2012;26(6):E576–89.

 23. Hoffman BM, Blumenthal JA, Carney RC, O’Hayer CV, Freedland 
K, Smith PJ, et al. Changes in neurocognitive functioning following 
lung transplantation. Am J Transplant. 2012;12(9):2519–25.

 24. Cohen DG, Christie JD, Anderson BJ, Diamond JM, Judy RP, Shah 
RJ, et al. Cognitive function, mental health, and health-related qual-
ity of life after lung transplantation. Ann Am Thorac Soc. [Research 
Support, N.I.H., Extramural Research Support, Non-U.S.  Gov’t]. 
2014;11(4):522–30.

 25. Smith PJ, Rivelli S, Waters A, Reynolds J, Hoyle A, Flowers M, 
et al. Neurocognitive changes after lung transplantation. Ann Am 
Thorac Soc. 2014;11(10):1520–7.

 26. Smith PJ, Blumenthal JA, Hoffman BM, Davis RD, Palmer 
SM.  Postoperative cognitive dysfunction and mortality following 
lung transplantation. Am J Transplant. 2018;18(3):696–703.

 27. Fusar-Poli P, Lazzaretti M, Ceruti M, Hobson R, Petrouska K, 
Cortesi M, et al. Depression after lung transplantation: causes and 
treatment. Lung. [Review]. 2007;185(2):55–65.

 28. Smith PJ, Blumenthal JA, Trulock EP, Freedland KE, Carney RM, 
Davis RD, et  al. Psychosocial predictors of mortality following 
lung transplantation. Am J Transplant. [Randomized Controlled 
Trial Research Support, N.I.H., Extramural]. 2016;16(1):271–7.

 29. Rosenberger EM, DiMartini AF, DeVito Dabbs AJ, Bermudez 
CA, Pilewski JM, Toyoda Y, et  al. Psychiatric predictors of 
long-term transplant-related outcomes in lung transplant recipi-
ents. Transplantation. [Research Support, N.I.H., Extramural]. 
2016;100(1):239–47.

 30. Smith PJ, Blumenthal JA, Snyder LD, Mathew JP, Durheim MT, 
Hoffman BM, et  al. Depressive symptoms and early mortal-
ity following lung transplantation: a pilot study. Clin Transpl. 
2017;31(2):e12874.

 31. Dew MA, DiMartini AF, DeVito Dabbs AJ, Fox KR, Myaskovsky 
L, Posluszny DM, et  al. Onset and risk factors for anxiety and 
depression during the first 2 years after lung transplantation. Gen 
Hosp Psychiatry. 2012;34(2):127–38.

 32. Dew MA, Rosenberger EM, Myaskovsky L, DiMartini AF, 
DeVito Dabbs AJ, Posluszny DM, et  al. Depression and anxiety 
as risk factors for morbidity and mortality after organ transplan-
tation: a systematic review and meta-analysis. Transplantation. 
2015;100(5):988–1003.

 33. Smith PJ, Blumenthal JA, Carney RM, Freedland KE, O’Hayer CV, 
Trulock EP, et al. Neurobehavioral functioning and survival follow-
ing lung transplantation. Chest. [Multicenter Study Randomized 
Controlled Trial Research Support, N.I.H., Extramural Research 
Support, U.S. Gov’t, P.H.S.]. 2014;145(3):604–11.

 34. Van Asbroeck PJ, Huybrechts W, De Soir R. Case report, aetiology, 
and treatment of an acquired long-QT syndrome. Acta Clin Belg. 
[Case Reports]. 2014;69(2):132–4.

 35. Fusar-Poli P, Martinelli V, Politi P, Hobson R. Successful antide-
pressive treatment with mirtazapine following lung transplanta-
tion. Prog Neuro-Psychopharmacol Biol Psychiatry. [Case Reports 
Letter]. 2008;32(7):1745–6.

 36. Gries CJ, Dew MA, Curtis JR, Edelman JD, DeVito DA, Pilewski 
JM, et al. Nature and correlates of post-traumatic stress symptom-
atology in lung transplant recipients. J Heart Lung Transplant. 
[Research Support, N.I.H., Extramural Research Support, Non-
U.S. Gov’t]. 2013;32(5):525–32.

 37. Davydow DS, Lease ED, Reyes JD.  Posttraumatic stress disor-
der in organ transplant recipients: a systematic review. Gen Hosp 
Psychiatry. [Research Support, N.I.H., Extramural Review]. 
2015;37(5):387–98.

 38. Davydow DS, Gifford JM, Desai SV, Needham DM, Bienvenu 
OJ.  Posttraumatic stress disorder in general intensive care 
unit survivors: a systematic review. Gen Hosp Psychiatry. 
2008;30(5):421–34.

 39. Wade D, Hardy R, Howell D, Mythen M. Identifying clinical and 
acute psychological risk factors for PTSD after critical care: a sys-
tematic review. Minerva Anestesiol. 2013;79(8):944–63.

 40. Parker AM, Sricharoenchai T, Raparla S, Schneck KW, 
Bienvenu OJ, Needham DM.  Posttraumatic stress disorder 
in critical illness survivors: a metaanalysis. Crit Care Med. 
[Meta-Analysis Research Support, N.I.H., Extramural Review]. 
2015;43(5):1121–9.

 41. Vos R, De Vusser K, Schaevers V, Schoonis A, Lemaigre V, Dobbels 
F, et al. Smoking resumption after lung transplantation: a sobering 
truth. Eur Respir J. [Letter Research Support, Non-U.S.  Gov’t]. 
2010;35(6):1411–3.

 42. Ruttens D, Verleden SE, Goeminne PC, Poels K, Vandermeulen 
E, Godderis L, et al. Smoking resumption after lung transplanta-
tion: standardised screening and importance for long-term out-
come. Eur Respir J. [Letter Research Support, Non-U.S.  Gov’t]. 
2014;43(1):300–3.

 43. Lindson-Hawley N, Thompson TP, Begh R.  Motivational inter-
viewing for smoking cessation. Cochrane Database Syst Rev. 
[Meta-Analysis Research Support, Non-U.S.  Gov’t Review]. 
2015;2(3):CD006936.

 44. Weinkauf JG, Puttagunta L, Nador R, Jackson K, LaBranche K, 
Kapasi A, et  al. Long-term outcome of lung transplantation in 
previous intravenous drug users with talc lung granulomatosis. 
Transplant Proc. 2013;45(6):2375–7.

 45. Cook RC, Fradet G, English JC, Soos J, Muller NL, Connolly 
TP, et  al. Recurrence of intravenous talc granulomatosis follow-
ing single lung transplantation. Can Respir J. [Case Reports]. 
1998;5(6):511–4.

 46. Shlomi D, Shitrit D, Bendayan D, Sahar G, Shechtman Y, Kramer 
MR. Successful lung transplantation for talcosis secondary to intra-
venous abuse of oral drug. Int J Chron Obstruct Pulmon Dis. [Case 
Reports]. 2008;3(2):327–30.

27 Post-transplant Psychosocial and Mental Health Care of the Lung Recipient



298

 47. Husain AN, Siddiqui MT, Holmes EW, Chandrasekhar AJ, McCabe 
M, Radvany R, et al. Analysis of risk factors for the development 
of bronchiolitis obliterans syndrome. Am J Respir Crit Care Med. 
1999;159(3):829–33.

 48. Dew MA, Dimartini AF, De Vito DA, Zomak R, De Geest S, 
Dobbels F, et  al. Adherence to the medical regimen during 
the first two years after lung transplantation. Transplantation. 
[Comparative Study Research Support, N.I.H., Extramural]. 
2008;85(2):193–202.

 49. Hu L, Lingler JH, Sereika SM, Burke LE, Malchano DK, 
DeVito DA, et  al. Nonadherence to the medical regimen after 
lung transplantation: a systematic review. Heart Lung. [Review]. 
2017;46:178–86.

 50. Castleberry AW, Bishawi M, Worni M, Erhunmwunsee L, Speicher 
PJ, Osho AA, et al. Medication nonadherence after lung transplan-
tation in adult recipients. Ann Thorac Surg. [Observational Study]. 
2017;103(1):274–80.

 51. DeVito DA, Dew MA, Myers B, Begey A, Hawkins R, Ren D, et al. 
Evaluation of a hand-held, computer-based intervention to pro-
mote early self-care behaviors after lung transplant. Clin Transpl. 
[Randomized Controlled Trial]. 2009;23(4):537–45.

 52. DeVito DA, Song MK, Myers BA, Li R, Hawkins RP, Pilewski JM, 
et  al. A randomized controlled trial of a mobile health interven-
tion to promote self-management after lung transplantation. Am 
J Transplant. [Randomized Controlled Trial Research Support, 
N.I.H., Extramural]. 2016;16(7):2172–80.

 53. Rosenberger EM, DeVito Dabbs AJ, DiMartini AF, Landsittel 
DP, Pilewski JM, Dew MA.  Long-term follow-up of a random-
ized controlled trial evaluating a mobile health intervention for 
self-Management in Lung Transplant Recipients. Am J Transplant. 
[Randomized Controlled Trial]. 2017;17(5):1286–93.

 54. Kolaitis NA, Singer JP. Defining success in lung transplantation: 
from survival to quality of life. Semin Respir Crit Care Med. 
2018;39(2):255–68.

 55. Singer LG, Chowdhury NA, Faughnan ME, Granton J, Keshavjee 
S, Marras TK, et  al. Effects of recipient age and diagnosis on 
health-related quality-of-life benefit of lung transplantation. Am 
J Respir Crit Care Med. [Clinical Study Research Support, Non-
U.S. Gov’t]. 2015;192(8):965–73.

 56. Finlen Copeland CA, Vock DM, Pieper K, Mark DB, Palmer 
SM.  Impact of lung transplantation on recipient quality of life: a 
serial, prospective, multicenter analysis through the first posttrans-
plant year. Chest. [Multicenter Study Randomized Controlled Trial 
Research Support, Non-U.S. Gov’t]. 2013;143(3):744–50.

 57. Agren S, Sjoberg T, Ekmehag B, Wiborg MB, Ivarsson 
B. Psychosocial aspects before and up to 2 years after heart or lung 
transplantation: experience of patients and their next of kin. Clin 
Transpl. 2017;31(3).

 58. Fox KR, Posluszny DM, DiMartini AF, DeVito Dabbs AJ, 
Rosenberger EM, Zomak RA, et  al. Predictors of post-traumatic 
psychological growth in the late years after lung transplantation. 
Clin Transpl. [Clinical Trial Research Support, N.I.H., Extramural 
Research Support, Non-U.S. Gov’t]. 2014;28(4):384–93.

 59. Knezevic I, Zalar B. Pre-transplant depression in lung recipients – a 
lost battle? Transpl Int. 2018;31(5):481–3.

 60. Quittner AL, Abbott J, Georgiopoulos AM, Goldbeck L, Smith 
B, Hempstead SE, et  al. International committee on men-
tal health in cystic fibrosis: Cystic Fibrosis Foundation and 
European cystic fibrosis society consensus statements for screen-
ing and treating depression and anxiety. Thorax. [Consensus 
Development Conference Research Support, Non-U.S.  Gov’t]. 
2016;71(1):26–34.

Y. Sher



Part VII

Visceral Transplantation



301© Springer International Publishing AG, part of Springer Nature 2019
Y. Sher, J. R. Maldonado (eds.), Psychosocial Care of End-Stage Organ Disease and Transplant Patients, 
https://doi.org/10.1007/978-3-319-94914-7_28

Intestinal Failure and Indications 
for Visceral Transplantation

Yelizaveta Sher

 Introduction

The term intestinal failure was first coined in 1981 by 
Fleming and Remington to describe “a reduction in the func-
tioning gut mass below the minimal amount necessary for 
adequate digestion and absorption of food” [1]. Over time, 
the term has undergone several transformations [2]. At this 
time, intestinal failure (IF) is understood as the inability of 
the gut to absorb necessary macronutrients (protein, carbo-
hydrates, and fat), micronutrients (minerals, vitamins, and 
electrolytes), and fluid required to maintain health and/or 
growth, resulting in necessity for parenteral nutrition (PN) 
[2–4]. The basic defect results from the decrease of absorp-
tive length of the small intestine and reduction of the entero-
cyte mass. An international consensus group recently 
attempted to address this issue by proposing that intestinal 
failure results from obstruction, dysmotility, surgical resec-
tion, congenital defect, or disease-associated loss of absorp-
tion and is characterized by the inability to maintain protein, 
energy, fluid, electrolyte, or micronutrient balance [5].

Different portions of the intestine perform different func-
tions (see Table 28.1). Depending on the potential etiologies, 
the particular segment that is lost or resected, and the health 
and length of the remaining gut, nutritional autonomy can be 
attained [6, 7]. If autonomy is not attained, patients are diag-
nosed with IF. IF is a rare condition, with chronic IF which 
requires long-term PN, affecting 50 per million people [8]. 
This condition has significant healthcare-related as well as 
individual costs.

 Etiologies of Intestinal Failure

IF can have childhood or adult onset, be congenital or 
acquired, and be acute or chronic [2]. The most common eti-
ologies in infants are necrotizing enterocolitis (14%) and 
congenital intestinal anomalies (e.g., gastroschisis (22%), 
volvulus (16%), and motility disorder (18%)) [9]. The most 
common etiologies in adults include mesenteric ischemia/
thrombosis (24%), inflammatory bowel disease (i.e., Crohn’s 
disease) (11%), tumors (13%), volvulus (8%), and trauma 
(7%) [9]. The most common umbrella etiology in both chil-
dren and adults is short bowel syndrome (SBS), resulting 
from the extensive bowel loss and accounting for two thirds 
of the cases in both children and adults [9, 10].

IF is classified into three categories based on the acuity of 
presentation and duration [2]. “Type 1” IF often occurs fol-
lowing abdominal surgery, such as postoperative ileus, and is 
self-limiting. “Type 2” IF usually follows significant surgical 
bowel resection with the remnant intestine of less than 
200 cm in length in patients with Crohn’s disease (CD) or 
mesenteric vascular disease, although there may be other 
causes. Type 2 IF is usually associated with significant sep-
tic, metabolic, and complex nutritional complications [4, 
11]. The resulting SBS leads to electrolyte and metabolic 
derangements, and patients require PN support. “Type 3” IF 
is a chronic form of intestinal failure requiring long-term 
nutritional support [4, 11].

 Mesenteric Ischemia

Mesenteric ischemia is a rare condition associated with high 
mortality, in up to 80% of patients, if not addressed in timely 
fashion [12]. Since the small intestine has very little collat-
eral circulation, acute arterial occlusions from emboli 
(responsible for approximately 50% of such cases) lead to 
SBS in those who survive such an event [10]. The left ven-
tricle from cardiac dysrhythmias, cardiac valves from endo-
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carditis, and aortic atherosclerotic plaque are responsible 
for the majority of emboli. In 10% of patients, venous occlu-
sion is responsible for mesenteric ischemia and is usually 
related to a hypercoagulable state. Patients with venous 
mesenteric thrombosis require thrombophilia workup and 
hematologic evaluation to decrease risk of future events in 
the remaining or transplanted gut [10]. Mesenteric ischemia 
accounts for 24% of adult patients undergoing intestinal 
transplantation [9].

 Crohn’s Disease

CD is an inflammatory disease characterized by transmural 
inflammation of the gastrointestinal tract; it may involve the 
entire gastrointestinal tract from mouth to the perianal area. 
CD is the second largest indication for intestinal transplant in 
adults, responsible for approximately 11% of such trans-
plants [9]. Common complications of CD, such as perfora-
tion, stricture, obstruction, and abscess, lead to multiple 
surgical procedures, which over the time may result in IF and 
dependence on PN [10].

 Acute Volvulus

In children typical cases of volvulus present due to classic 
congenital mesenteric anatomic defects [10]. However, in 
adults, acute volvulus is usually due to surgically altered 

mesenteric anatomy, for example, following the Roux-en-Y 
gastric bypass surgery, leading to intestinal ischemia and 
necessitating a life-saving total enterectomy [10].

 Adult Motility Disorders

Motility disorders of the intestine are characterized by 
obstructive gastrointestinal symptoms without any evidence 
of obstruction [10]. Patients present with nausea and vomit-
ing, abdominal bloating, diffuse chronic abdominal pain, and 
weight loss. Patients develop IF and require PN. Patients do 
not respond to intestinal rehabilitation and frequently 
undergo multiple futile explorative abdominal surgeries. 
These disorders account for approximately 11% of adult 
patients undergoing intestinal transplantation [10].

 Intraabdominal Malignancy

Majority of the abdominal tumors in adults leading to intes-
tinal transplantation are desmoid tumors, which are benign 
fibromatous neoplasms which can be infiltrative and invasive 
leading to the entrapment of the mesenteric vasculature, 
obstruction, and fistula formation [10]. These tumors fre-
quently do not respond to conventional chemotherapy and 
thus require complete surgical resection, leading to ultra-
short bowel syndrome, due to their location. Tumors account 
for 13% of intestinal transplants in adults [9].

Table 28.1 Functions of the gastrointestinal tract structures and effects of their loss

Structures  of 
gastrointestinal tract Length Function Effect of loss/resection
Duodenum
Jejunum

20–25 cm
~2.5 m

Duodenum receives gastric chyme from the stomach, digestive 
enzymes from the pancreas, and bile from the liver. The 
digestive enzymes break down proteins, and bile emulsifies fats 
into micelles.
First 150 cm of the small intestine absorb calcium, magnesium, 
phosphorus, iron, and folic acid.

Severe metabolic derangements

Initial 100–200 cm of the jejunum absorb macronutrients, (i.e., 
carbohydrates and protein), and micronutrients, (i.e., water-
soluble vitamins).
Jejunum absorbs water.

Malnutrition
Dehydration

Ileum ~3 m Absorbs fluid.
Absorbs vitamin B12 and bile salts.
Produces hormones (i.e., cholecystokinin, peptide YY, 
glucagon-like peptide).

Pernicious anemia
Rapid gastric emptying and increased 
intestinal transit, resulting in 
hypertonic intestinal contents, 
diarrhea and dehydration

Ileocecal valve (ICV) Regulates the delivery of contents into the colon and serves as a 
mechanical barrier preventing reflux of colonic contents and 
bacteria.

Preservation allows return of oral diet 
and nutritional autonomy

Colon ~1.5 m Absorption: Fluids and electrolytes.
Absorbs 1 and up to 6 L of water per day.
Also is a site of bacterial fermentation, aiding in conversion of 
undigested carbohydrates to absorbable short-chain fatty acids.

Dehydration
Malnutrition

Adapted from Bharadwaj et al. [2] and Lal et al. [4]
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 Re-transplantation

Re-transplantation has grown as an indication for intestinal 
transplant in the recent years and accounts for 7% of patients 
undergoing this transplant [9, 10]. However, the prognosis of 
patients with isolated intestinal re-transplant is poor as com-
pared to patients with their first intestinal transplant, due to 
high rates of rejection, primarily owing to the increased allo-
sensitization in the candidate [10]. Patients with liver-intestine 
re-transplant have better outcomes likely due to the immuno-
genic protective effects of the liver allograft [10].

 Parenteral Nutrition and Associated 
Complications

Although required to sustain life in IF, PN is associated with 
a variety of significant adverse effects. The most important 
complications of PN are venous access-related problems, 
including catheter-related bloodstream infections (CRBSI), 
IF-associated liver disease (IFALD), metabolic bone disease, 
and a negative effect on quality of life [2, 13].

 CRBSI

Patients with IF require venous access for ongoing parenteral 
nutrition. For those in need of long-term PN at home, tun-
neled catheters and infusion ports are mostly used; for 
patients who will likely require PN for not longer than 
12–18 months, peripherally inserted central venous catheters 
(PICCs) are the method of access [14]. The most common 
complications related to venous access are infections, throm-
bosis, occlusions, and pneumothorax [14]. CRBSI represent 
the most serious threat, usually requiring hospital admission, 
elevating care costs, and leading to increased morbidity and 
mortality [13]. In a systematic analysis of 39 studies with 
noted variability in terminology and definitions observed, 
the overall rate of CRBSI ranged between 0.38 and 4.58 epi-
sodes/1000 catheter days (median 1.31) [14]. Half of the 
infections identified were caused by gram-positive bacteria 
(i.e., human skin flora), such as Staphylococcus spp. Patient-
related factors have been investigated by various groups. For 
example, O’Keefe et al. demonstrated that some of the risk 
factors for recurrent infections included CD (potentially due 
to immunologic defects), younger age, poor hand hygiene, 
and smoking status [15]. Others have suggested that taking 
opiods or sedative medications might contribute to this risk 
[16]. CRSBI are responsible for 5% of all deaths in patients 
on PN [3].

 IF-Associated Liver Disease (IFALD)

IFALD is a significant complication of PN.  Between 25% 
and 100% of patients on long-term PN develop liver enzyme 
abnormalities, while end-stage liver disease may develop in 
15–40% of these patients [13]. IFALD is more common in 
children (25–50%) [8, 17], as compared to adults (<5%) [8, 
18]. The pathophysiology of IFALD is multifactorial and 
includes intrahepatic inflammation associated with steato-
hepatitis, sepsis, nutrient deficiencies (i.e., choline, taurine, 
and essential fatty acids), nutrient excesses (i.e., lipid, glu-
cose, and protein), dysfunctional biliary system (i.e., gall 
stones and bile acidification), medications, bacterial over-
growth, and some PN components [8].

It has been noted that when a modest amount of total 
energy but minimal amount of fat is given via PN, severe 
liver dysfunction is uncommon despite abnormal liver func-
tion tests [18]. Risk factors for IFALD include excess carbo-
hydrates, excess fat, and longer duration of PN [13]. Based 
on the degree of liver function test elevations, patients are 
assessed for overfeeding, medications are reviewed, fat 
emulsion use is decreased, ultrasonography of gallbladder is 
performed, and eventually patients are referred to hepatol-
ogy, if indicated [13].

 Metabolic Bone Disease

Patients on long-term home PN are at risk for developing 
metabolic bone disease (i.e., osteoporosis and osteomalacia) 
[13]. In fact, 41–46% of patients on chronic PN develop 
osteoporosis on bone densitometry [8]. The etiologies lead-
ing to metabolic bone disease include vitamin D deficiency, 
the underlying condition (e.g., CD), and the mishandling of 
calcium and phosphate [8]. It is recommended that patients 
undergo a dual-energy, x-ray absorptiometry scan in their 
first year. If test results are abnormal, they should be referred 
to an endocrinologist for possible treatment with calcium, 
vitamin D, bisphosphonates, and teriparatide. Those who 
have normal bone scan results should continue monitoring 
with dual-energy, x-ray absorptiometry scan every 2 years, in 
addition to regular serum and urine monitoring of calcium, 
phosphorus, and magnesium [13].

 Other Complications

Other complications of PN include fluid overload, electrolyte 
imbalances, and renal disease [8]. Renal dysfunction results 
from chronic dehydration as well as nephrolithiasis [8].
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 Outcomes

Due to the underlying diseases, as well as the above listed 
complications, patients requiring long-term PN commonly 
experience increased mortality [2]. In fact, in one study of 
437 patients cared for in an academic medical center and 
requiring first-time use of TPN for an average of 1.5 years 
had a mortality rate of 42% [19]. The average age of this 
cohort was 60  years of age and 43% had an underlying 
malignancy [19]. In this cohort, risk factors for mortality 
included older age, admission to an intensive care unit or a 
nonsurgical department, lower body mass index, and an 
underlying malignancy [19].

 Intestinal Adaptation

The bowel undergoes significant adaptation, even years after 
resection, in order to increase its absorptive area [13, 20]. 
Intestinal adaptation is a natural compensatory process 
where structural and functional changes in the intestine 
occur to improve nutrient and fluid absorption [20]. With 
time, the diameter and height of the villi increase to allow for 
more absorption in the remaining intestine. The factors that 
are important for intestinal adaptation include health of the 
remaining bowel, residual colonic length, location of resec-
tion (duodenum, jejunum, or ileum), enteral nutrients, and 
enterotrophic factors [20]. Enteral nutrients are very impor-
tant for this process to stimulate gastric secretion, gastric 
emptying, and intestinal transit, eventually leading to epithe-
lial surface area increase [20]. Two intestinotrophic growth 
factors, the glucagon-like peptide 2 analog teduglutide and 
recombinant growth hormone (somatropin), have been 
approved by the FDA and are used in patients with SBS, 
enhancing fluid absorption and decreasing requirements for 
PN and intravenous fluids in these patients [20]. Although it 
has been thought that intestinal adaptation is limited to 
1–2 years after bowel loss or resection, it has been shown 
that patients can achieve nutritional autonomy after many 
years of being on PN [20].

 Intestinal Rehabilitation

The main goal of the intestinal rehabilitation program is to 
wean patients off or avoid the long-term use of PN [13, 20]. 
Success in weaning from PN depends on many factors, 
including the length and anatomy of the remaining bowel. In 
general, patients with a remaining small bowel length greater 
than 100  cm and with a part of the colon, or a length of 
remaining small bowel greater than 150 cm without an intact 
and functional colon, can succeed with intestinal adaptation 
and be weaned off PN [13, 20]. Intestinal rehabilitation con-

sists of specific dietary interventions (e.g., modified oral diet 
or enteral nutrition [EN]), fiber supplementation, pharmaco-
logical measures, and surgical techniques with the goal to 
wean patients off PN therapy and attain complete nutritional 
autonomy (CNA) [6]. In fact, 50–75% of patients can wean 
off PN within 2 years of intestinal rehabilitation. In one study 
of 61 patients with SBS undergoing intestinal rehabilitation 
with EN, 85% of patients were weaned off PN when the fol-
low-up took place at an average of 50 months [21]. Overall 
patient survival at 50 months of follow-up in this study was 
95% [21]. Those patients who cannot be weaned off PN are 
deemed to have permanent IF and will need a referral for a 
potential intestinal or multivisceral transplantation.

 Evaluation for Transplant

Intestinal and multivisceral transplant emerged as a life-sav-
ing surgical intervention that can prolong lives and improve 
quality of life for patients with permanent IF who are unable 
to tolerate PN [3]. The Centers for Medicare and Medicaid 
Services-approved indications for intestinal transplantation 
consist of complications of PN, such as severe IFALD, loss 
of central venous access due to thrombosis, recurrent line 
infection and sepsis, and recurrent dehydration [2, 22]. In 
addition, the American Society of Transplantation recom-
mends that the following patients are also considered and 
referred to the intestinal transplantation: patients at high risk 
of death from their primary disease (e.g., abdominal desmoid 
tumors, congenital mucosal disorders), patients with severe 
SBS (e.g., gastrotomy, duodenostomy, residual small bowel 
<10 cm in infants and < 20 cm in adults), patients who have 
frequent hospitalizations, narcotic dependency, or pseudo-
obstruction, and patients who are unwilling to accept long-
term home PN [3, 10, 23].

Some experts argue that patients should be referred earlier 
to intestinal transplantation and preferably transplanted 
before development of IFALD and within 1 year of initiation 
of long-term PN [3].

Contraindications to intestinal transplant are similar to 
those listed for liver transplantation, including active infec-
tion, aggressive malignancy, multisystem organ failure, 
cerebral edema, and overt acquired immune deficiency syn-
drome [24].

Evaluation for potential intestinal transplant is customar-
ily conducted by a multidisciplinary team, usually consist-
ing of a transplant surgeon, hepatologist/gastroenterologist, 
social worker, financial coordinator, pharmacist, infectious 
disease specialist, cardiologist, dietician, and a mental 
health expert. In addition to obtaining detailed past medical 
and surgical histories, and reviewing laboratory, serologic, 
endoscopic, and radiologic results, patients may require a 
liver biopsy, if significant liver disease is suspected. The 
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evaluation will determine what type of intestinal  transplant 
will be required. The particular types, history, management, 
and outcomes of intestinal transplant are discussed in Chaps. 
29 and 32.

 Conclusions
Intestinal failure is a rare but debilitating condition that 
can affect children and/or adults. After loss of intestinal 
tissue, the remaining bowel can undergo intestinal adapta-
tion, and eventually some patients can return to nutritional 
anatomy via oral intake. Intestinal rehabilitation, consist-
ing of specific dietary interventions, fiber supplementa-
tion, pharmacological measures, and surgical techniques, 
allows patients to attain such autonomy. However, others 
require lifelong PN, which is associated with its own set 
of complications, including venous access-related prob-
lems, such as catheter-related bloodstream infections, 
IF-associated liver disease, metabolic bone disease, and 
decreased quality of life. Intestinal transplant is an option 
for these patients and can decrease risk of such complica-
tions, allow reestablishment of oral diet, and improve 
quality of life.
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Abbreviations

CMS Centers for Medicare and Medicaid Services
CMV Cytomegalovirus
DSA Donor-specific antibodies
EBV Epstein-Barr virus
GVHD Graft-versus-host disease
HRQOL Health-related quality of life
PTLD Post-transplant lymphoproliferative disease
PTLD Post-transplant lymphoproliferative disorders
rATG Rabbit antithymocyte globulin
SGS Short gut syndrome
TPN Total parenteral nutrition

 Introduction

For many decades, the abdominal viscera were considered a 
forbidden organ for clinical transplantation because of the 
associated massive lymphoid tissue, high antigenicity, and 
microbial colonization [1, 2]. However, the practical clinical 
application of the procedure was only feasible after the clini-
cal introduction of Tacrolimus in 1989 with history of spo-
radic attempts under cyclosporine-based immunosuppression 
during the late 1980s [3, 4]. With waves of enthusiasm and 
disappointment, the continual evolution of the procedure was 
achievable as a result of continuous interplay between inno-
vative surgical techniques, novel immunosuppressive strate-
gies, and improved postoperative care [1, 2, 5].

In 2000, the Centers for Medicare and Medicaid Services 
(CMS) qualified intestinal and multivisceral transplanta-

tion as the standard of care for patients with irreversible gut 
failure who no longer can be maintained on total parenteral 
nutrition (TPN) [6]. With the subsequent increase in the 
worldwide experience, practical guidelines including 
expansion of the initial indications have evolved in recent 
years [7, 8]. Despite the continual improvement in out-
comes, the procedure is still limited to patients with nutri-
tional failure who no longer can be maintained on TPN. In 
addition, a few healthcare providers currently mandate fail-
ure of gut rehabilitative efforts as a prerequisite for trans-
plantation. However, it is imperative to emphasize that 
early transplantation, at centers of excellence, has been 
associated with many therapeutic advantages including bet-
ter survival, full restoration of nutritional autonomy, and 
improved quality of life [5]. Furthermore, halting the TPN-
associated irreversible damage to the native liver with early 
transplantation reduces the need for simultaneous hepatic 
replacement.

This chapter focuses on the 50-year evolution of intestinal 
and multivisceral transplantation with special reference to 
nomenclature, indications, surgical techniques, management 
strategies, and therapeutic efficacy. The types of the visceral 
allograft are addressed in the milieu of newly introduced sur-
gical techniques, and immunosuppression is discussed 
according to the era of transplantation. Evolution of postop-
erative management and long-term outcomes are featured 
according to the multifaceted continual improvement in the 
different aspects of the field.

 Nomenclature and Type of Visceral Allograft

Nearly a decade ago, controversies were raised concerning 
the existing nomenclature of the different types of visceral 
transplantation [9, 10]. Such a dispute was emanated from 
the continual technical advances in the donor and recipient 
operation and the lack of better understanding of the his-
toric evolution of the field [3, 10]. Establishment of the 
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current distinctive nomenclature has largely stemmed from 
the historic anatomic and surgical principles described with 
the original multivisceral transplant procedure [11, 12]. 
The intestine has always been the central core of any 
abdominal visceral allograft, and the nomenclature is based 
upon the type and number of donor organs that are included 
en bloc with the intestine (Table 29.1) [10]. Accordingly, 
the three main prototypes of visceral transplantation are 
isolated: intestinal (Fig. 29.1a), liver-intestinal (Fig. 29.1b), 
and multivisceral including the stomach, duodenum, pan-
creas, intestine, and liver (Fig. 29.1c).

The terms “isolated intestinal” and “multivisceral” origi-
nated more than half a century ago. The “liver-intestinal” 
was introduced in 1990 and subsequently modified to include 
the donor pancreaticoduodenal complex [14, 15]. In 1993, a 
subtype of the full multivisceral procedure was introduced 
with exclusion of the donor liver in patients with normal 
hepatic functions and named a “modified” multivisceral 
transplantation (Fig. 29.1d) [16]. It is important to empha-
size that the term “multivisceral” is a distinctive nomencla-
ture that describes the stomach-contained abdominal visceral 
allograft with (full) and without (modified) inclusion of the 
liver [10]. The term “cluster” transplant is a misnomer since 
it does not include the intestine as part of the allograft 
(Fig. 29.2). The “multi-organ” transplantation is also a com-
mon mis-nomenclature and should only be used when mul-
tiple solid abdominal or thoracic organs are transplanted 
simultaneously or sequentially without en bloc inclusion of 
the intestine.

 Current Indications

Despite continual improvement in survival, the current uti-
lization of the isolated intestinal transplant procedure is 
still limited to patients with irreversible intestinal failure 
who no longer can be maintained on artificial intravenous 
nutrition and those with ultrashort gut syndrome [6, 17]. 
Accordingly, the operation is mostly used as a rescue ther-
apy for patients with TPN-associated life-threatening com-
plications including frequent catheter-related infection, 
vanishing of the central venous access, and development of 
significant hepatic injury as fully defined by the senior 
author (KAE) in the CMS memorandum [6]. With short gut 
syndrome (SGS) being the major cause of irreversible 
intestinal failure, the underlying causes are mostly vascular 
thrombosis and Crohn’s disease in adults and congenital 
disorders in children (e.g., gastroschisis, necrotizing 
enterocolitis, volvulus, microvillous inclusion disease). 
Other indications include motility disorders, neoplastic 
syndromes, trauma, enterocyte functional disorders, and 
other primary gastrointestinal diseases [17]. See Chap. 28 
for further descriptions of intestinal failure and indications 

for intestinal transplant. Patients with intestinal failure and 
beta-cell failure commonly require combined intestinal and 
pancreatic transplantation. The coexistence of renal failure 
dictates the need for simultaneous or subsequent kidney 
transplantation.

Composite visceral transplantation utilizing the com-
bined liver-intestinal and multivisceral allografts is com-
monly indicated for patients with multiple abdominal 
visceral organ failure and those with complex abdominal 
pathology [2, 5, 8, 17]. The liver-intestinal allograft is 
mostly given to the intestinal failure patients with end-stage 
liver disease due to long-term TPN therapy and other asso-
ciated primary hepatic pathology [6]. The procedure is also 
indicated for patients with hepatic failure combined with 
other splanchnic vascular disorders that precludes isolated 
liver transplantation [6, 18].

The full and modified multivisceral transplantation has 
been increasingly utilized for patients with diffuse gut disor-
ders and complex abdominal pathology [8]. The common 
indications include global gut dysmotility, neoplastic syn-
dromes with extensive gut involvement, and diffuse porto-
mesenteric venous thrombosis [8, 17]. The full multivisceral 
procedure is primarily indicated for patients with concomi-
tant liver failure and those with diffuse thrombosis [18]. The 
modified procedure with exclusion of the liver is commonly 
utilized for those with preserved native hepatic functions 
[16]. In patients with hostile abdomen and complex upper 
abdominal pathology, the native liver is replaced as part of 
the full multivisceral procedure regardless of the status of the 
hepatic functions particularly among the pediatric popula-
tion and those who are undergoing re-transplantation due to 
allograft rejection with and without the use of the domino 
procedure [5, 8].

The contraindications for all of the above types of vis-
ceral transplantation are fully addressed elsewhere [5]. 
They include severe cardiopulmonary insufficiency, incur-
able malignancy, and persistent significant systemic and/or 
abdominal infections. In addition to these universal stan-
dard contraindications, poor psychosocial support has been 
recently identified as a major risk factor for successful 
long-term outcome [19]. Accordingly, the coexistence of 
nonfunctional social support should be considered a rela-
tive contraindication to transplantation. On the contrary, 
the presence of controlled neuropsychiatric disorders 
should not  preclude transplantation because successful 
rehabilitation after surgery has been recently demonstrated 
[8]. Another evolving contraindication is the coexistence of 
acquired immune deficiencies due to the prohibitive risk of 
graft-versus-host disease (GVHD) [8]. Without innovative 
immune-modulatory approaches including stem cell trans-
plantation, the procedure should not be considered in the 
presence of acquired or hereditary immune deficiency 
syndromes.
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Transplanted
organs

Transplanted
organs

Transplanted
organs

Transplanted
organs

a b c d

Fig. 29.1 The three main prototypes of visceral transplantation: (a) the 
isolated intestine, (b) the liver plus intestine with inclusion of the duo-
denopancreatic complex, and (c) full multivisceral that includes the 
stomach, duodenum, pancreases, intestine, and liver. The full multivis-

ceral graft can be modified by retraining the native liver and transplant-
ing the stomach, duodenum, pancreas, and intestine allografts (d). 
(Adapted with permission of Abu-Elmagd et al. [13])

LGA

HA

SMA

Graft SMV

Recipient SMV

Donor organs

Fig. 29.2 Cluster graft with en bloc inclusion of the stomach, pan-
creas, and duodenum with the donor liver. (Used with permission from 
Starzl et al. [12])

 Innovative Surgical Techniques

Modifications of the donor operation and introduction of 
innovative transplant surgical techniques have significantly 
contributed to the recent evolution of intestinal and multivis-
ceral transplantation. With standard techniques described 
elsewhere, the donor operation witnessed novel techniques 
including simultaneous retrieval of the intestine and pan-
creas from the same donor to be given to two different recipi-
ents (Fig.  29.3a), en bloc retrieval of the intestine and 
pancreas (Fig. 29.3b), preservation of the pancreaticoduode-
nal complex with the combined liver-intestinal allograft 
(Fig.  29.3c), and en bloc retrieval of the small and large 
intestine (Fig. 29.3d) [6, 15, 20, 22]. The free vascular pedi-
cle abdominal wall allograft (Fig. 29.3e) has also been intro-
duced but with less frequent utilization [20]. These innovative 
approaches increased deceased organ utilization and reduced 
the recipient technical complications with increased practi-
cality and improved outcome.

The previously published recipient operation with the dif-
ferent types of visceral transplantation has also received vari-
ous modifications involving the evisceration and implantation 
techniques [6, 23, 24]. When medically and technically fea-
sible, the native left upper quadrant organs are preserved, par-
ticularly of the spleen with (Fig.  29.4a) and without 
(Fig. 29.4b) the duodenopancreatic complex, in patients who 
are in need of full and modified multivisceral transplantation 
[23, 24]. The procedure is introduced with the premise to 
reduce risk of post-transplant lymphoproliferative disorders 
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(PTLD) and GVHD. The procedure also reduces the risk of 
post-transplant diabetes by retaining the native beta-cell mass 
in addition to the transplanted pancreas. Other important 
modifications include placement of free arterial (Fig. 29.5a) 
and venous (Fig. 29.5b) interposition grafts with all types of 
transplantation to ease the vascular reconstruction at the time 
of implantation. The native colon has also been recently uti-
lized as an alimentary conduit in the isolated intestinal 
(Fig.  29.6a) and modified multivisceral (Fig.  29.6b) recipi-
ents [25, 26]. For patients who are suitable candidates for 
hindgut reconstruction, a pull-through operation is performed 
with a segment of the allograft colonic en bloc with the small 
intestine (Fig. 29.7) [28]. These various technical advances 

unequivocally improved surgical outcomes, long-term out-
comes, and quality of life [5].

 Advanced Management Strategies

Management of intestinal and multivisceral transplantation 
has evolved over the last few decades with innovative immu-
nosuppressive protocols, better allograft monitoring, and 
improved postoperative care including antimicrobial prophy-
laxis [2, 5, 8]. The high immunogenicity of the gut was 
behind the delayed clinical introduction of the procedure and 
the 1990s early disappointment with high graft loss due to 

SMV

MCA

SMA

IPDA
IPDV

IIA
CIA

CIV

PV

EIA

b ca

Middle colic
vessels

Right colic
vessels

Stump of inferior
mesenteric artery

d e

Fig. 29.3 (a) Simultaneous procurement of the intestine, pancreas, and 
liver from the same donor to be given to three different recipients. 
(Adapted with permission from Abu-Elmagd et al. [20]). (b) En bloc 
retrieval of the intestine and pancreas with back-table vascular recon-
struction to be given to the same recipient. (Adapted with permission 
from Abu-Elmagd et al. [6]). (c) En bloc preservation of the donor duo-
denopancreatic complex with the liver and intestine to maintain integ-

rity of the vascular axis and continuity of the biliary pancreatic system. 
(d) En bloc retrieval of the small and large intestine. Note the preserva-
tion of the middle colic vessels. (e) The abdominal wall graft with bilat-
eral epigastric vessels retrieved in continuity with the external iliac 
vessels that are anastomosed into the recipient’s common iliac vessels. 
(Reprinted from Cipriani et al. [21]; with permission)

29 History of Visceral Transplantation



312

rejection despite the use of tacrolimus-steroid-based immu-
nosuppression, namely, Era-I [1, 5, 15, 29]. As a result, 
induction therapy with pharmacological and biologic agents 
such as cyclophosphamide and anti-IL2 receptor humanized 
antibodies was added to the immunosuppressive regimen 
during the second half of the 1990s and ushered in Era-II [5, 
30]. In subsequent years, the anti-lymphocyte depleting 
agents, namely, rabbit antithymocyte globulin (rATG) and 
alemtuzumab, were used as an alternative induction treat-
ment [1, 5, 31]. Meanwhile, azathioprine, mycophenolate 
mofetil, and mammalian target of rapamycin (mTOR) inhib-
itors have been widely used by most centers as an adjunct 
maintenance therapy [1]. Donor pretreatment with OKT3 
and later with rATG was also used by one or two centers [8].

The immune-modulatory strategy was solely introduced 
and frequently utilized by the Pittsburgh group [1, 5, 22]. 
Bone marrow augmentation and allograft irradiation were 
introduced during the late 1990s to further improve outcome 
and reduce the long-term burden of heavy immunosuppres-
sion on long-term survival outcome. With new insights into 

the mechanism of allograft acceptance and transplant toler-
ance, the protocol was modified in 2001 to recipient pretreat-
ment using a single dose of thymoglobulin (5  mg/Kg) or 
alemtuzumab (30 mg) with post-transplant minimal immu-
nosuppression marking the beginning of Era-III [1, 5, 32–
34]. The aim was to improve allograft stability with minimal 
post-transplant long-term immunosuppression achieving a 
state of partial “prope” tolerance. With such a novel protocol, 
further improvement in outcome was achieved with more 
survival advantage utilizing alemtuzumab compared to rab-
bit antithymocyte globulin (thymoglobulin) [5, 34]. 
Reduction in the incidence of intractable rejection and fatal 
opportunistic infections including PTLD partially contrib-
uted to better long-term survival. Minimization of mainte-
nance immunosuppression was unprecedented among 
long-term survivors supporting the clinical feasibility of 
achieving partial tolerance in these immunologically chal-
lenging recipients [1, 5].

Immunologic monitoring of the visceral allograft 
response has been the Achilles heel and most challenging 

Duodenum

Pancreas

Vein graft

Spleen

Vein graft

Splenic vesselsa bFig. 29.4 Preservation of the 
native spleen in patients 
undergoing multivisceral 
transplantation with (a) and 
without (b) the 
pancreaticoduodenal complex

Splenic vein

Vein graft

a b
Fig. 29.5 Placement of free 
interposition arterial (a) and 
vein (b) graft before 
implantation of the visceral 
allograft. The arterial graft is 
commonly placed on the 
infrarenal native aorta, and 
the vein graft is placed on the 
main portal, superior 
mesenteric or splenic vein. In 
selected cases the vein graft is 
placed on the infrarenal 
inferior vena cava
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aspect of postoperative care [1, 5]. Little progress has been 
made concerning the early detection of graft-versus-host 
response (intestinal allograft rejection). Protocol ileoscopy 
with multiple random intestinal biopsies continued to be 
the standard of care for the diagnosis and management of 
acute rejection [5]. The diagnostic criteria of acute cellu-
lar, humoral, and chronic rejection have been established 
over the last two decades [5, 35, 36]. Rejection of the pan-
creatic allograft is suspected in patients with significant 
elevation of serum amylase and lipase without evident 
causes of non-immunologic pancreatitis. Rejection of the 
liver allograft among the composite visceral allograft 
recipients is very uncommon, and the diagnosis can be 
easily made utilizing the well-established biochemical and 
histopathologic criteria. With the recent technological 
advances in detection and serial measurement of circulat-
ing donor-specific antibodies (DSA), the detrimental 
impact of such a sinister problem on allograft survival has 
been well documented with the introduction of innovative 
management strategies to reduce the long-term risk of 
humeral and chronic rejection [37].

The dynamic process of graft-versus-host reaction has 
been recently monitored by the serial detection of circulating 
donor cells in the recipient peripheral blood [5]. The diagno-
sis of GVHD is usually confirmed by histopathologic and 
immunocytochemical studies that allow identification of 
donor leukocytes in the peripheral blood and targeted organs. 
The utilized methodology includes PCR techniques, in situ 
hybridization using Y-chromosome-specific probe, and the 
immunohistologic staining of donor-specific HLA antigens. 
In addition, the short tandem repeat technique has been more 
frequently utilized in recent years [5].

Native organ
Transplanted
organ

a bFig. 29.6 Utilization of the native 
colon as an alimentary conduit in 
isolated intestine (a) and modified 
multivisceral (b) recipients. The 
recipient colonic segment is used to 
connect the second part of the native 
duodenum to the allograft jejunum 
and the esophagus to the transplanted 
stomach, respectively

Portal vein

Ligated middle
colic arterty

Interposition
vein graft

Simple loop
ileostomy

Marginal arterial arcades

Internal, external
anal sphincters

Native organ

Transplanted
organ

Infrarenal
aortic graft

Fig. 29.7 Hindgut pull-through reconstruction with en bloc colon and 
intestinal transplantation (Adapted with permission from Eid et al. [27])
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The short- and long-term nutritional care has also 
improved over time with speedy use of elementary enteral 
feeding due to better early graft function. With such an 
enhanced allograft recovery and proper discontinuation of 
TPN therapy, the time and cost of the initial hospitalization 
were reduced with better value of heath care. However, the 
achievement of full nutritional autonomy requires flexible 
and complex management strategies. Enteric feeding is com-
monly initiated within the first 2 weeks after transplantation 
with stepwise reduction in intravenous nutrition with the 
goal to completely discontinue TPN therapy within the first 
4 weeks after transplantation. Temporary and intermittent re-
institution of TPN support is often required in patients with 
severe allograft rejection and protracted allograft dysfunc-
tion [8]. See Chap. 31 for more details on nutrition.

With cumulative clinical experience, advanced molecular 
diagnostic techniques, and new antimicrobial drugs, the out-
come after multivisceral transplantation has substantially 
improved with reduced risk of lethal viral, bacterial, and fun-
gal infections [5]. The availability of the PCR assay prompted 
early detection and serial monitoring of peripheral blood 
viremia with Epstein-Barr virus (EBV) and cytomegalovirus 
(CMV). The introduction of new antimicrobial agents has 
also improved the efficacy of infection prophylaxis, preemp-
tive therapy, and active treatment. Along with stepwise judi-
cious reduction in maintenance immunosuppression, these 
developments have considerably reduced the risks of PTLD, 
CMV, and fungal infections that were observed with the ini-
tial multivisceral transplant clinical experience [5].

The longitudinal follow-up has been essential to maintain 
the long-term success after intestinal and multivisceral trans-
plantation [5, 19]. The multivisceral recipients are at a 
 relatively high risk of PTLD and de novo malignancies and 
require a careful follow-up [38]. Such formidable threats are 
most probably due to prolonged exposure to different envi-

ronmental and non-environmental oncogenes with a foresee-
able acquired state of impaired immune surveillance [38]. 
Kidney function, glucose homeostasis, skeletal health, and 
cardiovascular integrity are also monitored closely in patients 
with suboptimal allograft function and chronic need for 
heavy maintenance immunosuppression. Regular tumor sur-
veillance and other pertinent screening protocols have been 
effective in the early diagnosis and prompt management of 
these unique recipients with sustained improvement in out-
come and quality of life [19].

 Improved Therapeutic Efficacy

The recently reported growing global experience with vis-
ceral transplantation is a testimony of the continual improve-
ment in the procedure’s short- and long-term therapeutic 
efficacy [39]. Such an achievement is a result of the earlier 
underscored innovative surgical techniques, novel immuno-
suppressive protocols, and better postoperative management 
as comprehensively discussed above. These advances 
undoubtedly justify the recent elevation of the procedure sta-
tus with the privilege to permanently reside in a respected 
place in the surgical armamentarium [8].

 Survival

The worldwide and largest single-center cumulative experience 
has repeatedly demonstrated steady improvement in 1-year and 
5-year actuarial patient and allograft survival with current rates 
comparable to other abdominal and thoracic allografts 
(Fig. 29.8) [5, 19, 39]. Beyond the 5-year milestone, the longest 
and largest single-center series documented a 10-year patient 
survival of 75% and 60% at 15 years with a respective graft 
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Fig. 29.8 (a) A time series analysis of the 1- and 5-year actuarial graft 
survival shows significant improvement over time (p < 0.001) (Grant 
et al. [39]). (b) Improvement of visceral allograft survival according to 
the type of immunosuppression (Data from Abu-Elmagd et al. [5]), (c) 

Better graft survival in patients pretreated with alemtuzumab 
(Campath-1H) compared to those pretreated with antithymocyte globu-
lin (thymoglobulin) (Data from Abu-Elmagd et al. [34])

S. Armanyous et al.



315

survival of 59% and 50% (Fig. 29.9) [19]. Of note, the data 
from worldwide experience as reported by ITR demonstrates 
lower survival rates (see Chap. 32). Loss of graft function and 
complications of immunosuppression continue to be the major 
threat to long-term survival with rejection, infection, and renal 
failure being the leading causes of death. Interestingly, the 
cumulative risk of infection has been significantly higher 
among the multivisceral recipients compared to other visceral 
allograft patients (Fig. 29.10a) [5, 19]. Meanwhile, the liver-
free visceral allografts experienced a significantly higher risk 
of cumulative graft loss due to rejection (Fig. 29.10b) [5].

Several predictors of survival outcome for both patient 
and allograft have been recently published [19]. The lack of 
social support and absence of the liver as part of the com-
posite and multivisceral grafts have emerged as highly sig-
nificant risk factors for patient and graft survival, 
respectively (Table  29.2) [19]. The immunoprotective 
effect of the liver can be potentially explained in the con-
text of ameliorating the detrimental effect of donor-specific 
antibodies (DSA) on the visceral allograft survival 
(Fig. 29.11) [37]. Other important risk factors include early 
rejection, recipient sex and age, splenectomy, re-transplan-
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tation, HLA mismatch, and type of immunosuppression 
with variable weight of statistical significance [19].

 Graft Function

The ability to restore nutritional autonomy is the second most 
important metric of successful visceral transplantation. A 
high rate of freedom from intravenous nutrition with main-
tained nutritional status and significant improvement in body 
mass index (BMI) has been documented after transplantation 
including long-term survivors for more than 20  years 
(Fig. 29.12) [19]. The adult recipients maintain normal serum 
albumin and trace elements with improved skeletal health 
(Fig. 29.13) [19]. Most children experience fairly normal lin-
ear growth with a few requiring hormonal replacement.

The failure to achieve full nutritional autonomy in a few 
of the composite and multivisceral recipients is mainly due 
to persistent allograft dysmotility and steatorrhea resulting 
from allograft denervation and lymphatic disruption inherent 
to the transplant procedure. With the clinical availability of 
normothermic ex  vivo perfusion technology, the unwanted 
effect of ischemia reperfusion could be ameliorated [8]. It is 
also reasonable to believe that the altered allograft microbi-
ota may play a major role in allograft dysfunction and recipi-
ent well-being.

 Quality of Life

With improved survival outcome, quality of life has become 
one of the primary therapeutic end points. A few scattered 

Table 29.2 Long-term survival risk factors for visceral 
transplantation

Risk factor P value Hazard ratio 95% CI
Patient
Lack of social support 0.000 6.132 3.370–11.160
Rejection <90 days 0.016 2.363 1.172–4.765
Female recipient 0.025 1.992 1.089–3.646
Recipient age > 20 year 0.025 2.014 1.093–3.711
Re-transplantation 0.026 2.053 1.089–3.873
No preconditioning 0.046 2.013 1.013–4.997
Graft
Liver-free allograft 0.000 3.224 2.026–5.132
Splenectomy 0.001 2.212 1.396–3.506
HLA mismatch 0.040 1.258 1.011–1.565
Rejection <90 days 0.046 1.601 1.008–2.541
PTLD 0.085 1.638 0.934–2.872

Abbreviations: HLA human leukocyte antigen, PTLD post-transplant 
lymphoproliferative disease. (Used with permission of Abu-Elmagd 
et al. [19])
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reports have been recently published among both children 
and adults [40–46]. Studies among children demonstrated 
physical and psychosocial functions similar to healthy nor-
mal children. However, the parental proxy assessments were 
different with lower responses in certain categories than that 
given by children. In addition, lower values in the school 
functioning subcategories and psychological health sum-
mary score were reported compared with healthy children. In 

adults, most published studies on health-related quality of 
life (HRQOL) have demonstrated improvements in many of 
the domains with better rehabilitative indices than 
TPN. Except for depression, successful transplantation off-
sets the deprived effect of both PN and disease gravity in 
most domains (Fig. 29.14) [19].

The socioeconomic milestones have also been used to 
assess the rehabilitative efficacy of visceral transplantation 
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in all age groups [19]. A high education score was reported 
with sustained cognitive, psychosocial, and physical func-
tions. In addition, the ability to create a nuclear family along 
with high Lansky and Karnofsky performance scores is dem-
onstrated and comprehensively reported [19]. The data has 
also been in favor of early consideration for visceral trans-
plantation to further improve quality of life by reducing the 
risk of organic brain-dysfunction-related morbidities associ-
ated with brain atrophy, cerebral vascular insufficiency, 
micronutrient deficiencies, trace element toxicities, and liver 
failure. Accordingly, early consideration of transplantation is 
strongly recommended for patients with irreversible gut fail-
ure who are not suitable candidates for autologous gut 
rehabilitation.

 Concl usions
Visceral transplantation continues to evolve as a life-sav-
ing therapy for patients with irreversible anatomic, paren-
chymal, and functional gut failure. The procedure has 
also been utilized to rescue patients with complex abdom-
inal pathology that is not amenable to current conven-
tional medical and surgical treatment modalities. Despite 
all efforts, the field continues to face the challenges of 
immunologic monitoring and longevity of the liver-free 
visceral allografts. With new insights into the biology of 
gut immunity and mechanisms of transplant acceptance, 
the establishment of less complex postoperative care and 
the achievement of a drug-free allograft acceptance are 
within reach.
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Pancreas and Visceral Transplantation
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 Pancreas Transplant

 Depression in Patients with Type 1 Diabetes

Type 1 diabetes (T1D) is a chronic disorder involving auto-
immune destruction of pancreatic beta cells resulting in life-
long insulin dependence. Disease onset primarily occurs in 
childhood or adolescence, though it can also develop during 
adulthood. Once diagnosed, patients face long-term depen-
dence on insulin injections or continuous infusion, as well as 
a number of lifestyle modifications, including frequent daily 
blood glucose monitoring, dietary restrictions, increased 
self-monitoring, and ongoing medical care. Concerns about 
hypoglycemic episodes, diabetic ketoacidosis, hospitaliza-
tions, and long-term complications, such as nephropathy, 
retinopathy, neuropathy, cardiovascular disease, as well as a 
shortened life-span, accompany the diagnosis of diabetes. 
Under these circumstances, reports of increased psychologi-
cal distress among this patient population are perhaps not 
surprising. For T1D patients referred for pancreas transplan-
tation, greater awareness of their psychological needs may 
help providers to better assess candidates and facilitate care 
when concerns are identified.

Prevalence rates for depression are elevated among 
patients with T1D, with estimates up to three times higher 
than the general population [1]. This is primarily related to 

the presence of depressive symptoms, as formally diagnosed 
mood disorders are reported in approximately 10–15% of 
patients [2]. While fewer studies have focused on children 
and adolescents, the pooled prevalence of depressive symp-
toms is reportedly 30% [3]. The psychological burden of liv-
ing with and managing diabetes is considered to be a 
significant contributor to the increased rate of depression 
observed in adults and children with T1D [4]. However, 
there is also evidence suggesting contributions from biologic 
factors, including hypothalamic–pituitary–adrenal (HPA) 
axis dysfunction, chronic inflammation, prefrontal cortical 
changes, and hippocampal atrophy potentially affecting neu-
roplasticity [2, 5–7].

Comorbid depression negatively impacts adherence to 
diabetes self-management, including glucose monitoring, 
dietary modifications, and foot care. Reduced glycemic con-
trol has been observed across studies in patients with comor-
bid depression, although the effect size is considered small to 
moderate [8]. In children and adolescents, depressive symp-
toms are more clearly linked with poorer glycemic control 
[9]. The impact of depression on the risk of developing dia-
betes complications has been apparent, as significant asso-
ciations have been found with both microvascular and 
macrovascular complications [10]. These findings also sug-
gest that increases in depressive symptomatology are associ-
ated with increased number and severity of complications 
[10]. Additional evidence points to increased healthcare 
costs, reduced quality of life (QOL), functional disability, 
and early mortality [11–13]. Depression is also predictive of 
a greater need for rehospitalization and retinopathy [2, 14].

 Screening and Diagnosis of Depression 
in Patients with Type 1 Diabetes

Due to the increased prevalence and negative impact of 
depression, recommendations have been made to incorporate 
depression screening into routine diabetes care [15]. While 
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perhaps desirable, lack of consensus on the particular screen-
ing tool to use complicates matters [16]. Commonly used 
instruments include the Beck Depression Inventory, the 
Center for Epidemiological Studies Depression Scale, and the 
Patient Health Questionnaire, but there is limited data on reli-
ability and validity in this patient population [17]. Whichever 
is chosen, raising the cutoff score and following up a positive 
screen with a formal assessment have been recommended to 
reduce the risk of overdiagnosis of depression [16].

 Treatment of Depression in Patients with Type 
1 Diabetes

Randomized clinical trials utilizing psychotherapy have 
yielded moderate reduction in depressive symptoms, with 
most utilizing cognitive behavioral therapy (CBT) or prob-
lem solving techniques [16, 18].

Antidepressants have also produced a positive effective, 
particularly selective serotonin reuptake inhibitors (SSRIs) 
[16, 18]. A recent study comparing a 12-week course of CBT 
to sertraline, with sertraline prescribed for an additional 
12 months, showed that both treatments improved depression 
severity, but sertraline was more effective in preventing relapse 
at 1-year follow-up [19]. No benefits to glycemic control were 
observed with either approach, although mixed effects on gly-
cemic control have been reported in other clinical trials [16, 
18, 19]. Collaborative care aimed at addressing diabetes and 
depression has shown promise. While the Pathways study 
reported reduced depression, but lack of improvement in gly-
cemic control, application of TeamCare, which combined 
behavioral and pharmacological approaches with diabetes 
management, showed positive effects on depression, glycemic 
control, blood pressure, lipids, and reduced costs [20, 21].

 Diabetes Distress

Despite efforts to examine the relationship between diabetes 
and depression, the lack of a consistent definition of depres-
sion and its measurement has contributed to inconsistent 
findings across studies (e.g., depression and glycemic con-
trol) [22]. Instead of relying on a symptom-based diagnosis 
of depression, arguments have been made to apply an alter-
nate concept that includes the psychological demands of liv-
ing with diabetes. Diabetes distress is defined as the 
emotional distress caused by the ongoing worries, burdens, 
and concerns associated with this chronic disease [22]. It is 
not considered a substitute for “clinical” depression but 
serves as a continuous dimension encompassing distress 
ranging from subclinical depression to major depressive dis-
order [22]. When identified, diabetes distress links directly to 
reduced treatment adherence, poor glycemic control, higher 
complication rates, and impaired QOL [23]. Though most 

studies of diabetes distress focus on T2D patients, some cen-
ter on T1D and include efforts to discern areas of distress 
unique to T1D. A qualitative survey that was developed and 
tested in two T1D patient populations identified seven areas 
of distress including powerlessness, negative social percep-
tions, physician distress, family/friend distress, hypoglyce-
mia distress, self-management distress, and eating distress 
[24]. Subsequent application of the 28-item T1-Diabetes 
Distress Scale to patients at baseline and at 9 months demon-
strated a prevalence of 42% and 54%, respectively [25]. 
Those identified as distressed at baseline tended to remain so 
over time. Distress related to a sense of powerlessness was a 
significant and persistent contributor to overall diabetes dis-
tress [25]. Another study assessing the relationship between 
diabetes distress and self-management showed that elevated 
baseline distress was associated with higher HbA1C levels 
and greater percentage of missed insulin doses [26]. Over 
time, elevated baseline distress was related to increases in 
missed insulin, while reduced distress was connected to 
decreases in HbA1C. On the other hand, depression symp-
toms were not associated with missed insulin, HbA1C levels, 
or hypoglycemic episodes. Identification of this risk for 
missed insulin over time was felt to be a potential interven-
tion target [26]. The concept of diabetes distress has also 
been applied to parents of T1D children and teens, facilitat-
ing the identification of factors contributing to their distress 
[27]. Among adolescents, elevated diabetes distress has been 
found to be strongly related to poorer glycemic control [28].

 Anxiety in Patients with Type 1 Diabetes

Although research on anxiety and diabetes is relatively lim-
ited, elevated rates of anxiety and anxiety disorders have 
been reported, and the presence of anxiety is associated with 
negative effects on treatment adherence, glycemic control, 
symptom burden, and QOL as well as increased complica-
tions and pain, depression, BMI, disability, and increased 
mortality [29]. Adults have a 20% increased prevalence of 
anxiety disorders, with generalized anxiety disorder being 
the most common diagnosis [29]. Women, younger individu-
als, those with longer disease duration, and those with dia-
betic complications appear to be at greater risk for an anxiety 
disorder [30]. Given the unique challenges of living with 
diabetes, specific sources of fear and anxiety have been iden-
tified. These include fear of complications, hypoglycemia, 
and invasive procedures (e.g., injections, blood glucose mon-
itoring, insulin pump, continuous glucose monitors) [30]. 
While lifetime prevalence of phobias is not more common in 
diabetic patients, its presence, such as fear of needles, can 
complicate care [31]. Fear of invasive self-care behaviors 
includes the need for patients to rotate insulin injection sites 
to limit subcutaneous scarring which interferes with insulin 
absorption [30]. Small uncontrolled studies suggest benefits 
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from systematic desensitization, while small controlled trials 
using mindfulness-based cognitive therapy, diabetes educa-
tion, self-management training, and psychoeducation have 
proven helpful [30, 32, 33].

Efforts to maintain tighter glycemic control in order to 
reduce the risk of microvascular complications put T1D 
patients at higher risk of hypoglycemia. Fear of hypoglyce-
mia is a diabetes-specific source of anxiety and refers to “fear 
associated with episodes of hypoglycemia and their negative 
consequences,” which includes acute health consequences 
(e.g., loss of consciousness, impaired cognition), loss of con-
trol, and social reprisal [34]. Negative consequences of this 
fear include poorer glycemic control and increased complica-
tions if patients reduce their insulin usage in order to maintain 
a higher blood glucose level [35]. Fear of hypoglycemia is 
associated with the frequency of severe hypoglycemic epi-
sodes in past 12 months, perceived risk of future episodes, 
hypoglycemic unawareness, number of hypoglycemic symp-
toms, frequency of mild hypoglycemia, and presence of non-
diabetes anxiety [36, 37]. As hypoglycemia tends to occur 
more often at night, associated fear may contribute to poor 
sleep quality [34]. Among adults and adolescents, females 
have been found to have higher levels of fear [34]. Group and 
individual interventions have been developed utilizing tech-
niques such as CBT, blood glucose awareness training, and a 
behavioral approach aimed at improving in hypoglycemic 
unawareness [38–41]. Though limited in number and results 
are not consistent, some have noted a reduction in fear and 
improvement in glucose control.

 Disordered Eating Behavior and Eating 
Disorders in Patients with Type 1 Diabetes

In addition to anxiety and depression, T1D patients appear to 
be at elevated risk for disordered eating behavior (DEB) and 
eating disorders (ED). The presence of ED is associated with 
impaired metabolic control, more frequent episodes of keto-
acidosis, and early onset of microvascular complications, 
particularly retinopathy and neuropathy [42]. An estimated 
30–40% of diabetic adolescents and young adults skip or 
reduce insulin doses in order to lose weight, a DEB known as 
diabulimia [42]. Consequences of this behavior include 
increased risk of dehydration, muscle tissue breakdown, and 
heightened risk for infection and fatigue [42]. There may 
also be an increased risk for early mortality [43]. Compared 
with normal peers, adolescents with T1D tend to gain signifi-
cant amounts of weight as they move toward young adult-
hood. Additionally, the metabolic effects of insulin promote 
a slightly higher body weight [44]. This tendency for weight 
gain, along with typical adolescent concerns about appear-
ance, contributes to DEBs such as insulin restriction or bing-
ing and purging to facilitate weight loss. The presence of low 
self-esteem, higher concerns about physical appearance, and 

lower diabetes-related QOL appear to be risk factors for 
DEB [45–47].

Research regarding T1D patients suggests that female 
gender, elevated BMI, body dissatisfaction, fluctuations in 
body weight from repeated dieting, dietary restrictions asso-
ciated with glycemic control, and skip or reduction of insulin 
doses for weight control purposes are risk factors for ED [44, 
48, 49]. Avoidant coping styles and depressive symptoms 
may also be predictors [44]. Average age of onset is 23 years 
[50]. Experts suggest maintaining a high index of suspicion 
for DEB and ED among those with chronic poor metabolic 
control, repeated episodes of diabetic ketoacidosis, recurrent 
hypoglycemic episodes, and/or weight and body shape con-
cerns [51]. The use of the 16-item self-report screening tool 
for disordered eating, the Diabetes Eating Problem Survey, 
which has good internal consistency, construct validity, and 
external validity, can assist in detection of abnormal behav-
iors needing attention [52]. Treatment of ED among T1D 
patients is complicated due to the need to focus on dietary 
intake as a normal part of diabetes management. Loosening 
of glycemic parameters may be necessary. Existing evidence 
suggests that the course of EDs tends to be chronic and 
recurrent among T1D patients, with continued use of insulin 
omission not uncommon [43, 50, 53, 54].

 Multivisceral-Intestinal Transplant

An increasing number of multivisceral and intestinal 
(MV/I) transplants are performed, and the survival rates 
continue to improve with the 10-year graft survival rate 
ranging from 26% to 40% depending on whether the trans-
plant is solely intestinal or multivisceral with the intestine, 
liver, and/or pancreas. According to the Centers of Medicare 
and Medicaid Services (CMS)-approved indications for 
MV/I transplantation, it is considered a rescue therapy for 
patients with intestinal failure who have maximized other 
gut rehabilitation techniques, failed parenteral nutrition 
(PN), or have high risk of death from their underlying dis-
ease [55]. Before their MV/I transplant, most patients 
encounter complications related to the underlying cause of 
intestinal failure or struggle with their dependence on 
PN. Patients dependent on PN often show impressive resil-
ience in the face of daily hardships and hazards related to 
their life-sustaining nutritional support, and specifics of 
these challenges will be detailed later in this chapter. To put 
the choice of MV/I transplant in perspective, adults stable 
on long-term PN are more likely to die from the underlying 
disease causing their intestinal failure rather than from 
complications related to PN [56]. When electing MV/I 
transplant, patients weigh the potential of a PN-free exis-
tence against a high-risk transplant procedure accompanied 
by new challenges of graft rejection and complications 
related to immunosuppression.
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Adult causes of intestinal failure leading to consideration 
of MV/I transplant varied: vascular, traumatic, congenital, 
and acquired [55]. Short bowel syndrome is the most com-
mon indication for MV/I transplant. Ischemia (24%) is the 
leading cause of short bowel syndrome followed by Crohn’s 
disease (11%) and trauma (10%) [57]. Chronic and acute 
causes of intestinal failure differ in their psychological 
impact. During the pre-transplant psychosocial assessment 
of MVI/I transplant candidates, it is important to touch upon 
the following points: (1) severity and chronicity of pre- 
transplant illness and subsequent psychiatric sequelae, (2) 
duration of pre-transplant dependence on PN, (3) education 
about postoperative complications including continued sub-
stance use and risk of developing psychiatric disorders, and 
(4) extent of social support available [58].

For a holistic understanding of the patient choosing MV/I 
transplant, it is helpful to examine the pre-transplant life of a 
candidate and how it was influenced by dependency on PN, 
the primary long-term treatment for individuals with irre-
versible intestinal failure. While PN is life-saving, it also is 
invasive and degrades the QOL of individuals dependent on 
this form of nutrition. A helpful analogy to consider is: “par-
enteral nutrition is akin to MV/I transplant as hemodialysis is 
to kidney transplant.” Like hemodialysis patients, individu-
als on PN may be ambivalent toward the medical technology 
that sustains and dictates their life [59]. As summarized by 
Winkler et al., “Despite the physiological benefits, home par-
enteral nutrition is also a high-risk, high expenditure, poten-
tially problem prone therapy” [60].

 Psychological Considerations in Patients 
Dependent on PN

PN takes a logistical, financial, physical, and emotional toll 
on patients. PN is administered overnight for 12 h at a time, 
and depending on gut function, patients require feedings 
two to seven times per week [61]. Estimated annual cost of 
PN ranges from $100,000 to $250,000 including cost of 
supplies, infusion solutions, and hospitalizations related to 
PN complications. Families suffer financial strain from 
unreimbursed and out-of-pocket costs and lost income 
related to the schedule demands of PN [62]. Unlike hemo-
dialysis, in- home- based PN is common. Home parenteral 
nutrition is often abbreviated as HPN; for consistency in 
this chapter, it will be referred to as home PN. Although 
available at home, the treatment remains invasive in terms 
of time, physical constraints, and dependence on technol-
ogy. The physical risks include catheter-related blood-
stream infections (CRBSIs) which are associated with 5% 
of PN-related deaths, venous thrombosis, metabolic bone 
disease, and intestinal failure-associated liver disease 
(IFALD) [55]. IFALD progressing to liver failure carries 

the greatest risk of death caused by PN, with a mortality 
rate up to 15% [56].

Patients are continuously exposed to physical complica-
tions and risks of PN. Furthermore, psychosocial stressors of 
long-term PN pervade patients’ QOL [60, 61, 63]. Poor 
sleep, fatigue, depression, and negative emotions related to 
the catheter, including fear, anxiety, and body image con-
cerns, are common complaints [64]. Loss of autonomy and 
dependence on technology erode QOL as patients refer to 
being “hooked up” or “tethered” to machinery. Dependence 
on equipment restricts travelling and how patients spend 
their recreation and leisure time [60]. Ability to work and 
stable employment are hindered by reduced strength for 
physical activity and fatigue; some patients rely on disability 
insurance to fund their home PN [65].

As with any GI disturbance or illness, a person’s relation-
ship with food and eating changes. For some with short 
bowel syndrome and intestinal failure, they face “eating for 
survival” which means hypervigilance regarding number of 
meals and calorie intake and amount and osmolality of flu-
ids; they manage the balance between getting enough nutri-
tion and risking abdominal pain, diarrhea, and dehydration 
[66]. PN allows for nutrition without oral intake and allevi-
ates some anxiety accompanying eating for survival. For oth-
ers, dependency on PN means losing food as a means of 
experiencing pleasure, whether socially or alone, and this 
can be a cause of significant distress [67]. Decline in fre-
quency and importance of social activities surrounding eat-
ing and drinking leads to social impairment. Every type of 
relationship suffers from family and friends to romantic or 
sexual relationships. Patients report their sexual desire and 
activity are diminished by PN [68]. In light of the cumber-
some nature of PN and repercussions on functioning, a men-
tal health clinician can contextualize the risks a patient is 
willing to face for MV/I transplant. A desire for autonomy 
and potential return to “normal socializing” are motivating 
factors.

 Psychiatric Evaluation and Comorbidities 
in Pre-transplant MV/I Patients

The psychiatric evaluation for MV/I transplant should 
account for existing mental health issues related to PN 
including disrupted sleep, anxiety, depression, body image 
issues, and behaviors related to catheters. Though uncom-
mon, some patients have used their venous access devices to 
engage in self-injurious behaviors of contamination, cutting 
the line or deliberate neglect [69]. Mental health providers 
can evaluate for contributing mood, anxiety, or personality 
disorders and abnormal illness behaviors that influence the 
patient’s relationship with their chronic illness and by physi-
cal extension their catheter. These existing disorders, espe-
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cially abnormal illness behaviors, may influence transplant 
outcomes such as adherence and rapport with the treatment 
team. Specific to pre-transplant mental status, some patients 
cite fear and anxiety accompanying the physical attachment 
to the PN apparatus; patients worry about catheter infection, 
pump malfunction, or air embolism [70]. In a vicious cycle, 
poor sleep and subsequent fatigue negatively impact QOL 
and functioning. Sleep often improved after MV/I transplant 
by virtue of no longer being connected to PN apparatus [70].

Depression was found in 10–80% of patients reliant on 
home-based PN [70]. Depressive disorder and social impair-
ment were associated with venous access device-related 
complications such as occlusion and infection, as well as 
number of hospital readmissions related to these complica-
tions [71]. Depression alone can increase the risk of post-
transplant mortality [72]. Clinicians can mitigate the impact 
of psychiatric comorbidity by addressing psychological 
issues and symptoms that occur before transplant (related to 
PN or not) and can monitor their development or resolution 
post-transplant.

As previously stated, the psychiatric care of MV/I trans-
plant patients is informed by the severity and chronicity of 
pre-transplant illness. For example, a person may struggle 
adjusting to sudden loss of normal bowel function from more 
acute causes of intestinal failure such as ischemia caused by 
mesenteric vascular thrombosis or trauma. Gunshot wounds 
or abdominal trauma from a motor vehicle accident is a 
physically traumatic event that could lead to MV/I transplant 
[73]. A sudden, unexpected, and life-threatening event, like 
trauma associated with eventual organ transplant, is consid-
ered particularly pathogenic and may contribute to develop-
ment of pre-transplant post-traumatic stress disorder (PTSD) 
[74]. Currently, no studies have examined the prevalence of 
PTSD in patients undergoing MV/I transplant. In solid organ 
transplant, previous exposure to trauma and existing psychi-
atric diagnoses contributed to post-transplant diagnosis of 
PTSD [75]. Decreased mental and physical QOL scores, 
along with diminished psychosocial functioning, were 
related to PTSD diagnosis or subclinical symptoms of PTSD.

Patients with chronic etiologies of their short bowel syn-
drome, such as Crohn’s disease, often have psychiatric 
comorbidities ranging from substance use disorder influ-
enced by chronic pain to depression and anxiety [76]. As dis-
cussed in terms of the etiology of intestinal failure, short 
bowel syndrome has several causes including Crohn’s dis-
ease but extending to ischemia or malignancy. The conflu-
ence of a disordered gastrointestinal tract and the sensitive 
brain-gut axis adds to the complexity of pre-transplant psy-
chological symptoms [77]. Before undergoing MV/I trans-
plant, individuals with short bowel syndrome experience 
changes in their gut either due to inflammation in Crohn’s 
disease, changes in flora as PN places them at risk for bacte-
rial overgrowth, or resections leading to shortening of the 

bowel. Though speculative, changes in the brain-gut axis 
likely occur with each bowel resection [66, 78]. Pooled inci-
dence values for depression and anxiety in inflammatory 
bowel disease (IBD) are reported, respectively, as 21% and 
19%. These values rise with active disease, and both psychi-
atric comorbidities occur at a higher rate in Crohn’s disease 
as compared to ulcerative colitis [79]. Psychiatric comor-
bidities aside, IBD is associated with fatigue, even when in 
clinical remission as measured by inflammatory markers 
such as ESR, CRP, and other interleukins. In a study of out-
patients with IBD, fatigue in general was correlated with 
depression as measured by the Beck Depression Inventory, 
and severe fatigue was correlated with depression, anxiety, 
and lower QOL. Female patients with Crohn’s disease were 
more likely to report fatigue [80]. Short bowel syndrome, 
due to Crohn’s disease or not, causes troublesome GI symp-
toms, especially diarrhea, and fatigue contributing to psy-
chological distress. Compared to patients with IBD in 
remission (and an intact gut), individuals with short bowel 
syndrome have higher daily use of analgesics and opioids. 
There is likely psychological and physical overlap in using 
opioids for pain and discomfort from GI symptoms, opioids 
as relief from diarrhea, and the resulting fatigue related to GI 
symptoms, opioids or both [80].

Chronic disease states before transplant pose the risk of 
narcotic use and development of dependence or a substance 
use disorder. IBD alone has a 6% point prevalence of active 
opioid use after 1 year of diagnosis, and comorbid depression 
increases risk of heavy opioid use [81]. Psychiatrists should 
maintain clinical suspicion for substance use disorders and 
withdrawal syndromes as possible complicating factors of 
MV/I transplant. The clinical overlap of organic gastrointesti-
nal illness, abdominal pain syndromes, and psychiatric disor-
ders warrants a physical and psychological evaluation of pain 
with attention to psychiatric disorders comorbid with chronic 
pain [82, 83]. Substance use disorders influence quality of life 
before and after transplant. In liver transplant recipients, pre-
transplant opioid use was associated with pain-related hospi-
tal readmission at 30  days and 1-year post-transplant [84]. 
Despite the clinical relevance of pain and opioid use, only one 
study of six patients examined pain treatment during and after 
MV/I transplant surgery [85].

 Psychopharmacology in Pre-transplant MV/I 
Patients

Even before transplant, pharmacological intervention and 
behavioral therapies can alleviate distress and improve trans-
plant outcomes by treating anxiety, depression, poor sleep, 
and fatigue related to TPN or pre-transplant illness. 
Psychotropic medications such SSRI/selective norepineph-
rine reuptake inhibitor (SNRI) and tricyclic antidepressants 
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used to treat anxiety and depression can mitigate physical 
pain [86]. Sleep is of paramount importance before and after 
transplant, and the impact of home TPN on sleep was empha-
sized earlier. For pre-transplant MV/I transplant candidates, 
their extent of bowel dysfunction, intestinal absorptive capac-
ity, and any existing hepatic disease, such as IFALD, affects 
treatment with medications. Absorption of medication is 
impacted by length of the functioning small intestine and 
condition of the mucosal surface, gastric emptying, small 
bowel transit time, pancreato-biliary secretions, alteration in 
GI flora, and nutritional intake; realistically, a patient with 
intestinal failure may have alterations in several of these 
domains. Loperamide is administered with other medications 
to slow intestinal transit [87]. Of note, loperamide can be 
abused as an opioid medication. As a general tenet, barring 
any drug interactions, an oral psychotropic medication can be 
continued or initiated, with the presumption that absorption 
and metabolism may be affected by the condition of a patient’s 
pre-transplant bowel and MV/I transplant. Dosage adjust-
ments can be made in discussion with the patient and based 
on a clinical and mental status exam [88].

Few studies and case reports examine the use of psychotro-
pic medications in patients with either intestinal failure or sur-
gery involving the small intestine; most data is collected from 
patients undergoing bariatric surgery [88]. The authors of a 
systematic review regarding the treatment of mood disorders in 
patients with a history of intestinal surgery conclude that cita-
lopram and escitalopram are a good choice for first-line ther-
apy in these patients. Their conclusion is bolstered by a study 
of eight patients with short bowel syndrome who received cita-
lopram and escitalopram. Patients with 80 centimeters of small 
bowel and 50% of remaining colon reached therapeutic drug 
levels, as measured by concentration- dose ratios that are effec-
tive in treatment of major depressive disorder [89].

For a comprehensive review of alternative routes of medi-
cation administration, the Clinical Manual of 
Psychopharmacology in the Medically Ill reviews the psycho-
tropic medications available as dissolvable, intravenous, 
intramuscular, and suppository forms [90]. Here we have a 
limited discussion of medications most useful in regard to the 
psychological and psychiatric issues already presented. As a 
route of administration, orally disintegrating tablets (ODT) 
dissolve when exposed to saliva and the drug is absorbed in 
the esophageal and gastric mucosa when saliva is swallowed 
[90]. For treatment of depressive and anxiety disorders, mir-
tazapine, alprazolam, and clonazepam exist as ODT. Second-
generation antipsychotic medications are more commonly 
available in ODT formulation including risperidone, olanzap-
ine, aripiprazole, and clozapine. Sublingual administration, in 
which the tablet is dissolved under the tongue and saliva is 
not swallowed, avoids first-pass metabolism. For treatment of 
depression and anxiety, selegiline (MAO-B) is available as a 
sublingual tablet and a transdermal patch. The hypnotic and 
sleep aid zolpidem is available in the United States as a low-

dose sublingual tablet (brand name Intermezzo) and indicated 
for treatment for middle-of- the-night wakefulness but could 
be used to initiate sleep in the context of impaired intestinal 
absorption. As opiod use disorder has been a topic of impor-
tance in our discussion, it is worth noting that buprenorphine/
naloxone is available as a sublingual film, though contraindi-
cated not only because of opioid use after surgery but also 
because of the use of loperamide for diarrhea and slowing 
intestinal transit. Buccal absorption can occur for ODTs or 
other tablets held under the tongue. In one case report, a 
woman with only 40 centimeters of proximal small bowel 
achieved normal therapeutic levels of amitriptyline with buc-
cal administration of amitriptyline 125 mg given as tablets 
crushed into a powder [91]. Tricyclics have the advantage of 
therapeutic blood monitoring levels in patients whose absorp-
tion may be erratic pre- or post-transplant [92]. Citalopram is 
the only SSRI available intravenously, with a starting dose of 
20 mg/day and transition to oral formulation in approximately 
14 days [93]. However, this formulation is not available in the 
United States.

 Conclusions
For patients being considered for pancreatic or MV/I 
transplantation, most have faced a variety of challenges 
brought on by chronic disease including the demands of 
ongoing medical follow-up, testing, medications, repeat 
hospitalizations, dietary and other lifestyle restrictions, as 
well as reduced QOL.  Changes in body image, fear of 
complications, reduced long-term survival, and chronic 
pain are additional concerns confronting many. In light of 
these challenges, transplant teams need to be alert to the 
potential for psychological distress or diagnosable comor-
bid psychiatric disorders such as depression, anxiety, eat-
ing disorder, or substance use. Early identification of these 
conditions prior to transplant listing can allow them to be 
adequately addressed and, in turn, potentially improve 
post-transplant adherence and QOL.
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 Intestinal Failure

Intestinal failure (IF) is defined as the reduction of gut func-
tion below that necessary for absorption of macronutrients 
and micronutrients, such that intravenous nutrition supple-
mentation is required to sustain health and growth [1]. The 
five major pathophysiological conditions that lead to IF are 
short bowel syndrome, intestinal fistula, intestinal dysmotil-
ity, mechanical obstruction, and extensive small bowel 
mucosal disease. Short bowel syndrome, intestinal fistula, 
and extensive small bowel mucosal disease cause a reduction 
in intestinal absorptive area. Intestinal dysmotility and 
mechanical obstruction may arise from altered gastrointesti-
nal motility, extensive adhesions, or malignancy. The com-
plications associated with IF manifest as malabsorption of 
oral nutrients, intestinal losses, electrolyte imbalances, 
altered transit time, and disease- associated hypophagia [2].

Patients with IF experience an intolerance to both an oral 
diet and enteral nutrition (EN) and are unable to meet their 
nutrition needs by either method. They are, therefore, pri-
marily dependent on parenteral nutrition (PN) as the intrave-
nous method of receiving nutrient provision. The Sustain 
Registry Report collected data on 1251 patients on home PN 
in the United States from 2011 to 2014 and showed that the 
primary indications for PN included short bowel syndrome 
(24%), gastrointestinal obstruction (23%), gastrointestinal 
fistula (19%), or gastrointestinal dysmotility (10%), in which 
all diagnoses are reflective of IF [3]. The extent of IF can 
vary among individuals and, depending on the severity, will 
determine if the patient is capable of weaning from PN. The 
management of IF necessitates interdisciplinary medical and 

nutrition care due to its complexity. Specialized rehabilita-
tion programs that include a core team of surgeons, gastroen-
terologists, nurses, dietitians, pharmacists, and social 
workers for interdisciplinary management of IF have shown 
to reduce complications associated with long-term IF and 
PN [2].

For patients with irreversible IF who failed medical man-
agement and are experiencing complications with PN, multi-
visceral and intestinal (MV/I) transplantation may be 
necessary. The recent worldwide Intestinal Transplant 
Registry (ITR) Report collected outcome data on 2887 MV/I 
transplant cases completed before 2013 and showed there is 
now a decline seen in the annual case volume for MV/I trans-
plantation [4]. This is likely due to the advancement in spe-
cialized care leading to improved survival outcomes in 
IF. Despite improvements in IF care, MV/I transplantation 
will continue to serve as an important therapeutic interven-
tion to assist with long-term survival for some patients. The 
long-term utilization of PN significantly increases a patient’s 
risk of developing metabolic and infectious complications, 
which can be potentially life-threatening. In addition, MV/I 
transplantation can improve quality of life (QOL), as it may 
provide the ability to restore complete nutritional autonomy 
through the opportunity to wean from PN and transition to 
EN or to an oral diet [5].

 Identifying and Diagnosing Protein–Calorie 
Malnutrition

Due to the numerous metabolic and infectious complications 
that may arise in the IF patient, the development of protein- 
calorie malnutrition (PCM) should be monitored closely. 
The basic characteristics of PCM include insufficient energy 
intake, unintentional weight loss, and/or evidence of muscle/
fat wasting. The tools used to identify and diagnose PCM 
range from simple ones evaluating for changes in appetite 
and unintentional weight loss to more complex methods that 
may include a combination of multiple anthropometric and 
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laboratory measurements. The absence of standardization in 
the diagnosis of PCM may lead to an underestimation of its 
prevalence and incidence and an exclusion of the diagnosis. 
Appropriately identifying PCM in a timely manner may 
overall assist to optimize interventions, resources, and out-
comes for patients with end-stage disease and transplanta-
tion [6–8].

Patients identified with PCM in end-stage organ disease 
are overall at a higher risk for post-transplant infections, 
morbidity, mortality, and increased length of hospital stay as 
compared with solid organ transplant recipients who had 
been well nourished prior to transplant. Additionally, the 
development of sarcopenia, characterized by a loss of muscle 
tissue and function, in patients with end-stage organ disease 
anticipating transplantation, has been associated with poor 
post-transplant outcomes [9, 10]. The data is minimal on the 
prevalence and incidence of PCM in IF patients on the trans-
plant waitlist or those undergoing MV/I transplantation. 
Although the ITR collects data on patient and graft survival, 
the registry does not collect data on nutritional status or man-
agement of pre- and post-transplant patients; therefore, it is 
not known to what extent PCM or other nutritional parame-
ters truly impact outcomes.

Currently, there is also no validated tool to identify and 
diagnose PCM in pre- and post-MV/I transplant patients. 
However, in the pre- and post-liver transplant patient popula-
tion, the subjective global assessment (SGA) has been suc-
cessfully used to identify PCM. The SGA has been shown to 
be an independent predictor of post-transplant outcomes in 
patients undergoing liver transplantation [11, 12]. The SGA 
evaluates subjective data as reported by the patient for weight 
changes in the past 6 months and in the past 2 weeks, altera-
tions in nutritional intake, presence of gastrointestinal symp-
toms for greater than 2  weeks, and level of functional 
capacity. In addition, SGA evaluates physical signs of mal-
nutrition, loss of subcutaneous fat, muscle mass wasting, 
and/or presence of edema. Based on the results from the 
SGA scores, patients are classified either as well nourished 
(SGA grade A), moderately malnourished (SGA grade B), or 
severely malnourished (SGA grade C) [13].

The Academy of Nutrition and Dietetics (AND) and the 
American Society of Parenteral and Enteral Nutrition 
(ASPEN) also recently developed a set of characteristics to 
standardize the process of identifying PCM in adults [7]. 
According to ASPEN guidelines, characteristics of PCM 
include insufficient energy intake, weight loss, loss of mus-
cle mass, loss of subcutaneous fat, localized or generalized 
fluid accumulation, and decreased functional status as mea-
sured by handgrip strength. If a patient demonstrates two or 
more of the aforementioned characteristics, then the etiology 
and severity must be further evaluated to verify the diagnosis 
of PCM. Specific parameters within each characteristic are 

also established to help determine whether the PCM is in the 
setting of an acute or chronic illness and whether it is moder-
ate or severe PCM. Despite its frequent use in the general 
adult patient population, there are limited studies to assess 
the utilization of this tool in the transplant patient popula-
tion. Further studies are warranted to look at the identifica-
tion and diagnosis of PCM in solid organ transplant patients 
and MV/I transplant patients in particular, specifically look-
ing at post-transplant outcomes.

 Nutrition Assessment

It is recommended that patients evaluated for MV/I trans-
plantation are referred to a registered dietitian (RD) to 
undergo a comprehensive nutritional assessment to improve 
nutrition and to provide a thorough individualized medical 
nutrition therapy plan. Nutrition assessments completed in a 
timely manner may allow early intervention and improve 
post-transplant outcomes [9].

Nutrition assessment has been defined by AND as a sys-
tematic process of obtaining, verifying, and interpreting data 
to assist with decision-making regarding the nature and 
cause of nutrition-related problems [14]. An evaluation of 
patient goals, patient history, anthropometric measurements, 
nutrition-focused physical findings, biochemical data, tests 
and procedures, and food/nutrition history is an essential 
component of the nutrition assessment.

Patient’s history includes pertinent medical and social 
conditions that may be relevant nutritionally, including med-
ications and comorbidities. Anthropometric measurements 
involve an evaluation of weight trends and body mass index 
(BMI). Weight changes are evaluated for nutritional signifi-
cance; contributing factors to any weight change are deter-
mined through nutrition assessment. A system-based 
nutrition-focused physical examination should be conducted 
utilizing techniques to inspect the skin, nails, head, hair, 
eyes, nose, oral cavity, and musculoskeletal system to iden-
tify any overt nutrition deficiencies [14, 15]. A review of 
laboratory data, diagnostic tests, and procedures assists with 
identifying nutrition-related abnormalities. Relevant labora-
tory values and assessments include the complete metabolic 
panel, micronutrient labs, 72-hour fecal fat test, intake and 
output measurements, and indirect calorimetry. Food/nutri-
tion history involves obtaining information about energy 
intake, restrictions, and potential challenges of oral diet and/
or EN and PN regimens. Regardless of the mode of feeding, 
an evaluation of carbohydrate, protein, fat, and micronutrient 
intake is evaluated for adequacy. An individual’s knowledge 
level and readiness to change are also assessed to determine 
any deficits or barriers to implementation. See Table 31.1 for 
the elements of a nutrition assessment.
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Table 31.1 Elements of a nutrition assessment [14, 15]

Patient history
Personal history
  Age
  Language
  Occupation
  Education
  Family role
Medical history
  Signs/symptoms
  Medical/surgical history
  Psychological state
  Quality of life
Medication/supplement history
  Prescription/OTC drugs
  Vitamin/herbal supplements
  Probiotics
  Use of illegal drugs
Social history
  Socioeconomic status
  Social support system
  Housing situation
  Cultural/religious beliefs
Anthropometric measurements
Evaluation of weight changes

%Weight Change
Usual Body Weight Current Body Weight

Us
=

´- 100

uual Body Weight

Nutritional significance:
  2% weight change in 1 week   5% weight change in a month
  7% weight change in 3 months  10% weight change in 6 months
Body mass index (BMI)
  BMI < 18: underweight  BMI 30–40: obese
  BMI 19–25: normal     BMI >40: morbid obese
  BMI 25–29: overweight
Nutrition-focused physical examination
  Skin
  Nails
  Head
  Hair
  Eyes
  Nose
  Oral cavity
  Musculoskeletal appearance
Biochemical data, tests, and procedures
  Complete metabolic panel
  Micronutrient labs
  72-hour fecal fat test
  Intake and output
  Indirect calorimetry
Food/nutrition history
Food/nutrient intake
  Feeding mode (oral/enteral/parenteral)
  Food allergies
  Food intolerances
  Carbohydrate/protein/fat intake
  Vitamin/mineral intake
  Fluid intake
  Food consistencies
  Size, timing, and # of meals
  Eating environment(s)
  Sensory/environmental cues

Table 31.1 (continued)

Nutrition knowledge/beliefs
  Level and accuracy
Food availability
  Access to food purchasing
  Ability of food preparation
  Use of community nutrition programs
Physical activity level
  Level of activity

A nutrition care plan is developed once the nutrition 
assessment is complete. The nutrition care plan may involve 
adjustments to the oral diet, PN or EN regimen, nutrition 
education to address knowledge deficits, or nutrition coun-
seling to promote behavioral change to optimize adherence.

 Nutrition Requirements

Successful nutrition management of the IF patient requires an 
accurate estimate and provision of nutrient requirements to 
reduce the risk of developing complications associated with 
underfeeding and overfeeding. Each patient’s nutrition regi-
men is individualized to meet specific nutrition requirements, 
as well as to reduce the risk of further aggravation of compli-
cations, especially with PN. Underfeeding can lead to weight 
loss, PCM, delayed recovery, and the risk of refeeding syn-
drome. Overfeeding has several detrimental health conse-
quences, ranging from metabolic acidosis to hypercapnia [16].

The European Society for Clinical Nutrition and Metabolism 
(ESPEN) has established nutrition recommendations for adult 
patients on home PN, which suggest a caloric provision between 
20 and 35 calories/kg/day [17]. Predictive calorie equations that 
factor in parameters of age, sex, weight, and height of the patient 
are used to estimate basal metabolic rate (BMR), also known as 
resting energy expenditure (REE). The most commonly used 
predictive equations are the Harris-Benedict, Ireton-Jones, 
Johnstone, Mifflin St. Jeor, and Owen equations. Indirect calo-
rimetry (IC) is the gold standard for measuring REE. IC studies, 
however, are challenging to obtain due to the extensive time and 
resources needed to complete. Therefore, its use is not always 
feasible in a clinical setting. It is unclear how accurate nutrition 
estimates are for the patient with IF as absorption of nutrients 
typically does not meet physiological demands [18]. Several IF 
studies showed that the Harris- Benedict and Johnstone equa-
tions, using actual body weight and ideal body weight as param-
eters, were the most accurate predictors of REE when IC studies 
were not able to be completed [18, 19].

ESPEN recommendations for the unstressed adult on home 
PN suggest a protein provision of 0.8–1.0  g/kg/day [17]. 
Additional protein – up to 2.0 g/kg/day – may be required in 
the stressed patient due to increased needs for malabsorption 
and/or losses from surgically placed drains, stomas, and 
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wounds. Fluid requirements also factor in losses from surgi-
cally placed drains and stomas, renal function, and electrolyte 
balance. The electrolyte provision in the home PN regimen 
should reflect fluid losses to assist with replenishment.

 Pre-transplant Care and PN Complications

The primary pre-intestinal transplant nutrition goal for the 
MV/I patient is to optimize the nutrition status of the patient, 
reduce complications from IF and PN, and ensure the patient 
is nutritionally prepared for transplantation. Monitoring of 
nutrition therapy is needed on an ongoing basis to prevent 
and manage metabolic and infectious complications of 
PN. This close and meticulous monitoring requires an inter-
disciplinary team for successful management [17].

Metabolic complications from the chronic use of PN 
include fluid alterations, electrolyte derangements, and long- 
term complications including hepatobiliary disorders, meta-
bolic bone disease, and iron-deficiency anemia [20]. In the 
IF patient, fluid alterations may manifest as dehydration due 
to intestinal losses from malabsorption, stomas, or venting of 
gastrostomy tubes and drains. Dehydration may also arise 
from insufficient fluid volume and electrolyte provision in 

PN.  Intake and output records are useful to help appropri-
ately adjust the infusion volume of PN and intravenous flu-
ids. There are often significant gastrointestinal losses in the 
IF patient, requiring a high volume of PN. Additional intra-
venous fluids may be needed to meet fluid requirements to 
optimize hydration. Electrolyte disturbances, especially 
hyponatremia, hypokalemia, and hypomagnesemia are com-
mon in the IF patient due to ongoing intestinal losses. 
Patients on PN regularly complete scheduled laboratory tests 
for therapeutic adjustment of the electrolyte provision in 
their PN regimen. IF-associated liver disease (IFALD), also 
known as PN-associated liver disease (PNALD), is a serious 
complication of long-term PN use. Nutritional risk factors 
that may contribute to IFALD include PN that is run over a 
duration of 24 hours (continuous PN), deficiency of amino 
acids and essential fatty acids, minimal enteral stimulation, 
excess nutrient provision of carbohydrates and lipids, and 
mineral toxicity [21]. Treatment options for IFALD include 
running the PN nocturnally, over a specific duration of hours 
(cyclic PN), to allow hepatic rest, correcting nutritional defi-
ciencies, adjusting the carbohydrate dose (goal for 4–6 mg/
kg/day), adjusting the lipid dose (goal for 1 g/kg/day), and/or 
trial of fish oil-based lipid emulsion [17, 21]. See Table 31.2 
for nutrition management options for IFALD.

Table 31.2 Nutritional deficiencies and excesses in intestinal failure associated liver disease

Nutrient deficiencies Management options (adults)
Amino acid deficiency
Carnitine Measure plasma total and free carnitine and acylcarnitine concentrations

Maintain age-specific carnitine levels within normal range
Supplementation
  Inconsistent data on the efficacy of supplementation on hepatic dysfunction
  Titrate the dose based on individual needs of the patient and age-specific reference ranges
  Parenteral dosing requirements
   Consider 400 mg/day for 7 days, followed by a maintenance dose of 60 mg/day
  More studies are needed

Choline Measure choline as part of serum amino acid profile
Maintain normal plasma choline levels
Supplementation
  Oral dosing requirements
   >13 years: 550 mg/day (male), 425 mg/day (female), 450 mg/day (pregnant), 550 mg/day (lactation)
  Consider IV 1–4 g/day choline chloride for 6 weeks

Methionine   Measure methionine as part of serum amino acid profile
Supplementation
  More studies needed for recommendations on oral and parenteral supplementation

Taurine Measure taurine as part of serum amino acid profile
Maintain normal plasma taurine levels
Supplementation
  More controlled studies needed on its hepatoprotective effect and dosing recommendations

Essential fatty acid 
deficiency

Measure triene/tetraene ratio (TTR)
  Biochemical essential fatty acid deficiency: TTR > 0.2
  Clinical essential fatty acid deficiency: TTR > 0.4
Avoid prolonged use of lipid-free PN
Supplementation
  Cautiously increase dose and/or frequency of lipids
  For soybean oil-based lipid emulsions, maintain lipid dose around 1 g/kg/day
  Consider fish oil-based or mixed (soybean oil, medium-chain triglycerides, olive oil, fish oil) lipid emulsion at 

higher dose or frequency
Lack of enteral intake Initiate a trial of trophic feeding
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 Acute Post-transplant Care

In the acute post-transplant phase, the primary nutrition goal 
is to provide sufficient calories and protein to enhance post-
operative recovery, optimize the transition from PN to EN, 
and eventually to have an unrestricted oral diet [9]. PN will 
continue post-operatively during this transition and will be 
gradually weaned as tolerance to EN and oral diet is estab-
lished. Post-operative PN regimens are generally lower in 
total fluid volume as compared to pre-operative regimens. 
Generally, PN is discontinued when complete nutrition needs 
are achieved through EN by post-operative week four [5].

EN is an integral component to the post-operative regi-
men. Experience shows that the intestinal allograft should be 
used as soon as is medically feasible – once motility is estab-
lished – through either oral diet or EN. Contraindications to 
the initiation of EN post-operatively include severe preserva-
tion injury, transplantation rejection, post-operative compli-
cations, ileus, and/or persistent lymphatic leak [5, 22]. EN is 
typically initiated 3–7  days post-operatively with a full- 
strength EN formula at a trickle rate of 5–10 mL/hour and is 

very slowly increased with close monitoring of GI symptoms 
and stoma output. As tolerance to EN is established and the 
rate is increased, PN is tapered gradually [23, 24].

The choice of EN formula varies widely and depends on 
the method of delivery, the patient’s medical history, and 
clinical judgment. Either during surgery or immediately 
after, a feeding tube is generally placed distal to the anasto-
mosis. Jejunostomy tubes are frequently used for patient 
comfort and acceptance and also to reduce the possibility of 
aspiration [5]. A gastrostomy tube or nasogastric tube is also 
frequently placed in addition to the jejunostomy to help with 
decompression. Polymeric, standard EN formulas with intact 
proteins can be administered post-operatively as they do not 
appear to undergo significant malabsorption with the intesti-
nal allograft and thus can be tolerated well [24].

There are, however, certain post-operative complications 
that may exclude a patient from tolerating a standard for-
mula, including gastroparesis, diarrhea, malabsorption, 
chyle leak, and/or drug-induced hyperkalemia. In these cir-
cumstances, specialized formulas and medications may be 
used depending on the complication. For diarrhea or high 

Nutrient deficiencies Management options (adults)
Nutrient excesses
Excess calories and 
carbohydrates

Reduce carbohydrate dose to maintain a glucose infusion rate <4–6 mg/kg/min

Lipid emulsions Reduce dose of lipids to around 1 g/kg/day
Reduce frequency of lipids
Consider switch to fish oil-based or mixed (soybean oil, medium-chain triglycerides, olive oil, fish oil) lipid emulsion

Mineral toxicity
Aluminum Evaluate risk factors

  Renal compromise
  Age-related weakening of gastrointestinal mucosal barrier
  Burns
Measure serum aluminum level for those who are at risk
As aluminum is not routinely included in PN, consider etiologies of toxicity, such as contamination from the 
manufacturing process, renal compromise, prematurity, age-related weakening of the gastrointestinal barrier, and 
burns
Limit contamination of aluminum levels in PN additives to ≤5 mcg/kg/day

Copper Check serum copper every 6 months in patients with cholestasis or liver dysfunction
Parenteral dosing requirements
  0.3–0.5 mg/day; 0.4–0.5 mg/day in presence of high gastrointestinal fluid loss
One daily dose of multi-trace element.
Reduce copper by 0.15 mg in the presence of severe cholestasis or high copper levels
Limit copper contamination to <0.1 mg/day total in a typical adult PN formulation

Manganese Monitor for signs and symptoms of manganese toxicity (e.g., neurologic symptoms) every 1–3 months if a multi-
trace element product is used
Check whole blood manganese levels every 3–4 months in presence of signs and symptoms of toxicity and monthly 
with significant cholestasis
Parenteral dosing requirements
  55 mcg/day
Limit manganese contamination to <40 mcg/day total in a typical adult on PN
Omit manganese when whole blood manganese is high
Individual dosing of manganese is not required
Recheck within 3 months of provision and discontinuation of manganese in PN.

Adapted with permission: Limketkai et al. [21]
PN parenteral nutrition, TTR triene/tetraene ratio

Table 31.2 (continued)
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effluent output, the administration of opioids, antidiarrheal 
medications, soluble fiber supplements, or fiber-containing 
EN formulas is common. Prokinetics and a fiber-free EN for-
mula are used in patients with symptoms of gastroparesis. If 
a chyle leak is suspected, a low fat, elemental EN formula is 
recommended. In patients for whom malabsorption is sus-
pected, isotonic, elemental EN formulas with peptide-based 
proteins are recommended [5, 24].

 Chronic Post-transplant Care

In the chronic post-transplant phase, the primary nutrition 
goal is to transition from PN to EN and, eventually, to meet 
nutrition needs through an oral diet alone [9]. As tolerance to 
an oral diet and calorie intake by the mouth improves, EN is 
weaned accordingly. EN regimens are generally transitioned 
from continuous to nocturnal feeds as oral intake improves to 
encourage daytime oral intake and to allow independence 
from the EN pump. EN may be discontinued completely 
when the patient is able to meet total daily nutrition goals 
through oral intake alone (mean of 57 ± 36 days post-MV/I 
transplantation) [23]. Once the patient is eating, the ability to 
sustain and tolerate an oral diet alone is determined by ongo-
ing evaluation of nutritional parameters such as weight 
maintenance and normal electrolyte and micronutrient levels 
without dependence on EN. Due to the high risk of infection 
with the use of immunosuppressive medications post- 
transplant, ongoing education on food safety should be pro-
vided to the patient and caregivers to reduce the risk of 
foodborne illness [25]. With suspicion of graft rejection, PN 
may be reinitiated, either as a full or partial complement to 
the oral diet.

Weight gain, along with potential development of obesity, 
can occur with the optimization of digestion and absorption 
of oral nutrients in the setting of established nutritional 
autonomy of the gastrointestinal tract [23]. Post-transplant 
nutrition goals include reducing the risk of developing obe-
sity as well as other complications such as hypertension, 
hyperlipidemia, osteoporosis, and diabetes mellitus. See 
Table  31.3 for goals in pre-transplant and-post transplant 
nutrition care.

 Transition from Hospital to Home

Post-transplant, the goal is to send the patient home free 
from nutrition support. If needed, EN is the preferred post- 
transplant home regimen and would hopefully only serve as 
a short-term nutrition bridge, while attempts are made to 
optimize intake with an oral diet. Once the patient is ready 
to be discharged home, planning must take place to ascer-
tain a safe transition ensuring the patient and caregiver are 

proficient in safely administering the home care regimen. 
Prior to discharging the patient home on EN, a home pro-
vider must be identified to provide the patient with the 
appropriate tools to implement the nutrition plan autono-
mously. Additionally, a patient must meet insurance criteria 
to allow coverage of the EN therapy, and a physician that 
can serve as the long- term ordering provider must be deter-
mined. Finally, the patient and caregivers must be provided 
with ongoing education regarding the nutrition plan.

Medicare insurance is one of the major government pay-
ers for home PN and EN therapy and sets specific criteria for 
its coverage consideration. These criteria should be included 
in documentation in the patient’s medical chart by the order-
ing medical provider. The coverage for EN and PN falls 
under Medicare Part B, in which the therapies and their asso-
ciated supplies are deemed to be prosthetic devices [26]. 
Objective documentation and diagnostic tests supporting 
that the patient meets criteria for EN or PN is also needed for 
approval (e.g., operative reports, radiology reports, fecal fat 
test). The criteria for coverage of EN and PN therapy state 
that the length of permanence must be defined and it must be 
necessary for 90 days or longer to establish permanence of 
therapy. Additionally, a qualifying diagnosis per Medicare 
criteria must be included, and the therapy must serve as pri-
mary source of nutrition.

 Impact on Quality of Life

The desire to eat and enjoy variety in the diet is one of the 
great pleasures in life, and it derives from our most basic 
needs for survival. When the pleasure of consuming an oral 
diet becomes devoid and one becomes dependent on PN as 
a primary source of nutrition, it often impacts QOL through 
the loss of one of the most innate human instincts: eating 
[27, 28].

Table 31.3 Nutrition goals for pre-transplant and post-transplant care

Common goals
Individualize nutrition requirements to prevent under and 
overfeeding of nutrients
Manage nutrition-related complications associated with PN, EN, 
and oral diet
Pre-transplant Acute 

post-transplant
Chronic 
post-transplant

Reduce 
complications from 
IF
Reduce 
complications from 
PN
Ensure the nutrition 
status of the patient 
is optimized for 
transplantation

Discontinue PN 
with optimal 
transition to EN 
and eventually to 
an unrestricted oral 
diet

Meet nutrition needs 
through an oral diet 
alone
Reduce risk of obesity, 
hypertension, 
hyperlipidemia, 
osteoporosis, and 
diabetes mellitus
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For patients with irreversible IF, PN is a lifelong require-
ment due to ongoing risk for metabolic abnormalities, PCM, 
and/or death in the setting of significant malabsorption of 
oral nutrients and electrolytes, and the patients are no longer 
able to nutritionally sustain themselves through an oral diet 
alone [29]. Although PN is a life-saving therapy, its long-
term use carries the potential to negatively impact one’s 
QOL due to the emotional and physical demands it places on 
the patient. A patient who is fully reliant on PN for nutrition 
support may become dependent on others to assist with the 
day-to-day administration needs of this demanding therapy. 
Additionally, dependency on PN may interfere with leisure 
and social activities due to the need to be frequently con-
nected to the PN pump, which may or may not be portable. 
Through use of QOL surveys, patients with IF on home PN 
have reported increased symptoms of anxiety, depression, 
distorted body image, gastrointestinal symptoms, frequent 
urination, abnormal sleep patterns, and the inability to con-
sume oral diet [27, 28].

For IF patients who experience significant complica-
tions due to the chronic use of PN, MV/I transplantation 
may assist with achieving independence from the demands 
associated with PN.  The ITR report showed that 67% of 
post- MV/I transplant patients worldwide have completely 
stopped the use of PN and have been able to return to an 
oral diet within 6 months post-transplant [4]. Patients who 
survived 5 years post-MV/I transplant have been shown to 
achieve complete nutritional autonomy evidenced by dis-
continuation of PN and to be able to sustain health through 
an unrestricted oral diet [30]. Significant improvement in 
QOL after MV/I transplantation has been demonstrated 
with reductions in anxiety, depression, gastrointestinal 
symptoms; improved perception of body image and sleep 
patterns; and increased engagement in leisure and social 
activities [27, 28, 31].

The majority of QOL studies for MV/I transplantation 
focused on the evaluation of non-nutritional aspects of QOL 
post-transplant. Further studies are warranted to evaluate 
alterations of oral diet and dietary habits in pre- and post- -
MV/I transplant patients.

 Conclusions
MV/I transplantation can serve as an option for patients 
with irreversible IF to establish full nutritional auton-
omy and to provide an opportunity to wean completely 
from PN.  As PCM has a high potential to adversely 
impact post-transplant outcomes, nutrition assessments 
and ongoing medical nutrition therapy are important to 
meet caloric and nutrient requirements in the pre-trans-
plant and post-transplant phases. The overarching goal 
of MV/I transplantation is to improve the patient’s qual-
ity of life through a complete wean from PN and transi-
tion to EN and oral diet, allowing patient to enjoy one 

of the essential joys of life, reassert control over their 
lives, and have more flexibility in their routines. An 
expert RD is an essential member of the MV/I trans-
plantation team, providing the patient with necessary 
tools and support for nourishment and medical and psy-
chological well-being.
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Medical Course and Complications After 
Visceral Transplantation

Waldo Concepcion and Lung-Yi Lee

 Introduction

Until relatively recently, in patients with intestinal failure 
who were unable to achieve intestinal adaptation through 
surgical or medical therapies, long-term parenteral nutrition 
was the only option. Early attempts at intestinal transplanta-
tion (ITx) were unsuccessful due to technical problems, 
infectious complications, and the inadequacy of the only 
types of immunosuppression available at the time. 
Fortunately, surgical innovations and standardization of sur-
gical techniques, advances in immunosuppression and induc-
tion protocols, improved understanding of gut physiology 
and mucosal immunology, and improved transplant medical 
management, including monitoring for possible complica-
tions, have now led to the possibility of successful ITx.

Although the nomenclature used in this field varies, in 
general it can be considered that the main types of ITx are 
the following: isolated intestinal transplantation, which may 
or may not include the colon, combined liver-intestine trans-
plantation, and multivisceral transplantation (MVTx) which 
along with the small intestine may include any combination 
of the stomach, large intestine, liver, spleen, and, especially 
in patients with cystic fibrosis, chronic pancreatitis, or type 1 
diabetes mellitus, the pancreas. A modified MVTx (MMVTx) 
does not include the liver. As discussed in Chap. 29, which 
organs are included in MVTx will depend on patient anat-
omy and disease process.

In comparison to transplantation of other solid organs, 
MVTx is performed the least. The Intestinal Transplant 
Registry (ITR) reports that worldwide between 2001 and 
2011, there were 458 multivisceral, 117 modified multivis-

ceral, and 572 liver-small intestine transplants, with signifi-
cant improvement in both graft and patient survival rates 
over time [1]. MVTx is a very complex procedure that pres-
ents multiple challenges for proper post-transplantation 
management, with a substantial risk of complications 
including rejection, infection, de novo malignancy, renal 
dysfunction, graft-versus-host disease, and others. Such 
medical complications combined with the demands on 
patients for strict adherence to medications, hygiene rules, 
specific dietary regimens, and other health behaviors as well 
as long-term management of all other aspects of a chronic 
illness can result in significant anxiety, depression, and 
emotional distress requiring psychosocial and mental health 
care. A team approach including transplant surgeons, gas-
troenterologists, infectious disease specialists, child devel-
opment specialists, and occupational, speech, and physical 
therapists as well as mental health clinicians is absolutely 
required for optimal post-transplantation management.

 Medical Course and Complications After 
Visceral Transplantation

 Rejection

In simple terms, rejection occurs because the allogeneic intes-
tinal tissue triggers both adaptive immune responses (through 
T cells and B-cell-derived alloantibodies) and innate immune 
responses (through natural killer cells, dendritic cells, innate 
lymphoid cells, and macrophages), the combination of which 
ultimately results in graft damage. Clinically, this may mani-
fest as fever, malabsorption, dysmotility, and ischemia, but 
there may also be an absence of symptoms in what is termed 
subclinical rejection [2]. In the earliest days of ITx, the risk of 
rejection was extremely high, with an estimated 85% risk of 
any type of rejection from 1990 to 1994. Although optimal 
approaches to induction therapy and immunosuppression are 
still evolving, multiple advances have yielded substantial 
improvements in recent years.
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The induction/immunosuppression regimen that is cur-
rently most commonly used includes the immunosuppres-
sant tacrolimus (TAC), with or without corticosteroids, along 
with anti-interleukin-2 (IL-2) receptor antibodies (Simulect) 
or an antilymphocyte globulin such as Thymoglobulin 
(Sanofi Genzyme, Cambridge, Massachusetts, USA) or 
ATGAM (Pfizer, New York, New York, USA) or the mono-
clonal antibody to CD52 alemtuzumab (Sanofi Genzyme, 
Cambridge, Massachusetts, USA). Based on the most recent 
Organ Procurement and Transplantation Network (OPTN) 
data, in 2016 over half (52.9%) of intestine transplant recipi-
ents received T-cell depleting agents; 16.2% received IL-2 
receptor antagonists; and 34.6% reported no induction ther-
apy [3]. The most common initial immunosuppressants used 
in 2016 were tacrolimus (97.8%), steroids (73.5%), and 
mycophenolate (38.2%) [3]. Among those who had reached 
1 year post-transplant in 2016, steroids were used in 80.2% 
[3]. At Stanford, Thymoglobulin is used for induction at 
1.5 mg/kg × 5 doses. TAC is given intravenously until nor-
mal intestinal function is restored, after which it is switched 
to oral dosing. During the first 3 months post-transplant, the 
TAC target trough level at 12  h is 15–20  ng/ml; after 
3 months, the target trough is reduced to 5–10 ng/mL. If cor-
ticosteroids are used, a bolus is given at the time of trans-
plantation, after which the dose is tapered down over 5 days 
to the dose used for maintenance. When alemtuzumab or 
Thymoglobulin is used as part of the induction regimen, cor-
ticosteroids are not used. Mycophenolate mofetil may be 
used to reduce the dose-related toxicity of calcineurin inhibi-
tor agents. Sirolimus is used at Stanford 1 month post-trans-
plant surgery.

Despite use of more advanced drug therapies in recent 
years, the risk of acute rejection is still substantial. Based on 
OPTN data, the incidence of acute rejection by 1 year post-
transplant from 2013 to 2014 was 23.9% in adult intestine-
liver recipients and even higher in pediatric recipients, 
affecting approximately one in three patients [4]. Acute 
rejection can range from mild to severe. With severe exfolia-
tive rejection, there is a very high risk of intestinal graft loss 
and mortality. Acute rejection most commonly occurs early, 
within the first 3  months post-transplant, but may occur 
much later, especially when there is reduced immunosup-
pression or patient nonadherence.

Diagnosis of rejection requires combining the findings of 
endoscopic examination, clinical observation, mucosal biop-
sies, and other factors. The complete approach to diagnosis 
that can distinguish between the various forms of rejection 
has been well reviewed by experts in the field [2, 5]. A uni-
fied grading system for assessing acute rejection through 
endoscopically derived small intestine allograft biopsy sam-
ples first proposed in 2003 [6] was later validated in a study 
that showed it to be reliable and useful for clinical decision-
making [7]. Multiple centers currently use this grading sys-

tem. Experts in the field strongly recommend that biopsies 
be taken from both native tissues (such as the esophagus, 
rectum, or skin) and from multiple allografts in order to help 
determine if findings are the result of alloimmune responses 
indicating rejection or are changes originating in the graft 
possibly indicating graft-versus-host disease or are the result 
of indiscriminate and global pathologies indicating, for 
example, infection or post-transplant lymphoproliferative 
disease [2]. In combination with the biopsy results, endo-
scopic findings are used to estimate the extent of damage to 
the mucosal layer. In addition, our understanding of bio-
markers that may be useful for a more complete understand-
ing of the rejection process is growing, and these may be 
more widely used in the near future. At Stanford, we are cur-
rently using the Pleximmune™ test (Plexision Inc., 
Pittsburgh, PA, USA), a test which predicts acute cellular 
rejection in children with liver or intestine transplantation by 
assessing T-cell reactivity toward HLA from the donor.

Antibody-mediated acute rejection can fall in one of two 
categories: (1) acute antibody-mediated (humoral) rejection 
(AMR) and (2) hyperacute (the graft is rejected within min-
utes to hours) or accelerated acute (the graft is rejected 
within days) rejection [2]. Hyperacute and accelerated acute 
rejection have become much less common with the institu-
tion of cross-match testing in ITx. AMR occurs when anti-
bodies directed to alloantigens trigger a graft-damaging 
combination of inflammation, coagulation, and other events. 
The most common form of acute rejection with ITx, includ-
ing MVTx, is T-cell-mediated acute cellular rejection (ACR) 
[2]. ACR is thought to result when donor alloantigens acti-
vate an immune response in which the damaging effects of 
cytotoxic (CD8+) T cells and helper (CD4+) T cells are not 
sufficiently countered by the protective response of immuno-
regulatory T cells (Tregs) that could suppress ACR [8].

For ACR, increased immunosuppression may be an effec-
tive therapy. However, with AMR, standard therapy is gener-
ally ineffective [9]. In one of the only large series published 
to date, acute AMR developed in 10.3% of ITx recipients 
[10]. Although a combination of steroids and T-cell-targeted 
OKT3 resulted in initial improvement, the majority of grafts 
(61%) ultimately failed as the result of the later occurrence 
of severe ACR or chronic rejection; at an average follow-up 
of almost 3 years, mortality was high (44%). At Stanford, we 
treat acute mild rejection with steroid pulses. For severe 
acute rejection, we use ATG. For antibody-mediated rejec-
tion, we use plasmapheresis, IVIG, and rituximab (Rituxan 
and others). If there is complement activation, we use eculi-
zumab (Soliris). For chronic ulcers, we use infliximab 
(Remicade) for treatment.

Chronic rejection that can lead to graft loss also occurs in 
some patients. In one large series, chronic rejection occurred 
in 15% of visceral allografts [11]. With chronic rejection, 
graft loss occurs in almost all patients [12]. Symptoms of 
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chronic rejection include diarrhea, weight loss, failure to 
thrive, chronic abdominal pain, and protein-losing enteropa-
thy [5], symptoms that are generally unresponsive to treat-
ment [2]. Repeated episodes of acute rejection and the 
duration and severity of rejection episodes are associated 
with the risk of developing chronic rejection.

Multiple aspects of rejection and the immunosuppressant 
medications used to prevent it may result in the need for 
patients to be referred for psychosocial care. Neurotoxic 
adverse effects of immunosuppressants may include anxiety, 
depression, agitation, sleep disturbances, cognitive impair-
ment, and other symptoms. Rejection episodes can result in 
anxiety and distress in transplant recipients. In addition, 
although specific findings on the association between rejec-
tion and medication adherence have differed between vari-
ous populations studied and the various adherence measures 
used, it is generally accepted that there is a substantial risk of 
post-transplant medication nonadherence that confers a sub-
stantial risk for rejection and graft loss [13–18]. Systematic 
reviews have shown that nonadherence is associated with 
approximately half (range 20–73%) of late acute rejections 
and 15% (range 3–35%) of graft losses [16–18].

Risk factors for nonadherence that have been identified 
include age from adolescent through young adult, old age, 
previous nonadherence, minority ethnicity/race, inadequate 
social supports, limited literacy, frequent medication 
changes, perception of symptom burden related to immuno-
suppressant medications, presence of psychological or psy-
chiatric illness, and poor perceived health [13, 14, 19–21]. In 
a large meta-analysis of 61 studies of nonadherence in pedi-
atric transplantation, it was shown that poorer family func-
tioning, including poor family cohesion and increased 
parental distress, poor child behavioral functioning, and 
increased child distress are important risk factors for nonad-
herence [19, 21].

With so many factors contributing to nonadherence, sim-
ple solutions for improving adherence are lacking. However, 
systematic reviews of solid organ transplant recipients sup-
port an individually designed approach that focuses on each 
recipient’s specific needs, barriers to adherence, and motiva-
tions [22]. Thus, referral for psychosocial support aimed at 
optimizing medication adherence through this type of indi-
vidualized approach may be an important component of a 
total approach to improving adherence and reducing associ-
ated rejection and graft loss.

 Infection and De Novo Malignancy

The leading cause of post-transplant mortality is infection, 
with up to 94% of patients developing a bacterial infection. 
Sepsis occurs in almost 70% of those who have received an 
intestine transplant, most commonly in the first 3  months 

post-transplant, with the most common sources of sepsis 
being the central venous catheter (49%) and intra-abdominal 
infections (33%) [23]. Sepsis related to bacterial transloca-
tion from the graft may also occur. Along with broad-spec-
trum antibiotics to treat the bacterial infection, treatment of 
these infections may require catheter removal, gut decon-
tamination, and cytomegalovirus (CMV) treatment.

CMV and other opportunistic viral infections are a sig-
nificant cause of graft loss, morbidity, and mortality. With an 
incidence of 16–24%, CMV is the most common. Several 
important risk factors have been identified [24]: (1) CMV 
donor/recipient mismatch; because the majority of pediatric 
patients are seronegative for CMV, they are at higher risk for 
this; (2) bacterial and fungal infections; the inflammation 
and cytokine release induced by these may increase CMV 
reactivation; (3) human herpes virus 6 (HHV-6) and HHV-7 
infections affect immune responses in ways that may reacti-
vate CMV; (4) induction therapy with lymphocyte-depleting 
antibodies; and (5) the use of steroids or polyclonal antibod-
ies to address rejection can increase risk for CMV reactiva-
tion [24]. The effects of CMV infection can range from 
relatively mild flu-like symptoms to severe pneumonia and 
gastrointestinal tract involvement. With the latter, nausea, 
vomiting, abdominal pain, and diarrhea are common. Most 
centers now do CMV prophylaxis in patients who are CMV 
donor-positive/recipient-negative or recipient-positive, with 
the choice of agent dependent on the ability to absorb oral 
medication [24]. In patients who can absorb oral drugs, val-
ganciclovir, an oral prodrug of ganciclovir, is recommended 
for 3–6  months post-transplant; intravenous ganciclovir is 
often used immediately post-transplant until absorption is 
normalized and in any patient with nausea/vomiting or diar-
rhea or who is otherwise intolerant of oral medications.

Post-transplant lymphoproliferative disorder (PTLD) is 
the most common de novo malignancy that occurs after 
intestine transplantation. It is almost always associated with 
Epstein-Barr virus (EBV). The presence of EBV viremia is a 
major risk factor for development of this proliferation of B 
cells resulting from immunosuppression. PTLD occurs more 
commonly in pediatric than adult patients. As with CMV, 
children are more likely to be EBV-negative and thus more 
likely to acquire the infection from a graft from an EBV-
positive donor. PTLD most commonly develops within the 
first 6 months post-transplant. According to OPTN data, for 
recipients who underwent transplant between 2003 and 
2013, PTLD developed within 5  years post-transplant in 
9.2% of intestine recipients and 6.8% of intestine-liver recip-
ients [4].

Because the calcineurin inhibitors adversely affect the 
function of T cells that might otherwise control proliferation 
of B cells, the use of these agents increases PTLD risk. 
However, rather than singling out specific agents as PTLD 
risk factors, it appears clear that a higher total amount of 
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immunosuppression, including that from maintenance thera-
pies as well as induction and rejection therapies, confers the 
highest risk. Frequent measurement of EBV viral load in 
order to monitor the possible need for immunosuppression 
adjustment is important. Where possible, reduction of immu-
nosuppression will often result in PTLD remission.

Primarily as the result of immunosuppression, other non-
lymphoid malignancies may also occur post-transplant, with 
incidence increasing with each additional year of immuno-
suppression. Multiple other viral infections may also occur, 
and knowledge of these is crucial for proper management of 
patients. Florescu and colleagues have provided an excellent 
review of the viral infections that may occur in intestinal 
transplant recipients, including clinical manifestations and 
approaches to prophylaxis and management [24].

Invasive fungal infections are also major causes of mor-
bidity and mortality in this population, occurring in 25.5–
59% of intestinal transplantation recipients [25]. According 
to data from the Transplant-Associated Infection 
Surveillance Network (TRANSNET), Candida species 
account for the majority (53%) of fungal infections in all 
organ transplant recipients [26]. However, other invasive 
fungal infections also occur, including aspergillosis (19%), 
cryptococcosis and infection with non-Aspergillus molds 
(8% each), infection with endemic fungi (5%, including his-
toplasmosis, coccidioidomycosis, and blastomycosis), and 
zygomycosis (2%) [26]. Data to show the incidence of these 
specifically in MVTx recipients is largely missing. One 
study showed that in comparison with isolated intestine 
transplant recipients, Candida infection occurs less often in 
MVTx recipients, possibly because of the transplanted liv-
er’s immunomodulatory effects [25]. Florescu and col-
leagues have provided an excellent review of these fungal 
infections that may occur in intestinal transplant recipients, 
including recommendations for the management of the vari-
ous syndromes caused by Candida species and the prophy-
laxis used to prevent them [25].

Another fungal infection that may occur in intestinal 
transplant recipients is Pneumocystis pneumonia (PCP) 
caused by P. jirovecii. Recommendations for routine PCP 
prophylaxis for 6–12  months post-transplant have lowered 
the occurrence of this pneumonia during that time period. 
However, studies that have shown PCP occurring in the years 
after prophylaxis was discontinued, particularly in patients 
who had been treated for rejection, were relatively more 
immunosuppressed, or were lymphopenic [27, 28], have led 
to the recommendation that prophylaxis duration should be 
chosen based on known risk factors [28].

The multiple medications used both for prophylaxis and 
for treatment of infections add to the burden of medication 
adherence that is already present with the immunosuppres-
sant medications; see discussion above under Rejection for a 
discussion of approaches to improving adherence.

 Graft-Versus-Host Disease

Graft-versus-host disease (GVHD) has been reported to 
occur in 5.6–9.1% of recipients of intestinal/multivisceral 
transplants, more commonly in children than adults [10, 28] 
and in recipients of MVTx compared to isolated intestine 
[10]. Patients with GVHD most commonly present with a 
macular erythematous rash, mild pruritus, and mouth or 
tongue lesions. There may also be blisters, most commonly 
on the abdominal skin, palms, and soles, native gastrointesti-
nal tract ulcers, diarrhea, and bone marrow suppression [29]. 
The reported outcome has differed substantially, with one 
series reporting 73% mortality [10] and another noting 
GVHD resolution in most patients with optimization of 
tacrolimus immunosuppression and steroid treatment [29]. 
In general, when only the skin is involved, GVHD can be 
successfully treated with steroids. However, with more 
extensive involvement, particularly of the recipient bone 
marrow, there is significant morbidity and mortality [5].

 Renal Dysfunction

Compared to other transplants, intestinal transplantation 
confers a higher risk of renal failure, although the reported 
incidence decreased from 21.3% in 2003 [30] to 16% in 
2008 [31]. The renal toxicity caused by the calcineurin inhib-
itors may develop as either acute azotemia or as chronic pro-
gressive renal disease. Because the overall total exposure to 
calcineurin inhibitors is related to renal insufficiency, dose 
reduction to limit the adverse renal effects is used. However, 
this reduction may be associated with increased graft rejec-
tion and loss, so the balance between these must be carefully 
considered. The reduced target levels for tacrolimus associ-
ated with increased use of induction therapies are expected 
to result in a reduction in the renal disease associated with 
this class of drugs. The initial lack of normal colonic absorp-
tion of water that follows intestinal transplants results in 
dehydration that also contributes to renal disease.

 Challenges in Maintaining Nutrition, Fluids, 
and Electrolyte Homeostasis

During the immediate post-transplant period, scrupulous 
monitoring of renal function, electrolytes, and fluid intake 
and output are crucial, with appropriate adjustments in intra-
venous fluids made as necessary to maintain fluid and elec-
trolyte balance. After this initial postoperative period, 
dehydration, hyponatremia, and metabolic acidosis still 
occur as the result of the water, sodium, magnesium, and 
bicarbonate loss associated with increased stool output. 
Thus, careful monitoring and appropriate replacement via 
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intravenous fluids will still be important. Initially, nutrition 
will be maintained with total parenteral nutrition (TPN), but 
this will be weaned as the return of intestinal function allows 
the gradual introduction of enteral nutrition. Both the con-
centration and type of enteral nutrition will be adjusted based 
on clinical response (see Chap. 31).

In some cases, particularly with pediatric patients, there 
will be food aversion. In these cases, the history of long-term 
TPN has left these children unaccustomed to a large gastric 
content volume. Many other factors may also contribute to 
oral aversion and referral to child development specialists, 
psychiatrists and psychologists, and speech and occupational 
therapists may be needed as part of the overall approach to 
transitioning the child to normal feeding. Team members 
may also need to work with parents to teach them the parent-
child interactions that will support the child’s transition to a 
normal oral feeding routine and to counsel them on the 
importance of this.

 Outcomes and Survival

Based on the most recent ITR data [1, 32] at 1, 5, and 10 years 
post-transplant, survival of intestinal transplant recipients 
was 77%, 58%, and 47%, respectively, worldwide. Intestinal 
graft survival is still lower as compared to other major 
organs. The multiple components of intestinal immunoge-
nicity still threaten long-term allograft stability and survival 
[12]. Based on ITR data, at 1, 5, and 10 years worldwide, 
graft survival was 71%, 50%, and 41%, respectively [1, 32].

Based on OPTN data on US patients:

• Patient survival was better overall for intestine recipients 
compared with intestine-liver recipients. It was lowest for 
adult intestine-liver recipients with 68.6% and 35.7% sur-
vival at 1 and 5 years, respectively, and highest for pediat-
ric intestine recipients with 88.1% and 74.6% survival at 
1 and 5 years, respectively [4].

• In pediatric patients (younger than age 18) who received 
intestine transplants (with or without a liver) in 2009–
2011, graft survival at 1 and 5  years was 72.0% and 
54.1%, respectively; for adult recipients, graft survival 
was 70.5% and 44.1%, respectively [3].

• For patients receiving the intestines without a liver from 
2009 to 2011, graft survival at 1 and 5 years was 70.9% 
and 47.6%, respectively [3].

• For patients receiving both the intestine and liver from 
2009 to 2011, graft survival at 1 and 5 years was 70.2% 
and 50.6%, respectively [3].

Compared to other transplant types, hospital readmis-
sion is more common after intestinal transplant. A recent 
single-center study of 65 adult patients who were recipients 

of an isolated intestinal (51 patients) or multivisceral (14 
patients) transplant found that 68% required early 
(<1  month) and 91% required late rehospitalization [33]. 
Readmission is most commonly due to dehydration, infec-
tion, surgical complications, gastrointestinal complica-
tions, and rejection.

Although data is very limited, compared to patients on 
parenteral nutrition, significantly improved quality of life 
and functional status have been reported in both pediatric 
[34] and adult [35] intestinal transplant patients. The most 
recent systematic review found that, in comparison with pre-
transplant quality of life, adult intestinal transplant recipients 
experienced improvements in anxiety, sleep, social support, 
and leisure and that quality of life improved with longer fol-
low-up [35]. Compared to home parenteral nutrition patients, 
post-transplant patients had significantly better energy, social 
functioning, and travel ability. In an important cross-sec-
tional study of 227 visceral allograft recipients (both adults 
and children) who survived beyond 5  years, Abu-Elmagd 
and colleagues showed that nutritional autonomy had been 
achieved in 90% of survivors, most of whom had been rein-
tegrated to society and had achieved self-sustained socioeco-
nomic status [36]. Quality-of-life inventories showed that 
most of the psychological, emotional, and social measures 
had significantly improved.

 Conclusions
As is made clear by the discussion of the typical medical 
course of intestinal transplant patients and the many com-
plications that they may experience, there are many chal-
lenges that are present in patients’ post-transplant lives. In 
the most fundamental way, these patients’ lives have per-
manently changed. Although quality of life may improve 
in multiple ways, most patients (and in the case of pediat-
ric patients, their parents) will need help addressing all 
these challenges and will benefit from the assistance of 
the team members providing psychosocial care.
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Post-transplant Psychosocial 
and Mental Health Care of Pancreas 
and Visceral Transplant Recipients

Jaqueline Posada and Catherine Crone

 Pancreas Post-transplant

As discussed in Chap. 30, the diagnosis of type 1 diabetes 
(T1D) marks the beginning of a changed existence. These 
changes include reliance on insulin; lifestyle modifications 
including dietary changes, frequent blood glucose monitor-
ing, and time-consuming medical care; and the psychologi-
cal sequelae such as depression, anxiety, diabetes distress, 
fear of hypoglycemia, and long-term prospect of diabetes-
related complications of nephropathy, neuropathy, and reti-
nopathy. The psychological evaluation of a pancreas 
transplant recipient should consider the individual in the 
context of T1D, as a lifelong, often debilitating illness that 
undoubtedly shapes the identity and expectations of the 
recipient. Pancreas transplant is not classified as a life-saving 
procedure, yet if successful, the transplant is a potential cure 
for diabetes as it restores normoglycemia and limits the pro-
gression of the complications associated with diabetes [1].

 Indications for Pancreas Transplant

Pancreas transplant is offered in several forms: simultaneous 
pancreas kidney transplant (SPK), pancreas after kidney 
transplant (PAK), pancreas transplant alone (PTA), and allo-
geneic islet transplant alone (ITA). ITA is a minimally inva-
sive procedure for treatment of problematic hypoglycemia 

and glycemic lability. Since the year 2000 with the publica-
tion of the Edmonton protocol by Shapiro et al., more than 
1000 successful allogeneic islet transplants have been per-
formed worldwide [2]. As of 2017, in the USA, ITA is pend-
ing a biologics license application to the FDA which would 
allow broader distribution of allogeneic islets and thus 
greater access to the procedure. Individuals with T1D and 
end-stage renal disease (ESRD) are candidates for SPK and 
PAK.  The American Diabetes Association (ADA) recom-
mends pancreas transplant for individuals with T1D without 
substantial renal disease but with frequent, acute, severe 
complications such as hypoglycemia, marked hyperglyce-
mia or ketoacidosis, and failure of insulin-based treatment to 
prevent these acute metabolic complications [3]. A second 
ADA criterion focuses on psychological impact of T1D cit-
ing “clinical and emotional problems with exogenous insulin 
therapy that are so severe as to be incapacitating” [4].

It is important to examine the differences between whole 
organ PTA and ITA and assess patient expectations before 
and after transplant. The procedural specifics are beyond the 
scope of this chapter; however, we discuss related risks and 
benefits with each choice and how these might impact the 
recipient after their transplant. Lasting insulin independence 
is more likely in whole organ pancreas transplant compared 
to ITA [5], and for this reason, PTA is offered to individuals 
who have nonadherence with their exogenous insulin ther-
apy contributing to the aforementioned complications of dia-
betes [1]. PTA carries a greater risk of postsurgical 
complications, such as hemorrhage and vascular graft throm-
bosis requiring re-laparotomy [6], and has a higher percent 
of death after 1 year when compared to SPK and PAK [7]. As 
with any transplant, the immunosuppressive agents confer 
their own post-transplant risks. PTA has relatively high 
cumulative incidence of post-transplant lymphoproliferative 
disorders (PTLD) of 2.3% at 5 years, as the intensive immu-
notherapy lends itself to higher risk of developing lymphoma 
[7]. Compared to whole organ PTA, allogeneic islet trans-
plantation has lower procedure-related morbidity [8]. Yet 
ITA also demands lifelong immunosuppression and usually 
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requires more than one infusion of islets to achieve insulin 
independence, and insulin independence is not guaranteed, 
with only 27–50% of patients remaining insulin independent 
after 5  years [5, 9]. For most recipients, ITA results in 
improved glycemic control as measured by HbA1C and pre-
vents episodes of hypoglycemia and if not freedom from 
insulin; recipients can expect a reduced insulin requirement 
[10].

 Fear of Hypoglycemia and QOL Peri-pancreas 
Transplant

Fear of hypoglycemia is a distressing condition which 
illustrates the all-encompassing nature of T1D as it touches 
on a person’s physical well-being, living with daily risk of 
harm or even death from hypoglycemia and impact on iden-
tity and social interactions. ITA is a treatment option for 
patients with optimal insulin therapy, as with continuous 
glucose monitoring or a subcutaneous pump, who still 
experience hypoglycemic episodes [10]. Specifically ITA 
has demonstrated effect in reducing worry and behaviors 
associated with fear of hypoglycemia and resulted in 
patient-perceived improvement of mental and social func-
tioning domains as measured by quality-of-life (QOL) 
instruments [11, 12]. Unfortunately, even in a 5-year fol-
low-up after ITA, recipients did not show significant 
improvement when assessed by the diabetes distress scale 
which asks about the emotional burden of diabetes, distress 
related to the insulin regimen, physician perception and 
involvement in a patient’s diabetes care, and interpersonal 
relationships such as friends and family [13]. A small 
Swedish study completed interviews with 11 patients about 
their fear of hypoglycemia before and after ITA, and quali-
tative analysis identified the following themes [14]. Before 
ITA, patients reported struggle for control over their social 
life due to unpredictability of their disease, and physical 
and mental limitations related to fluctuating blood glucose 
levels. After transplant, patients felt they regained power 
and control over their social life and improved well-being. 
These themes were echoed in similar qualitative analysis of 
interviews with Spanish patients pre-and post- SPK trans-
plant. Although after transplant, patients reported fear of 
graft loss and suffered from complications of both T1D and 
surgery, these individuals reevaluated their priorities and 
approached life with renewed effort to remain healthy and 
savor the present moment [15]. Additional focus was placed 
on tempering patient expectations of being “insulin free” 
after ITA and how to cope with disappointment that follows 
when a patient requires exogenous insulin after a period of 
insulin independence [16].

Most QOL data related to pancreas transplant is gath-
ered from studies examining SPK recipients. Overall, pan-

creas transplant, either alone or in addition to a kidney, 
leads to sustained improvement in patient-reported QOL 
outcomes, particularly those related to diabetes [17]. 
Patients with T1D and ESRD, after SPK or KTA, report 
improved QOL, largely related to correction of uremia and 
liberation from the demands of dialysis [18, 19]. When 
weighing the option of SPK or PAK transplant, patients 
should reflect on their personal diabetes-related illness bur-
den in terms of QOL and existing diabetes complications. 
PTA and SPK transplants show the strongest evidence for 
reversing or stabilizing diabetic complications such as neu-
ropathy, retinopathy, cardiovascular disease, and protection 
against future diabetes-related renal damage, although the 
calcineurin inhibitors (CNIs) pose their own risks of neph-
rotoxicity, glaucoma, and cataracts [20, 21]. Ideally for a 
patient, if either type of pancreas transplant is considered 
with a kidney transplant, it should be performed before dia-
betes complications are too far gone to be affected by pan-
creas transplant.

After pancreas transplant, patients report improvement 
in fear of hypoglycemia, diabetes-related QOL, and gen-
eral health measures. Speight et  al. comment that some 
patients consider their diabetes cured after pancreas trans-
plant, and this perception may skew the patient-reported 
scores on diabetes-specific QOL tools [22]. Post-transplant, 
mental health providers can help the patient articulate their 
thoughts and feelings about living a life without diabetes 
and transitioning to post-transplant life, a different but per-
haps more hopeful chronic medical condition. Recipients 
of combined pancreas and kidney grafts report improve-
ment in T1D-specific outcomes such as diet flexibility, no 
longer having to manage insulin and diabetes-related 
health issues, in addition to generally better perceptions of 
physical and social functioning and recovery of control 
and independence [19]. Pancreas transplant recipients also 
cite specific benefits related to resolution of their diabetes, 
such as preventing further kidney disease, improving car-
diovascular outcomes related to diabetes, and slowing or 
improving neuropathy and ophthalmologic outcomes. In 
the short term, SPK recipients reported significantly more 
hospitalizations within 1  year of their transplant, when 
compared to their KTA peers. However, after 3 years, there 
was no significant difference in reported emergency 
department visits or hospitalizations between SPK and 
KTA recipients [23]. A study of 126 patients after SPK 
transplant reported improvement in all domains on a QOL 
survey including enhanced mobility, self-care, usual activ-
ity, and less pain, discomfort, gastrointenstinal symptoms, 
anxiety, and depression with a large effect size in psycho-
logical and social functioning. Especially encouraging for 
this cohort was the significant decrease in unemployment, 
from 51% unemployed before transplant to 37% remaining 
unemployed after transplant [24].
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 Psychiatric Comorbidities, Sexual Dysfunction, 
and Cognitive Disorders Post-pancreas 
Transplant

Currently, limited research exists examining psychiatric 
comorbidities after pancreas transplant. Some QOL studies 
use the Beck Depression Inventory (BDI) or the Profile of 
Mood State (POMS) to assess mood and generally report a 
decline in depressive symptoms after transplant [13, 25, 26]. 
A study of 27 individuals who received ITA was assessed 
using the BDI before transplant and annually for 5  years 
after transplant. The mean pre-transplant BDI score was 
13.57, and transplant recipients reported a statistically sig-
nificant decrease in their BDI scores at 6 months and up to 
3 years post-transplant; the nadir of depression was reported 
at 1 year post-transplant. At 4 and 5 years out from trans-
plant, the patients still had a lower BDI score than before 
transplant; however, the difference no longer reached statisti-
cal significance [13]. Two Italian studies used the POMS in 
their psychological assessment, and patients who received 
either ITA or kidney-pancreas transplant reported a lower 
score in the depression-dejection category as compared to 
patients with T1D with and without ESRD [25, 26]. Review 
of the literature resulted in information on two domains 
arguably important to mood and psychosocial functioning: 
cognition and sexual function. Whether pancreas alone, pan-
creas in combination with a kidney transplant or ITA, studies 
report improvement in cognitive functioning. Compared to 
individuals with T1D and controls with ESRD, patients who 
received ITA reported less confusion. Patients also reported 
lower error rate on the Stroop test and higher scores on the 
Paced Auditory Serial Addition tests, suggesting that 
improved glucose control leads to normalization of attention 
abilities and information processing speeds [25]. A similar 
effect on cognitive capabilities was found in patients after 
SPK transplant compared to peers who underwent solely 
kidney transplant [26, 27].

Multiple factors in T1D influence sexual performance and 
activity including neuropathy, vascular complications, 
ESRD, and hemodialysis. Erectile dysfunction (ED) in T1D 
patients, pre- or post-transplant, should not be overlooked as 
ED is associated with psychological stress as well as coro-
nary artery disease and cardiovascular morbidity [28, 29]. 
Highlighting the importance of sexual function, a qualitative 
study of interviews with SPK recipients identified sexual 
dysfunction as an assault on masculinity for men, while both 
sexes expressed concerns related to diabetes, their reproduc-
tive function, and how transplant restored hope of fertility 
and ability to have a family [15]. Two studies examined ED 
and sexual satisfaction after SPK transplant. This research 
reminds clinicians to ask about intimacy, sexual function, 
and satisfaction, as these issues influence identity and close 
relationships and may be lost in the discussion of other clini-

cal outcomes. A study of 101 men with T1D and ESRD was 
evaluated for ED after SPK transplant. Before transplant, 
79% rated themselves as having mild to severe ED.  After 
SPK transplant, 41% reported improvement in their ED, and 
51% reported unchanged sexual function; these findings 
were considered equivocal. The authors of this study suggest 
that long-standing diabetes and subsequent macrovascular 
complications have a sustained negative impact on sexual 
function [30]. In 20 patients with T1D and ESRD, the authors 
compared the effect of the two types of transplant, as the 
group was split evenly between SPK and KTA recipients. 
The SPK recipients reported a significant improvement and 
less ED after transplant; items related to sexual satisfaction 
were comparable between groups [31].

 Multivisceral/Intestinal Post-transplant

Overall, patients undergoing MV/I transplant follow the 
pattern of other solid organ transplant recipients in which 
mood and anxiety disorders are the most common psychiat-
ric illnesses [32]. Currently, no studies focus explicitly on 
psychiatric comorbidities after MV/I transplant, though it 
is helpful to examine the few studies that directly examine 
psychiatric diagnoses in patients both before and after 
MV/I transplant. For example, DiMartini et  al. described 
pre- and postoperative psychiatric evaluation of 19 MV/I 
transplant patients. Polysubstance use, personality disor-
der, and anxiety disorder were reported as the most com-
mon pre-transplant diagnoses, with three patients admitting 
to continued polysubstance abuse as a continued problem 
post-transplant. In response to prolonged hospitalizations 
and medical complications after transplant, five patients 
developed adjustment disorders with anxious and depres-
sive features [33]. As already emphasized, some patients 
undergoing MV/I transplant present with pre-transplant 
substance (e.g., opioid) use disorder related to their under-
lying chronic illness [34]. After transplant surgery, pain and 
appropriate management in either the context of a sub-
stance use disorder or psychological distress after surgery 
will arise as reasons for psychiatric consultation.

In a more recent study regarding psychiatric disorders in 
25 patients undergoing MV/I transplant at a center in the 
UK, pre-transplant psychiatric diagnoses were frequent in 
patients whose chronic illness required transplant, such as 
Crohn’s disease [35]. At the time of transplant, almost 50% 
of candidates had a single psychiatric disorder, most often 
depression; however, in four of the patients, depression 
remitted after their transplant. One explanation could be that 
transplant itself confers relief from symptoms precipitated 
by dependence on PN. In the same sample, other post-trans-
plant psychological concerns included chronic pain, body 
image issues related to a stoma, and recreational drug use. A 
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prolonged inpatient stay leading to social isolation and stress 
on relationships affects general well-being and mental health 
of a patient post-transplant. Social supports or partnership 
status can change with relationship breakdown after trans-
plant. Notably, the presence of a double psychiatric diagno-
sis did not extend the length of postoperative hospital stay 
[35].

Based on self-reported QOL outcomes, MV/I transplant 
is generally perceived as improving the QOL of individuals 
with intestinal failure on PN, and gains in QOL continue 
with longer follow-up [36]. Even in the first study of QOL 
after MV/I transplant, patients described marked improve-
ment in psychological, social, and physical domains [34]. 
For most MV/I transplant patients, interpreting gains or 
losses in QOL is based on comparisons of life while depen-
dent on PN.  Most QOL studies comparing PN-dependent 
patients to transplant patients use generic QOL question-
naires or questionnaires designed for other solid organ trans-
plants. For the pre- and postoperative evaluation of MV/I 
transplant patients, a QOL questionnaire designed for long-
term PN patients can help the evaluator focus on resolution 
of PN-specific issues. This would include questions regard-
ing the impact of a catheter on body image; whether PN 
equipment interrupts sleep; ability to eat and drink; pain, 
nausea, or vomiting related to food intake; GI symptoms like 
bloating or bowel movements; care of a stoma; and clarifica-
tion if QOL is impacted by TPN or the underlying illness. 
Data collected using a PN-specific QOL questionnaire dem-
onstrated post-transplant improvement of statistical signifi-
cance in five areas: ability to travel, fatigue, gastrointestinal 
symptoms, stoma management and bowel movements, and 
general quality of life [37].

A 2012 study by Abu-Elmagd et al. from the University 
of Pittsburgh presents the most comprehensive data on QOL 
measured using a Quality of Life Inventory (QOLI) which 
contained 125 questions addressing 25 domains; 76 patients 
were evaluated pre- and post-MV/I transplant with a mean 
follow-up of 6.5 +/− 4  years [38]. As measured by the 
QOLI, depression and financial obligations were considered 
worse after transplant, with the change reaching statistical 
significance for both of these domains. Patients also reported 
negative impact in terms of needing sleep medication, feel-
ing forgetful, as well as physical impairments such as occa-
sional loss of balance, involuntary body movements, and 
joint pain. The authors suggest tacrolimus and other mainte-
nance medications contribute to the physical ailments. For 
many patients, MV/I transplant promises improvement in 
psychosocial and physical domains that suffered before 
transplant. The psychosocial impact of MV/I transplant is 
broad with improvement in symptoms such as anxiety, ner-
vousness, mood, stress, cognitive ability, negative body 
issues, sleep pattern, and impulsiveness. Socially, patients 
report better coping skills and social support, more time for 

hobbies and leisure, and enhancement of sexuality and qual-
ity of relationships [38, 39]. Despite overall optimism after 
transplant, for some the new identity of “transplant patient” 
is no easier to bear than “TPN dependent.” In a study focused 
on psychological adaptation after transplant, patients 
emphasized positive personal growth while also reporting 
lower scores in autonomy and positive relationships with 
others [40]. Physical domains of weight, nausea/vomiting, 
energy, and medical satisfaction also improve [38, 39]. Post-
transplant patients still face challenges of pain and discom-
fort, greater need for medications and drugs, and decreased 
mobility [41, 42].

 Pediatric MV/I Transplant: 
From Developmental Concerns to Quality 
of Life Post-transplant

In children, anatomically short gut and motility disorders are 
causes of IF.  Underlying diagnoses include gastroschisis, 
necrotizing enterocolitis, pseudo-obstruction, Hirschsprung’s 
disease, and microvillus inclusion disease [43, 44]. The 
majority of developmental, psychological, and QOL issues 
continue after transplant and will be discussed from a post-
transplant perspective. Counseling families before choosing 
MV/I transplant surgery is also examined, though in the con-
text of QOL after MV/I transplant.

Challenges arise as children requiring MV/I transplant 
have not learned how to eat. Pre-transplant dependency on 
PN can lead to oral feeding delays of difficulty swallowing, 
chewing, and weak development of the oral cavity muscles 
contributing to speech and language delays [45]. Attention 
must be paid to oral intake and the development of disor-
dered eating influenced by early dependency on PN. After 
transplant, some children may continue PN for nutritional 
support, while others may develop moderate to severe 
anorexia, as in loss of appetite and difficulty eating. 
Compliance to an immunosuppressive regimen and long-
term graft function helps children attain normal growth or 
experience catch-up growth [46, 47]. Hyperphagia and inten-
sive attention to nutrition compensate for subnormal energy 
absorption.

Nutritional deficits from IF and dependence on PN con-
tribute to developmental delays. The risk of continued devel-
opmental delays should be communicated to parents who 
may expect a developmental recovery in parallel with medi-
cal recovery. A few small studies by Thevenin characterized 
the neurodevelopmental delays before and after MV/I trans-
plant. Before liver or MV/I transplant, children are unlikely 
to function at normal mental or motor development. Of the 
MV/I transplant candidates studied, the majority were con-
sidered significantly delayed [48]. Infants receiving MV/I 
transplant experienced more cognitive and physical delays 
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compared to peers who underwent liver transplant. Even 
with early transplant, before 3 years of age, the MV/I trans-
plant group experienced mental delays, and over 90% had 
severe motor developmental delays [49].

Pediatric MV/I patients will need access to special edu-
cation services, physical therapy, or speech therapy as 
developmental delays persist after transplant. With access to 
rehabilitative services, children have the potential to return 
to age-appropriate activities at daycare or school [47]. In a 
cohort of 26 patients who were children at the time of trans-
plant, 66% completed high school or some college, while 
the remainder attended special skill class or attended high 
school with an Individualized Education Program (IEP). 
The 2012 study by Abu-Elmagd et al. from the University of 
Pittsburgh followed 59 children who were 5  months to 
11 years of age at the time of transplant; 37% (n = 22) were 
diagnosed with a neuropsychiatric impairment including 
developmental delay, attention deficit hyperactivity disorder 
(ADHD), and autism [38]. As with developmental delays, 
pediatric intestinal transplant patients fared worse than their 
liver transplant peers in terms of performance of daily living 
skills, communication, and socialization [50]. However, 
female gender and having caregivers with higher educa-
tional levels (more than a high school degree) were identi-
fied as factors with a positive impact in resumption of these 
skills.

As families decide to pursue MV/I transplant, they will 
weigh survival statistics, functional assessments, and non-
medical outcomes measured by QOL evaluations. Though 
data remains limited, several studies have examined non-
medical outcomes in the pediatric population. Generally 
patient perceptions of QOL improve with age and time from 
transplant [51]. After MV/I transplant, children often rated 
their QOL similar to normal controls. Yet parents of children 
post-transplant, both intestinal and liver, rated their child as 
having a lower QOL including physical functioning and gen-
eral health and social limitations due to physical functioning 
[52]. Discrepancy between child and parent perceptions of 
QOL was reflected in separate two studies [53]. Both studies 
reflected the child’s desire to be perceived as healthy mani-
fested in the divergence of children’s answers from their 
parents.

Information about post-transplant QOL and nonmedical 
outcomes can assist families considering MV/I transplant as 
well as physicians who advise them. Pediatric surgeons and 
neonatologists were surveyed on their counseling practices 
regarding management of severe short bowel syndrome and 
recommendations of maintenance with PN, bowel adaptation 
or rehabilitation, and surgical options of bowel lengthening 
or intestinal transplant [54]. Long-term burden to the child 
and their family was listed as a QOL concern and reason for 
not offering intestinal transplant to parents of these infants. 
Undoubtedly, families will weigh survival data and QOL 

factors according to their values. As with adults, certain QOL 
domains improve after intestinal transplant, though MV/I 
pediatric transplant patients do not show the same degree of 
improvement compared to peers receiving other solid organ 
transplants such as liver transplant. Even after transplant, 
children and their families endure chronic illness and risk 
continued dependence on TPN, difficulties surrounding eat-
ing, and emotional and behavioral problems established ear-
lier periods of illness.

 Conclusions
Pancreas and MV/I transplants are treatment options for 
patients who have struggled with chronic illness, whether 
T1D or IF, for considerable periods of time. The patients 
who choose these transplants are used to depending on 
something external, whether insulin or PN, to survive. 
MV/I and pancreas transplant carry risks of surgical and 
medical complications with prolonged hospitalizations, 
and patients should be counseled that neither transplant 
is a cure for all of their symptoms of underlying illness. 
For patients with T1D, ITA or PTA can relieve worry and 
behaviors associated with fear of hypoglycemia as well 
as improve symptoms of depression. Specifically, ITA is 
particularly useful for patients with hypoglycemia and 
reduces insulin burden but does not guarantee insulin 
independence in the long term. MV/I transplant typically 
results in freedom from PN dependence, and post-trans-
plant patients report improvement of psychosocial 
domains such as anxiety, mood, sleep, and body issues. 
They now have the time and ability to pursue personal 
interests such as relationships, hobbies, and travel. Most 
importantly, pancreas and MV/I transplants provide 
relief to the underlying diseases that led to transplant and 
a sense of freedom from dependency on medical devices 
to survive. Mental health providers should approach 
these patients as chronically ill, often since childhood, 
and susceptible to distress and mental illness, but ulti-
mately adaptable and resilient, particularly to medical 
challenges.
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 Introduction

In 2005, the first partial face transplant was done, illuminat-
ing ethical and psychological issues that were only conjec-
tured prior to that time [1].

Siemionov proposed the concept of the face as an organ 
with key functions, including communication, consumption 
of food, and conveying emotion [2]. Furr et al. noted that the 
face also contributed social information (age, ethnicity, gen-
der identity, and biological sex) [3].

After traditional reconstructive techniques have failed to 
restore function and more normal appearance, face trans-
plantation (FT) is considered a last resort intervention, not 
only for cosmetic purposes alone but also for restoration of 
function, sensation, and movement of important structures, 
such as the lips. Due to concerns about how much the recip-
ient would resemble the donor, potentially upsetting to the 
donor family, appearance transfer was studied using cadav-
ers [4] and computer simulation [5]. In these studies, the 
recipient looked like a blend of the donor and recipient as 
the donor face is applied over the recipient’s bone 
structure.

 Prevalence of Facial Disfigurement 
and Facial Transplantation

An estimated 10% of the US population has some degree of 
facial disfigurement that severely impacts their ability to lead 
a normal life [6].

The support group Changing Faces views the terms disfig-
urement or deformity as harsh and stigmatizing and has sug-
gested using the terms visible difference or visible distinction. 
This group estimated those affected by visible difference in 
the United Kingdom at 400,000 in 2001 [7]. The etiologies 

of visible difference include acquired (disease and trauma) 
and congenital conditions [8, 9].

Since 2005 and to date, there have been 39 transplants 
in 8 countries, including Belgium (1), China (1), France 
(10), Spain (4), Turkey (7), and the United States (13). The 
median age of FT recipients was around 35  years old, 
ranging from 19 to 59 years old. Face transplantation has 
been done overwhelmingly for male patients, with 79.5% 
of FT recipients being male. Candidates may have a high 
rate of alcohol and opioid use disorders (60% in Cleveland 
Clinic series) and suicide attempts via gunshot wounds 
(GSW) (40% in Cleveland Clinic series). Worldwide mor-
tality has been 6 out of 39 individuals, equaling 15.4% 
through May 2017, with the last 2 recipients less than 
1 year post-transplant (Table 34.1).

The indications for face transplant have included:

• Animal attacks – 3
• Arteriovenous malformation − 1
• Ballistic injuries − 17
• Blunt trauma – 2
• Burn injuries – 10
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Table 34.1 Indication for transplant, cause of death, and survival of 
patients who died after FT

Patient Location Indication Cause of death Survival
1a France Dog bite Small-cell lung 

cancer
10 year 
5 month

2 China Bear bite Nonadherence, 
sepsis

2 year 
3 month

6 France Burn 
injury

Sepsis 2 month

9b Spain Cancer Cancer 3 year 
11 month

16 France Gunshot 
wound

Suicide 3 year

29 Turkey Gunshot 
wound

Lymphoma, 
respiratory failure

1 year

a60.56
bCavadas [60]

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_34&domain=pdf
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• Cancer − 1
• Neurofibromatosis – 4
• Vascular tumor – 1

 Facial Disfigurement and Psychological 
Comorbidity

Depending on the cause, duration, and age of onset of the 
facial disfigurement, the psychological comorbidities in 
these patients may differ. There is a broad spectrum of adap-
tation to facial reconstruction in adulthood [10].

Facial trauma in urban centers tends to be more preva-
lent in single unemployed young males in their 30s, with 
high levels of anxiety, depression, hostility, poor impulse 
control, and substance use disorders [11]. Determinants of 
 post- traumatic stress disorder (PTSD) symptoms in the 
year following an injury include the level of stress the year 
before the injury, severity of pain, poor social supports, and 
previous trauma history. About 23% of patients will have 
PTSD symptoms 1 year after injury [12]. Other factors pre-
disposing to PTSD after facial injury include older age and 
female sex [13, 14].

Factors predicting better adjustment in facial burn patients 
include less avoidant coping, lower functional disability in 
men, more involvement in recreational activities, more reli-
ance on problem-solving for women, and higher levels of 
social support [15].

Patients with facial disfigurement from head and neck 
cancers typically have low levels of depression and report 
high levels of life happiness with positive feelings of 
well- being. Women show more depression and less happi-
ness, but social support buffered the impact of disfigure-
ment [15]. Quality of life (QOL) is not necessarily 
lower in these patients as compared to normal populations 
[16, 17].

After facial surgery, dysfunction may manifest as either 
denial or obsession with the defect, depression, nonadher-
ence with follow-up visits, and social isolation. Dropkin 
observed that effective coping preoperatively predicted 
coping well postoperatively. Successful reintegration of 
body image was indicated by reduced anxiety, attending to 
self- care, and resuming socialization [18, 19].

Newell and Marks observed more psychological distur-
bance in those with facial disfigurement than the general 
population, as measured by the General Health Questionnaire 
and the Hospital Anxiety and Depression Scale [20]. 
Disfiguring conditions may result in more addiction, anxiety, 
altered body image, depressed mood, marital stress, PTSD, 
social anxiety and withdrawal, and worse quality of life [21, 
22]. However, extent, severity, or type of facial disfigurement 
may not predict adjustment [23–26].

The impact of facial disfigurement may vary with the 
patient’s developmental stage in life [26]. Bonding with par-
ents may be altered by congenital facial disfigurement, espe-
cially if facial expression is affected [27, 28] as in Moebius 
syndrome (i.e., a rare congenital neurological disorder 
affecting muscles that control facial expression and eye 
movement) or if language development is affected. 
Behavioral problems in children may result from craniofa-
cial conditions; these challenges include aggression, hyper-
activity, learning disorders, oppositional defiant disorder, or 
social inhibition, with anxiety and depression continuing 
into adulthood [29, 30].

Teasing about facial differences may happen at any age 
but is more typical in the 4- to 12-year-old cohort. Adults 
with craniofacial conditions have experienced discrimina-
tion, may have interpersonal problems and marry later, and 
may have panic attacks [31–35]. Leaving familiar sur-
roundings for new schools, jobs, or neighborhoods is more 
difficult for those with facial differences and may require 
developing new coping strategies for interacting with peo-
ple that are unfamiliar with them [36, 37]. Rumsey and 
Harcourt have written in detail about treatment of develop-
mental issues in children with visible differences and their 
families [9].

Psychiatrists should also be aware of trephine syndrome, 
once thought to be psychological, seen in some patients with 
traumatic midface injury resulting in a large craniectomy. In 
1939, Grant proposed that the sense of vulnerability due to 
lack of an intact skull resulted in apprehension and insecu-
rity, depressed mood, discomfort at the site of the defect, diz-
ziness, fatigability, and intolerance to vibration [38]. Clues 
to the diagnosis of this syndrome include arrest of rehabilita-
tion or acute deterioration, with aphasia, behavioral or cogni-
tive deficits, paresis, and tremor [39]. Symptoms may include 
focal weakness, headache, neuropsychiatric disturbance, 
midbrain syndromes [40], and parkinsonian symptoms [41]. 
Other presenting symptoms may include altered level of con-
sciousness, cranial nerve deficits, psychosomatic distur-
bance, and seizures. Cognitive deficits may include decreased 
attention, problems with executive function, and memory 
impairment. Headache may be positional, exacerbated by 
sitting up and relieved by the horizontal position. These 
symptoms may occur on average 5  months after craniec-
tomy, with rapid improvement after cranioplasty in approxi-
mately 4 days. Roughly 55% of patients recover independence 
with activities of daily living within 3–6 months of rehabili-
tation [42]. Although verbal fluency may return within days 
to weeks, the spasticity in gait and weakness may persist in 
some patients requiring prolonged rehabilitation. The defi-
cits in executive functioning and memory may delay the abil-
ity of the patient to retain information on facial transplantation 
in order to have capacity to consent the procedure. This 
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syndrome has also been called syndrome of the sunken skin 
flap [43], the motor trephined syndrome, and “neurological 
 susceptibility to a skull defect,” which has been suggested as 
a neutral descriptive term [44].

 Comparing Face Transplantation with Solid 
Organ Transplantation

In comparing FT with solid organ transplantation (SOT), 
there are similarities and differences. The differences include:

• Face transplant, like hand transplant, has not been shown 
to improve survival but is performed to enhance QOL [45].

• Patients with FT have higher mortality compared to some 
SOT, total 15.4% to date.

• Rejection may occur later in FT, as compared to SOT, 
between days 7 and 120.

• Patients potentially have prolonged, up to 6 months, hos-
pital stays, much longer than most SOT, other than small 
bowel transplant recipients [46].

• There is an increased emphasis on informed consent for 
an experimental procedure that is not life-saving, but 
hopefully life-enhancing [47].

• A demanding speech therapy regimen is needed to 
enhance facial mobility and to clarify speech, so patients 
must be motivated.

• Long-standing tracheotomy care and percutaneous endo-
scopic gastrostomy (PEG) tube feeding may be needed 
pre- and post-FT.

• Potential substance use and chronic pain disorders can 
arise from injury and multiple facial surgeries.

• A rescue plan must be in place in case the face transplant 
fails; the recipient must have enough skin available to do 
another flap to cover the facial structures.

• An increased focus on societal reintegration after surgery 
is a measure of success.

• Media training and tight security postoperatively are 
helpful for recipients, due to intense interest of the media 
and public.

 Course and Complications After Facial 
Transplantation

Facial transplantation surgery duration has ranged from 15 to 
53  h, with as little as 500 milliliters of blood loss up to 
27 units of pack red blood cells needed for transfusion for a 
patient with neurofibromatosis [46]. Facial sensation may 
return within 2–6 months, with motor function recovering by 
1 year after the transplant [46, 48]. In terms of social func-
tioning, Lantieri documented that four of seven recipients 

returned to work thus far [49]. The ethical issues relevant to 
FT have been addressed elsewhere at length and were con-
sidered at the Cleveland Clinic 5 years before the first face 
transplant was done [50–52].

Immunosuppression for FT resembles standard immuno-
suppression for solid organs. For facial transplantation, a tar-
get level of 12–15 ng/ml for tacrolimus is used for the first 
3 months and 10–12 ng/ml thereafter, in combination with 
mycophenolate mofetil (MMF) and prednisone. Weekly 
biopsies are done on the skin and oral mucosa for 1 month, 
then biweekly for 2  months, and then monthly during the 
first 6 months. Mucosal biopsy may be more likely to show 
rejection than skin. Speech therapy may be daily for the first 
6 weeks, including static and dynamic exercises, gentle mas-
sage, and sensory reeducation.

Patients must be educated about the potential risks inher-
ent with transplantation, including infection, rejection, 
length of hospital stay and recuperation, surgical risks, and 
risk of cancers with long-term immunosuppression. In addi-
tion, there may be a need for revision procedures, averaging 
2.6 per patient (range 0–5 procedures) [53]. Sosin and 
Rodrigues described at length the type and extent of revi-
sions done by various teams, ranging from major to minor 
procedures [54] (Table 34.2).

In 2007 Vasilic et al. attempted to quantitate risks for FT 
based on 10-year data reported for kidney transplantation 
and 5-year data for hand transplantation using standard 
immunosuppression with tacrolimus, MMF, and corticoste-
roids. Estimates of risk for FT were as follows [58]:

• Acute rejection – 10–70% risk.
• Acute rejection reversibility – 100% with steroids alone.
• Chronic rejection – <10% over 5 years.
• Hypertension – 5–10%.
• Renal failure – <5%.
• Diabetes – 5–15%.

These predictions were fairly accurate; though there have 
been no cases of frank renal failure requiring dialysis, 
Lantieri reported decreased, but higher than 60 ml/min, glo-
merular filtration rate (GFR) in all recipients. He also 
reported hypertension in three out of seven patients, hyper-
cholesterolemia in three out of seven patients, and hypertri-
glyceridemia in one recipient [49]. Diabetes has been 
reported in FT recipients [59, 60].

Acute rejection is nearly universal with worldwide teams 
reporting two to eight episodes of acute rejection per recipient 

Table 34.2 Infections in facial transplant recipients [54–57]

Bacteria Pseudomonas, Staphylococcus
Fungus Aspergillus, Candida
Virus CMV, EBV, HSV+, MCV+
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[59, 60]. Two cases of chronic rejection have been reported as 
well [61]. With composite allografts, the skin is the primary 
target for rejection, and generally muscle and bone are spared. 
With FT rejection, mild rejection is seen only on biopsy, 
though with more severe rejection, this is readily apparent as 
the face appears sunburned. Topical tacrolimus has been used, 
but the efficacy has not yet been proven in FT [62].

Of note, the first FT recipient developed class II donor- 
specific antibodies, later had sentinel graft necrosis, and sub-
sequently showed decreased flow in the right facial artery 
with C4d deposits on the endothelium of some dermal ves-
sels in the graft. She was treated with plasmapheresis, three 
cycles of bortezomib, and rescue therapy with eculizumab. 
However, necrosis of the lips and perioral area developed, 
and surgical excision of the lower lip, labial commissures, 
and partial right cheek was needed [61].

To date, there are no reports of graft-versus-host disease 
with FT [63]. Infections transmitted to FT recipients from 
the donor include cytomegalovirus, oral herpes simplex 
virus, molluscum contagiosum, and treponema pallidum 
[46]. Fatigue due to CMV transmission may compromise 
QOL [64]. CMV resistant to current antiviral drugs has been 
seen in FT recipients [49]. Since face transplant is not a life-
saving procedure, it may be prudent to require the donor to 
be CMV negative if the recipient is CMV negative, as is the 
case in hand transplantation [58]. However, requiring donors 
to be CMV negative for CMV negative recipients may 
unnecessarily prolong the waiting period.

Certain risks are difficult to quantitate for face transplan-
tation, for example, neurological side effects with tacroli-
mus; osteonecrosis, cardiovascular risks, cataract, or 
glaucoma with corticosteroids; or gastrointestinal side 
effects and leukopenia from MMF.  The experience with 
immunosuppression is still not sufficient to know whether 
minimizing protocols, with gradual steroid withdrawal and 
low levels of calcineurin inhibitors (CNIs), will be possible 
in FT recipients. There is some evidence with other grafts 
that mTor inhibitors may prevent chronic rejection. The risks 
of nonadherence to immunosuppression with grafts that are 
not life sustaining may be higher than with other organs, as 
evidenced by the high rates of acute rejection [61].

The risk of cancers postoperatively with hand transplant 
was estimated by extrapolation from kidney data and thought 
to be about 3%, with one third of these being skin cancers, 
some of which are preventable with good sunscreen prophy-
laxis [45]. To date, 10.3% of FT recipients have had cancer 
[54]. One patient, in particular, developed with EBV-related 
B-cell lymphoma 14  months after transplantation which 
recurred 9 months after treatment with rituximab [54]. After 
treatment with rituximab, cyclophosphamide, doxorubicin, 
prednisone, and vincristine, cancer went into remission. 
However, 3 months later, he was diagnosed with EBV-related 
smooth muscle cell tumor of the liver [54].

Another FT recipient was found to have a squamous cell 
carcinoma on his arm and 1 month later was diagnosed with 
stage III non-Hodgkin’s lymphoma. After treatment with 
rituximab, cyclophosphamide, doxorubicin, prednisone, and 
vincristine, he developed aspergillus pneumonia that spread 
to the brain. His immunosuppression was discontinued, and 
the facial graft rejected 16 days later and was removed and 
replaced with an anterolateral thigh flap. A second episode of 
respiratory failure ensued after extubation, and he suc-
cumbed 11 months later to cardiac arrest [54].

Two other FT recipients developed cancer. One HIV- 
positive recipient had a relapse of squamous cell cancer, 
which he initially had 11 years prior to his FT [54]. Finally, 
the first FT recipient in France was found to have a small cell 
lung cancer during her reevaluation for re-transplant after 
diagnosis of chronic rejection and surgical excision of part of 
the graft. The lung cancer was resected, but the patient con-
tinued to smoke; the cancer recurred and led to patient’s 
death in April 2016 [61].

EBV-mismatched transplants (donor+/recipient-) are 
thought to have a higher incidence of post-transplant lym-
phoproliferative disorder (PTLD) [65, 66]. To extrapolate 
from SOT, the incidence of non-Hodgkin’s lymphoma is 
estimated at 0.3–0.4% in the first year post-transplant with 
SOT and 0.06–0.09% per year thereafter, but PTLD has 
been seen years after the original transplantation [65, 66]. 
Kaposi’s sarcoma can occur in SOT recipients but is gener-
ally treatable by switching from CNI to sirolimus, which 
inhibits mTOR and has anticancer properties. There has 
been no increase in other common types of cancer seen 
among transplant recipients, such as breast, colon, lung, and 
prostate cancers [65, 66].

 Assessment and Communication Strategies

Preoperative assessment of FT candidates may be hampered 
as many patients have severe speech impediments that impair 
communication if they lack midface structures such as the 
maxilla, upper and lower incisors, palate, nose, and lips. 
Surgical attachment of an artificial palate or using an obtura-
tor to close the gap in the palate can markedly improve intel-
ligibility of speech. Writing boards may help but may be 
difficult to use post-transplant with visual impairment and 
tremor due to CNIs. A reading machine can be used for 
teaching about transplantation for patients that are legally 
blind but retain some vision. Cellular phone alarms and 
watch alarms can be set for the times medications are due. 
Visual impairment may result in some mistakes in adherence 
to the immunosuppression medication regimen. Total blind-
ness was initially considered an absolute contraindication for 
FT, but totally blind patients have now been transplanted 
successfully despite the challenges [67, 68].
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 Eye Transplantation

Eye transplantation may one day remedy the dilemma of FT 
in totally blind patients. The ethical considerations were 
reviewed by Sivak et al. in 2016 [69]. Davidson et al. reported 
that surgical protocols are underway using the rat model, 
noting that the technical feasibility was established and that 
with advances in immunosuppression and new therapies in 
neuroregeneration, human surgical protocols are needed to 
promote momentum toward the goal of eye transplantation 
[70]. As novel as the idea of whole eye transplantation seems, 
the first report of an eye transplant in humans was in 1885 
when Dr. Chibret replaced a girl’s eye with a rabbit’s eye 
which failed by postoperative day 15 due to lack of effective 
immunosuppression in that era [71]. Since that time, both 
cold-blooded animals (e.g., salamanders and frogs) and 
mammals (e.g., canine, rabbit, rat, sheep, and swine) have 
been used as models for eye transplantation [71].

 Patient Selection and Psychiatric Evaluation 
of Face Transplant Surgery Candidates

The timing of evaluation for FT must allow for:

• Time to grieve losses and coming to grips with the inju-
ries sustained,

• Treatment of PTSD and any depression,
• Rehabilitation.

Goals of psychiatric evaluation for FT include (1) select-
ing motivated patients, (2) deliberating options besides face 
transplant, (3) discussing risks and benefits of transplanta-
tion, (4) describing the success rate and rescue procedures, 
(5) providing education about immunosuppression regimen, 
(6) recognizing need for smoking or substance abuse reha-
bilitation, and (7) identifying psychiatric disorders requiring 
treatment for better outcomes.

In order to establish a registry of prospective face trans-
plant candidates, a rating scale was developed, the Cleveland 
Clinic FACES score which is analogous to the MELD score 
for liver transplant candidates [72].

Psychiatric contraindications to face transplant surgery 
include [73, 74]:

• Active bulimia nervosa
• Active psychotic disorder
• Severe personality disorders
• Active substance use disorders
• Nonadherence to the medical regimen
• Mental retardation without adequate social support
• Suicide attempts or psychiatric admission within the 

past year

Many predictions were made before the first FT occurred, 
anticipating what personality traits and behaviors would typ-
ify the successful candidate [75]. The need for high levels of 
self-esteem based on factors other than physical appearance 
was thought to be necessary for successful FT [75]. In our 
two first recipients at Cleveland Clinic, the first had high self-
esteem based on factors other than appearance. This patient 
continued to have fairly consistent high self-esteem after FT, 
with resumption of more social activities, and FT resulting in 
less teasing and verbal abuse in public. Our second recipient 
has not achieved his goal of resuming work with FT, namely, 
a corneal transplant. He also was more dependent on physical 
appearance for self-esteem, and his self-esteem initially 
diminished after transplantation, with poor satisfaction in 
social activities and strain in relationships. The FT did not 
lead to increased intimacy as he had hoped.

Taking an active approach to the comments made by the 
public about the patient’s disfigurement is good preparation 
for handling the intense media attention and comments by 
the public after a face transplant [75]. Avoidant strategies can 
decrease anxiety but may delay the rehabilitation needed 
prior to successful FT.

Some predictions about FT were unrealistic. Patients who 
believe others judge them on appearance are accurately per-
ceiving reality [76]. Studies show that opinions are formed 
within minutes of an introduction, and much of this assess-
ment is based on appearance, involving encoding social infor-
mation in the amygdala and posterior cingulate cortex [76].

Key to patient selection is the distinction between asser-
tive coping strategies in handling the injury and social 
encounters and long-term avoidant strategies. Lazarus 
described this dilemma as the conflict between protection of 
the self versus presentation of the self [77]. Avoidant strate-
gies may be used temporarily for some months to decrease 
anxiety and allow recovery; however, long-term passivity 
predicts poor adjustment after craniofacial injury [78].

Avoidant strategies include:

• Social withdrawal.
• Not talking about the extent of the injuries.
• Not mourning the losses due to the injuries.
• Not touching or looking at the facial injuries in the 

mirror.
• Covering the injuries habitually with makeup, masks, or 

hats.
• Excessive and repeated verbal denial that the injury 

occurred.
• Not confronting the functional losses (eating, drinking, 

speech, vision).

Assertive coping strategies include:

• Taking the initiative in social interactions.
• Educating others about facial disfigurement.
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• Calmly confronting negative reactions from others.
• Use of social skills (firm handshake, good eye contact, 

smiling, and nodding).

Callahan describes the paradox that the injured bodily 
part is the same tool needed for reintegration of the sense of 
self [79].

Candidates may have some anxiety, depression, and social 
anxiety, especially if prior reconstructive surgeries have 
failed. Patients may have minor residual symptoms of PTSD 
that need to be treated to help patients tolerate interventions 
without severe exacerbation and to assist sleep. Depression 
or anxiety compromising functioning should be treated prior 
to listing for transplantation.

Patients often have undergone multiple surgical proce-
dures in attempts to ameliorate disfigurement, and this is not 
necessarily a contraindication to FT. However, this may limit 
options for rescue procedures due to loss of skin suitable for 
grafting.

Girotto et al. noted many chronic sequelae after complex 
facial fractures, and these symptoms are often seen in face 
transplant candidates with facial disfigurement [80]. These 
include painful dentition, chronic headache, facial numbness 
or pain, shifting orofacial structures, diplopia or decreased 
vision, mastication problems or drooling, epiphora (uncon-
trolled watering eyes), anosmia or change in olfactory and 
gustatory sensation, chronic pain disorder related to the ini-
tial injury, and/or subsequent and reconstructive surgeries 
requiring large amounts of opioids for pain management.

At this time creating composite structures, such as the 
nose, eyelids, and lips, is beyond the scope of surgical inter-
ventions, though some envision applications of selective tis-
sue engineering in vitro for craniofacial regeneration [81].

Lack of confidence in social situations may not be an abso-
lute contraindication to face transplant. Social confidence 
may vary based on the time since injury and with the type of 
social situation. Patients with facial disfigurement often per-
ceive reactions from the public ranging from avoidance, fear, 
revulsion, or staring to physical or verbal abuse [82–84].

We must be cautious about raising false hopes in potential 
candidates and continue to provide compassionate psycho-
logical support to those who are not deemed to be suitable 
candidates for FT [63]. Many candidates may be evaluated in 
order to find several that are suitable, ranging from 30% to 
50% acceptance rate in adults, based on surgical, medical, 
and psychiatric factors [63, 85].

 Pediatric Face Transplantation

A recent article by Marchac et al. raised the ethical issue of 
whether FT should be done in children [86]. Upon screening 
for inclusion criteria, including age under 18 years old and 

severe facial disfigurement due to burns, malformation, neu-
rofibromatosis, trauma, or vascular malformation, 12 candi-
dates were identified. Candidates that did not have complete 
destruction of the orbicularis oris muscle or orbicularis oculi, 
along with a large central facial defect, or who had poor 
parental support or insurance problems were excluded, leav-
ing three potential candidates. These children had diagnoses 
including third-degree burn of the entire face, Sturge-Weber 
syndrome, and neurofibromatosis type 1 with problems with 
breathing, feeding, and speech. When screening was 
extended, only 7 of 25 candidates were deemed psychologi-
cally stable enough to proceed. Growth of the facial graft is 
a specific issue, though nerve growth is faster in children 
than adults. Adherence with immunosuppression is a poten-
tial area of concern in children, particularly with adolescents. 
No ethical barriers to FT in children were found by this team.

Psychological screening tools suggested for children and 
adolescents included:

• Coping Strategies Inventory
• Parent Medication Barrier Scale
• Adolescent Medication Barrier Scale
• Parental Coping Strategies Inventory
• Body Image Disturbance Questionnaire
• Perceived Stigmatization Questionnaire
• Youth Quality of Life-Facial Differences Model
• Multidimensional Scale of Perceived Social Support

The expectations of the child and parents must be realis-
tic. The patient’s issues regarding QOL, body image, coping, 
and adherence are important areas to explore. The parents 
must be aware of the need for adherence in preventing acute 
and chronic rejection and be educated to monitor the facial 
graft for signs of infection or rejection. Clearly parents must 
consent for the child, but the child’s assent is necessary for 
continuing long-term cooperation, and chronological age 
may not reflect maturity. Considerations for the donor family 
are also addressed including making an acrylic mask molded 
from the donor’s face for restoring the appearance of the 
donor [87]. Marchac et al. mention the future possibility of 
3-D printing to make a donor face mask, as this was recently 
done in Finland for their first facial transplant [86].

 Psychological Tasks in Adjusting to Face 
Transplantation

The face is intimately connected with our identity and sense 
of individuality. In an ancient Persian poem, Attar observed, 
“You can never see your own face, only a reflection, not the 
face itself” [88].

Contemporary authors surmised that “wearing another 
person’s face may raise complex issues of identity.” [89] 
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Having a new face restores the person’s ability to move in 
society inconspicuously, without comments and questions 
from others about their visual difference. Symbolic interac-
tion theory hypothesized that people form identity and self- 
esteem through interpreting how others behave toward them 
[90, 91]. This was observed to be true in our first Cleveland 
Clinic FT recipient who was legally blind. She learned that 
her appearance was now acceptable by the comments from 
her daughter, who thought they looked more alike after the 
FT [92].

Every organ transplant recipient has the psychological 
task of incorporating the new organ. Muslin theorized in the 
1970s that the transplant recipient may go through several 
steps to incorporate the organ including:

 1. Perceiving the organ as a foreign object.
 2. Perceiving the organ and donor as transitional objects.
 3. Perceiving the organ as a personal belonging.
 4. Letting go of the donor as a transitional object.
 5. Integrating the organ into the recipient’s self-schema.

D.W.  Winnicott’s transitional model described the psy-
chological process in childhood where the child adopts a 
transitional object for comfort when a parent is absent. 
Recipients sometimes idealize the donor as a protective 
parental or god-like rescuing figure, identify with or project 
onto the donor as in a twin-ship relationship (good or evil 
twin), or may view the donor as a persecutor if the patient 
has had conflictual relationships with family members. 
Patients may communicate with the donor through magical 
thinking via thought transference as a defense against fears. 
Goetzmann theorized if the recipient continues to use the 
donor or organ as transitional objects, this may delay social 
and professional reintegration [91].

The first partial FT recipient in France confirmed some of 
these ideas in interviews, indicating that incorporating the 
face of her donor was challenging. She grieved both the 
death of her donor and the loss of her former appearance. 
She stated, “I used to think of her every day and ‘talk’ to 
her.” She noted the differences between her original face and 
her donor’s face. She thought if she could watch the film of 
the donor’s face being removed and grafted onto her own 
face, then she could say goodbye to her donor. She expressed 
identification with the donor as well, calling her “a twin sis-
ter” since her donor had committed suicide. She had expected 
to look more like she did before her injury. She felt guilty 
that she was given so much after having done a “stupid 
thing.” She also observed after being kissed on the cheeks by 
a clerk who recognized her that she was no longer thought of 
“as a victim of the plague.” [93]

What was not anticipated was that the adjustment for 
those with facial injuries from their normal visage to a disfig-
ured face is a much greater adjustment than adjusting to a 

new face after transplantation. For those with congenital dif-
ferences such as neurofibromatosis, this also appears to be 
true, as the FT allows them to pass unnoticed in society. As 
stated in a recent article, FT is “unlikely to make people 
‘beautiful’; rather it will make them look normal and forget-
table.” [94]

 Tools for Psychological Assessment 
and Psychological Outcomes in Face 
Transplant Candidates

Many FT teams have not quantitatively investigated body 
image, mood changes, perception of teasing, QOL, self- 
esteem, or social reintegration. There is a significant void in 
rating scales and instruments specific for psychiatric assess-
ment and applicability to FT.  Several rating scales were 
modified specifically for FT, such as the Perception of 
Teasing-FACES and the Physical Appearance State and Trait 
Anxiety Scale (PASTAS).

In view of the etiologies of facial disfigurement, including 
ballistic injuries, burns, congenital issues, and cancer and the 
many facial surgeries done prior to FT evaluation, the inci-
dence of PTSD disorder may be high in FT candidates. In 
anticipation of future candidates, a review of PTSD instru-
ments may prove useful. Generally a trade-off must be made 
between the best instrument and the most practical and time- 
efficient instrument clinically.

For initial screening for the presence of PTSD, the 10-item 
Trauma Screening Questionnaire may be superior to several 
other screening measures, including the PTSD Checklist 
[95], the Posttraumatic Stress Diagnostic Scale [96], the 
Davidson Trauma Scale [97], the 4-item SPAN [98], and the 
BPTSD-6 [99].

For screening purposes, documenting severity of symp-
toms and tracking all the DSM-IV-based criteria in an effi-
cient way, the self-rated Posttraumatic Stress Diagnostic 
Scale (PDS) may suffice. This 49-item scale can be adminis-
tered in 10–15 minutes, correlates with the Beck Depression 
Inventory (BDI) and State-Trait Anxiety Inventory, and has 
good reliability and validity [96].

Another measure that assesses DSM-IV criteria for 
PTSD that can be used for tracking changes in symptom 
severity is the Davidson Trauma Scale, containing 17 
items. This rating scale has good test-retest reliability, 
shows a high correlation with other PTSD measures, and is 
not confounded by extroversion/introversion personality 
traits [97].

The Clinician-Administered PTSD Scale (CAPS-1) takes 
about 45  min to administer, provides a multidimensional 
view of the severity of PTSD, corresponds to established 
DSM-IV diagnostic criteria, delineates both current and 
lifetime diagnostic time frames for those with history of 
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multiple traumatic events, has high sensitivity and specific-
ity, and is a reliable and valid instrument [100].

Other instruments frequently used with PTSD patients 
include the Impact of Event Scale, the Mississippi Scale, and 
the Minnesota Multiphasic Personality Inventory PTSD 
Scale (MMPI-PTSD) – all of which may be used for screen-
ing for baseline symptoms, but none are diagnostic measures 
or useful for measuring treatment outcomes.

A recent review of quality of life after FT by Aycart et al. 
indicated that 11 of the 17 articles were descriptive, and only 
4 centers reported data, with 1 study of 8 patients using pro-
spective, systematic assessments with validated instruments 
[101]. The measures used to evaluate QOL and psychologi-
cal variables greatly varied between the studies. Overall, of 
the 39 FT recipients, the quality of life outcomes have been 
published on only 14 patients in peer-reviewed literature. 
Considering that increasing the number of quality of life 
years is the rationale for FT, gathering more reliable quanti-
tative data may be essential to determine the risk-benefit 
ratio for FT recipients [101].

Lantieri et  al. published results of a prospective open 
study for six FT recipients, demonstrating that SF-36 scores 
were improved for all patients when comparing pre- 
transplant QOL to 2.5–8 years post-transplant for both phys-
ical and mental components [49]. However, patients with 
self-inflicted GSW reported less improvement than those 
with neurofibromatosis type 1. Lantieri et  al. showed 
improvement in three patients on the Derriford Appearance 
Scale-59 and general improvement for these three patients 
on the University of Washington Head and Neck Disease- 
Specific questionnaire and Performance Status Scale for 
Head and Neck Cancer. Of the first five patients, data was 
omitted for two, as one died and the other decided to opt out 
of FT. One patient committed suicide by GSW at year 4 after 
FT [49]. This experience led the team to reconsider offering 
FT to patients with self-inflicted GSW.

Of note, although many surgeons may subscribe to the 
idea that all patients with self-inflicted GSW to the face will 
ultimately take their life in this way, evidence disputes this 
myth. Runeson et  al. reviewed 48,649 patients treated for 
attempted suicide to see how many later successfully com-
pleted suicide and whether they used the same method [102]. 
Those who attempted via hanging were the most likely to 
commit suicide later by that method, 53.9% of men and 
56.6% of women. Those who attempted suicide via firearm 
or explosive were less likely to complete suicide with that 
method later, 34.5% of men and 7.5% of women. Overall, 
only 11.8% of those that attempted suicide later completed 
suicide over 21–31 years follow-up [102].

To explore and demonstrate an example of the patient’s 
psychological course post-FT, Coffman et al. did assessments 
every 3 months for 3 years, then every 6 months thereafter on 
the first FT recipient in Cleveland in 2008 [103]. The SF-36, 

Rosenberg Self-Esteem Scale and Spielberger State- Trait 
Anxiety Inventory did not show much change over time for 
the first FT recipient. Her scores on Psychosocial Adjustment 
to Illness Scale-self-rated showed steady improvement after 
transplant in social integration and psychological distress for 
the first 3 years. The FACES- Perception of Teasing Scale, a 
single-center-derived instrument based on the original 
Perception of Teasing Scale, showed that verbal abuse in pub-
lic diminished to nearly nonexistent over the first 3 years and 
that she was less bothered by the reactions she received in 
public. The Physical Appearance State, Trait Anxiety Scale, 
and Facial Anxiety Scale-State showed an increase in concern 
over weight gain in the first 3 months due to steroids and less 
anxiety about the face.

The patient’s BDI score declined from 16 to 6 by 
3 months post-FT while on escitalopram [103]. At the end of 
2009, the BDI score was 14, reflecting CMV infection and 
challenges at home. However, in 3 months, the patient did 
not report any symptoms of depression on escitalopram 
40 mg daily. On the PAIS-SR, the patient rated changes in 
her appearance that made her less attractive before trans-
plant as “extremely,” while after transplant she rated this as 
“a little bit.” PAIS-SR psychological distress rose at 
3 months post-transplant, then fell markedly over the next 
4  months, until CMV infection caused extreme fatigue. 
Once she received a new medication and fatigue lifted, the 
psychological distress improved again. Although the SF-36 
and WHOQOL-BREF were utilized, the PAIS-SR was more 
useful in reflecting social reintegration and psychological 
distress and other domains such as sexual functioning and 
attitudes toward health care [103].

Chang and Pomahac assessed three FT recipients at base-
line, 3 and 6  months post-transplant, noting that physical 
QOL declined during the first 3 months, then improved on 
the Short Form-12 [104]. Mental health of all three patients 
also improved on SF-12 at 6 months. Two patients reported 
high scores on EuroQoL five-dimension scale [EuroQoL-5D] 
physical function during the time period, but the third 
patient’s physical functioning declined during the 6 months 
after FT.  Two patients showed an improvement in their 
romantic relationships on the Dyadic Adjustment Scale, 
while the other was not in a partnered relationship [104].

For the two groups that used The Facial Disability Index, 
there was no preoperative data. Diaz-Siso reported steady 
improvement in scores over 2–3 years post-transplant, and 
Fischer had only one score at a single time point for one 
patient at 1 year, three patients at 2.5 years, and one patient 
at 5 years [105, 106].

Lemmens et  al. used many rating scales and showed 
that the patient’s health-related QOL improved after FT 
but then declined more than mental QOL at 15  months. 
The Mini-International Neuropsychiatric Interview at 
15  months showed lifetime depressive disorder as before 
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the FT and no current depressive symptoms. This decline in 
physical QOL was attributed to medical complications that 
resulted from his medications. He showed improvement in 
resilience, affective responsiveness, and disease benefits, 
but his marital support and depth of the partnership bond 
decreased at 15 months [107].

 Conclusions
Face transplantation offers a last resort intervention for 
patients with severe facial disfigurement. FT is not a life-
saving but life-enhancing procedure, aimed at improving 
QOL and functionality. FT appears to decrease depres-
sion and verbal abuse patients experience in public and 
improve QOL and societal reintegration, though it may 
not alter anxiety, self-esteem, or sexual functioning. In 
terms of psychological monitoring, the PAIS-SR may 
have advantages over the SF-36 and WHOQOL-BREF 
rating scales for measuring psychological distress and 
social reintegration in this patient population. At present, 
UNOS is trying to collect SF-36 data from pre- and post-
transplant on FT recipients to demonstrate QOL outcomes 
for this surgery motivated by improvement in quality of 
life. More systematic data should be collected to further 
examine whether the long-term physical and psychologi-
cal outcomes of facial transplantation outweigh the risks 
of ongoing immunosuppression.
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Psychological and Psychosocial Aspects 
of Limb Transplantation

Martin Kumnig and Sheila G. Jowsey-Gregoire

 Introduction

 Vascularized Composite Allotransplantation 
Versus Solid Organ Transplantation

Solid organ transplantation (SOT) and vascularized com-
posite allotransplantation (VCA) share a common history 
related to the combination of surgical and microsurgical 
challenges and a complex multidisciplinary care model [1, 
2]. However, the technical demands of and psychosocial 
issues unique to VCA make VCA different from SOT [3]. 
The most notable difference between these two fields of 
transplantation is the visible nature of the VCA allograft [4, 
5], which impacts the patients’ self-image, ideas regarding 
the allograft, and psychological reaction to the allograft [6]. 
In addition to the challenge of accepting the allograft(s), 
VCA patients have had to cope with likely traumatic reac-
tions to limb loss [3, 7, 8].

This chapter will focus on the psychosocial challenges in 
limb transplantation, including the psychosocial domains of 
the comprehensive pre- and post-transplant psychosocial eval-
uation of limb transplant patients, including the factors impor-
tant in determining patients’ eligibility for transplantation [9, 
10]. Patient’s motivation for limb transplantation can emerge 
from a variety of concerns, including functional and occupa-
tional limitations, body image concerns, the desire to have the 
sensation of touch, and restoration of bodily integrity. Thus, 
assessing motivation is a complex task in patients who are not 
medically ill and not requiring transplantation for life-saving 

purposes [3]. Several psychosocial and medical risk factors 
place limb transplant patients at higher risk for nonadherence 
and negative medical and/or psychological outcomes (e.g., 
developing depressive symptoms, post- traumatic stress disor-
der (PTSD), etc.) [11]. The most important development for 
the field is an emerging recognition that the pre- and post-
transplantation psychosocial evaluation and treatment are an 
integral part of any transplant VCA program and that the iden-
tification of at-risk patients and those requiring ongoing coun-
seling is a primary focus of the psychological evaluation [5].

 Restorative Options for Patients  
with Limb Loss

The developments over the past 70 years in the fields of sur-
gery and rehabilitation have enabled two different options 
for patients who have suffered limb loss: limb transplanta-
tion and prosthetic limbs [12]. Patients typically require limb 
transplantation due to traumatic injuries that occur in occu-
pation settings, military engagements, motor vehicle, and 
other accidents. Some patients present with limb loss in the 
setting of sepsis or vascular malformations. The level of limb 
loss is significant for the recovery process, because nerve 
regeneration typically occurs at a rate of one inch per month 
resulting in particularly lengthy rehabilitation. Limb trans-
plantation has the unique potential to not only restore motor 
skills but also to allow the return of sensation and restoration 
of bodily integrity [13]. Nevertheless, the impact of lifelong 
immunosuppression cannot be overstated, requiring medical 
teams and the patient to carefully weigh the potential bene-
fits and risks [14–17]. Conversely, prostheses offer the poten-
tial to restore hand function without the risk of 
immunosuppression [18]. Myoelectric prostheses have 
increasingly advanced ergonomic and functional features 
[12]. Because there is no additional surgery needed and 
patients can return to near normal life, prosthetic fitting with 
 myoelectric devices is the standard of care in below-elbow 
amputees [18]. Despite these advantages, abandonment of 
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the prosthetic device occurs in about 20% of patients due to 
the inherent challenges of prosthetic use, including discom-
fort at the stump region, lack of functional benefit, excessive 
weight, lack of sensory feedback, and the need for the pros-
thesis to be serviced regularly [19].

Although the need for studies to analyze the functional 
and psychosocial differences between limb transplantation 
and prosthetic limbs has been noted [20–24], to date there is 
only one multicenter cohort study comparing the functional 
and quality of life (QOL) outcomes of patients who have 
undergone limb transplantation or prosthetic fitting [18]. 
While previous reports noted that limb transplants were 
superior to prostheses without adequately directly compar-
ing the functional or psychosocial outcomes of both meth-
ods, this study showed that there were no significant 
differences when only motor function was considered. For 
most activities of daily living (ADL), both limb transplanta-
tion and prosthetic fitting provide reliable and sufficient hand 
function [18]. The functional results seem to be sustained 
with regular therapy to maintain the achieved capacities [25, 
26]. However, in assessing the sensory capacity of the hand 
and perceived QOL, transplanted hands were far superior 
compared to prosthesis.

Research clearly shows that, given the lower risks associ-
ated with a prosthesis, the use of a prosthesis should remain 
the standard treatment for upper limp amputees, especially in 
unilateral cases [12, 18]. Additionally, the cost of each recon-
structive procedure must be considered in the decision- 
making process. Cost-utility analyses that considered 
different financial factors, including surgical costs, inpatient 
treatment, hand therapy, outpatient visits, immunosuppres-
sion, and time-out of employment, have shown that pros-
thetic devices provide a reliable but less expensive treatment 
[27–29].

Limb transplantation and prosthetic fitting will continue 
to evolve. Interesting developments include possible induc-
tion of donor-specific tolerance for VCA versus new pattern- 
recognition control algorithms for prosthesis providing 
sensation and tactile feedback. Further research will be 
needed to reassess the advantages and disadvantages of both 
treatment options, including direct comparisons of specific 
amputation levels and potential functional, sensory, and 
esthetic advantages for each option [18].

 Brief History and Medical Course

The concept of limb transplantation has evolved over time 
with attempts to transplant a limb occurring over a thousand 
years ago [2, 30, 31]. The Legend of the Black Leg (Leggenda 
Aurea) describes twins Cosmos and Damian, who trans-
planted the leg of a man with another man’s limb in 348 AD 

[32] (also see Chap. 8). Gaspare Tagliacozzi transplanted a 
nose from a slave to his master [33]. Other descriptions of 
tissue transplants were periodically reported including 
Bunger [34] transplanting a sheepskin and Carrel [35] who 
described attachment of an artery from a father to the leg of 
his infant suffering from intestinal bleeding [36]. Guthrie 
[37] experimented with dogs to transplant the head from one 
dog onto another. None of these efforts could surmount the 
challenges of rejection despite some degree of surgical 
innovation [38]. Medawar and colleagues [39] ultimately 
established the causes of rejection which led to the develop-
ment of modern transplant immunology [30, 40]. Earle 
E.  Peacock [41, 42] created the term composite tissue 
allograft in 1957, and the first limb transplant was per-
formed in 1964 by Robert Gilbert [43] in Ecuador. 
Unfortunately, the graft had to be amputated 3 weeks later 
due to acute rejection. With this first early failure of limb 
transplantation, the field of VCA received no further sub-
stantive scientific efforts for most of the next three decades. 
Meanwhile immunosuppressive drug therapy innovations 
facilitated the success of SOT [2, 30].

Limb transplantation entered the current era in 1998 with 
pioneering work by Jean-Michel Dubernard [44–46] in 
Lyon, in 1999 Warren Breidenbach [47] in Louisville, and in 
2000 Raimund Margreiter in Innsbruck [48], who performed 
successful limb transplants [31]. From 1998 to 2015, a total 
of 73 limb have been transplanted with 23 unilateral and 25 
bilateral transplants, in a total of 48 patients [17]. VCA con-
tinues to grow as a field, although funding for this complex 
form of transplantation continues to be a barrier to the large- 
scale adoption of VCA. A number of transplant centers glob-
ally have created specific VCA programs [49]. Limited 
psychosocial research exists despite the years of experience 
with limb transplant [3].

 Selection of Limb Transplant Candidates

VCA is a surgical procedure with the goals to regain lim-
ited or lost limb function and to improve patients’ QOL, 
psychological well-being, and ADLs. The visible nature of 
the graft strikingly changes the transplant experience for 
limb transplant patients [4, 49]. Because limb loss is not a 
life- threatening illness, psychosocial factors become more 
important in the patients’ motivation for improved func-
tional outcomes, occupational attainment, improved body 
image and restoration of touch, and balanced against the 
risks of immunosuppression [3, 5, 15, 50]. The assessment 
of the patients’ desire for limb transplantation is a psycho-
logically complex process and warrants a VCA specific 
psychosocial evaluation protocol fully addressing these 
issues [16].
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 Psychosocial Domains of the Evaluation

Standardized evaluation guidelines and a shared research 
approach have not been developed yet [3–5, 13, 15, 16, 45, 
47–67]. Recent efforts to attempt to address this deficiency 
are noted in the literature [49]. Although a variety of psycho-
social evaluation protocols are used by transplant centers 
worldwide, specific psychosocial domains have emerged as 
important and predictive [3, 68–75]. As with any clinical 
psychological assessment in transplantation medicine, the 
assessment of limb transplant candidates has to include an 
understanding of the patient’s prior psychiatric history (e.g., 
DSM-V diagnoses, associated prior treatments), substance 
use/abuse, health behaviors, prior history of coping and 
stress management, and mental status examination [5].

 Adherence
Because of the need for lifelong adherence to immunosup-
pression and physical rehabilitation therapy [76], the 
patients’ history of adherence is an important domain in pre-
transplant screening, and adherence will need to be addressed 
in post-transplant follow-up visits [3, 15, 49, 50]. 
Nonadherence postoperatively is predicted by pre-transplant 
nonadherence [77]. According to the theory of planned 
behavior, premorbid psychiatric status, current psychologi-
cal state (e.g., high anxiety/depression), level of social sup-
port, and substance use history may be helpful in predicting 
pre- and post-transplant adherence [78, 79]. The International 
Registry on Hand and Composite Tissue Transplantation 
(IRHCTT) has reported that nonadherence has consistently 
been associated with rejection episodes, graft loss, and death 
[17]. These data highlight the need for careful patient selec-
tion to ensure that proper adherence to medication and treat-
ment regimens occurs [3, 80].

 Understanding of Motivation and Expectations
One of the major consequences of VCA is post-transplant 
immunosuppression as well as long-term physical rehabilita-
tion therapy, necessitating the need to assess the patients’ 
decision-making process to elicit their understanding of 
these requirements [81]. Decision-making can be especially 
stressful for patients when the surgical outcome is uncertain 
and when alternative treatment options are available [82]. 
Patients have different risk thresholds which contribute to 
their decision-making about how much risk they are willing 
to accept for improved function or esthetic restoration [83–
88]. Thus, the evaluator must address all relevant psychoso-
cial aspects of limb transplantation, including the assessment 
of patients’ decision-making abilities [89].

The psychosocial evaluation should clarify if the patients 
have realistic expectations about the potential post-transplant 
functional and esthetic outcomes [3, 5, 15, 49, 50]. Otherwise, 

this could lead to a mismatch between patients’ and surgical 
team’s expectation about the outcome [82]. Similarly, 
although a patient might perceive an improvement of a par-
ticular body feature following the surgery, this may not have 
a corresponding impact on overall perception of body image 
(e.g., the allograft is perceived as foreign body with missing 
integration in the patients’ self−/body concept) [90]. 
Therefore, the preparation for limb transplantation involves 
the careful assessment of patients’ expectations, potential 
hand fantasies (e.g., about the donor and the actions have 
been performed by the deceased donor, etc.), and challeng-
ing unrealistic expectations (e.g., playing the piano as the 
patient used before traumatic hand loss, working in a horse 
breeding farm, being able to repair all parts of a motorcycle, 
etc.) [5].

Patients suffering from hand loss struggle with a variety 
of impairments in their daily living. Similar to chronically ill 
patients, their life is dominated by the medical experience, 
and their ADLs are limited [91]. Family/social support is 
essential to assist patients in their ADLs, which helps to nor-
malize their life. Diverse psychosocial stressors such as loss 
of self-concept and self-esteem, and a feeling of uncertainty 
about the future [92], negatively affect patients’ social, finan-
cial, and psychological well-being [93–95]. Most patients, 
especially those with bilateral limb transplantation, report 
their limited independence with ADLs as their primary 
motive for elective surgery [3]. Patients hope to significantly 
improve their QOL and ability to perform higher level of 
ADLs after limb transplantation, and most patients demon-
strate a high degree of satisfaction with their postoperative 
outcome [13]. Overall health improvement, including 
improved QOL, has been reported after successful limb 
transplantation [92, 96–98], while post-transplant side 
effects and complications have been noted to respond to 
treatment protocols [99, 100]. In most cases, the patients’ 
decision to undergo limb transplantation or prosthetic fitting 
depends more on how the treatment will fit into the patients’ 
life, rather than on clinical indicators [101–104]. Thus, the 
successful outcome of limb transplantation appears to be 
highly dependent on the motivation and reasonable expecta-
tions of the patients [102].

 Social Support
The transplant psychosocial assessment should determine 
family/social support before and after limb transplanta-
tion. The evaluation protocol should address the presence 
or absence of conflicted family relationships and also 
anticipate stress for the family that may come from intru-
sive media attention which has been reported in a number 
of cases [5]. Consideration of potential negative develop-
ments in the course of transplantation as well as improve-
ments in QOL and ADLs will impact close family members. 
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Patients typically will experience an initial decrease in 
function, and caregivers will need to prepare for increased 
caregiver demands to assist with instrumental tasks of 
daily living while potentially also carrying a heavier bur-
den of caring for children and maintaining employment 
[3]. During the ongoing post-transplant physical and occu-
pational rehabilitation, family/social support is especially 
important [105, 106].

 Body Image Issues
Additionally, limb transplantation, even when technically 
successful, is not a treatment to resolve long-standing body 
image disorders [81]. Visible grafts could adversely affect 
the patients’ sense of themselves as an integrated whole, 
leading to rejection of the graft as undesirable [4, 7, 49, 
107]. Psychological and social well-being will be influ-
enced by disturbed body image due to limb loss that may 
associate with a range of concealing behaviors (e.g., neglect 
of personal hygiene such as cutting nails, etc.) in response 
to negative self-evaluation [79, 108–110]. Several cases 
have demonstrated the importance of the successful psy-
chological integration of the allograft for post-transplant 
outcomes. Notably, patients must accept a new graft while 
adapting their loss of a part of their body that was unique to 
them [8]. This requires alterations in their sense of who 
they are, how the graft fits in with their body, and ultimately 
acceptance of the allograft as part of themselves [6]. Hence, 
body image issues need to be addressed and can provide 
information regarding the patients’ self−/body concept and 
help to determine if successful integration of the graft can 
be expected [111]. Assessment of the families’ expecta-
tions about limb transplantation (e.g., “Will I be able to 
accept my husband touching me with his new hands?”) will 
be critical also. Ultimately, if the pre-transplant psychoso-
cial assessment reveals a disordered body image or signifi-
cant body image issues related to limb transplantation, 
proactive psychosocial interventions should be considered 
to assist the patients with their self-concept or body image 
processing [51].

 Psychological Reactions
Another important area to assess is the patient’s potential 
reaction to the initial traumatic event leading to disfigure-
ment, loss of function, or in most cases to the loss of the limb 
(amputation) [4, 112–115]. The pre- and post-transplant psy-
chosocial assessment should evaluate for PTSD resulting 
from the traumatic hand loss or after limb transplantation [3, 
5, 15, 50]. Additionally, it is widely accepted that several 
psychosocial and medical risk factors, including exposure to 
immunosuppressive agents and lengthy recoveries leading to 
disruption of usual routines and employment, place trans-
plant patients at higher risk for the development of depres-
sive symptoms, anxiety, or regression [11].

 Psychosocial Contraindications

Neuroplasticity, the human brain’s ability to recognize itself 
by forming new neural connections throughout life, allows 
most VCA patients to adapt to major changes in their body 
and lives. Absolute psychosocial barriers are relatively 
uncommon in limb transplantation. Instead, we should focus 
on relative contraindications that require comprehensive 
evaluation. Furthermore, the psychosocial evaluation should 
identify potential vulnerabilities stemming from the patients’ 
psychosocial risks that will necessitate supportive treatment. 
A number of modifiable risk factors for potential poor out-
come can be treated prior to transplant and produce a mean-
ingful remission of symptoms (e.g., anxiety or affective 
disorder). Chronic psychiatric conditions (e.g., schizophre-
nia, personality disorders, substance use disorders, etc.) may 
be more challenging, but careful evaluation and intensifica-
tion of treatment may lead to well-selected patients achiev-
ing good outcomes. A one-time evaluation may be insufficient 
to assess severe chronic conditions. Decisions should be 
based on a comprehensive interdisciplinary evidence-based 
evaluation. In general, decisions for rejecting or accepting a 
limb candidate should be made on a “case-by-case basis” 
(e.g., evaluation of the individual psychosocial history, with 
collateral history from the spouse or significant other). Use 
of psychometric instruments may be helpful, but they do not 
predict outcomes. Another way to assess psychological con-
traindications is to consider the following questions:

• Is the limb transplant patient sufficiently emotionally sta-
ble to cope with stresses which may come up before, dur-
ing, and after transplantation?

• What is the potential for the development of somatization 
symptoms that could result in high medical resource utili-
zation, prolonged disability, chronic pain, attention seek-
ing, or other secondary gain as a result of undergoing an 
elective surgery?

• What is the motivation for undergoing limb transplanta-
tion, and are the patient’s functional and esthetic expecta-
tions realistic?

• Is the patient prepared to handle the medical complica-
tions that she/he might experience?

 Pain Related to Amputation and Phantom 
Limb Pain

Assessment for chronic pain issues and exposure to opioid 
medications are important since a number of these patients 
may have phantom limb pain which may persist after trans-
plantation. Fortunately, only a small number of patients are 
suffering from post-transplant phantom pain. Somatosensory 
cortical reorganization helps to immediately recognize the 
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transplanted limb [116]. Consideration of pain rehabilitation 
approaches and non-opioid strategies is important since the 
patients could be at risk of opioid dependence which would 
complicate their recovery due to rebound pain, drug-seeking 
behavior, and possible cognitive effects.

 Risk-Benefit Considerations

The risk-benefit ratio for limb transplantation is quite differ-
ent than SOT, where the risks are offset by the life-saving 
nature of the procedure [3, 49, 67]. Limb transplant patients 
may overestimate the benefits of the procedure while not 
fully acknowledging the surgical risk, the demanding post-
transplant medication regimen, and long-term rehabilitation 
[3, 83–85, 88, 91]. The lengthy rehabilitation with little ini-
tial functional or sensory improvement and consequences of 
nonspecific immunosuppression [88, 117] may lead to 
demoralization and nonadherence resulting in compromised 
outcomes [118]. In addition, subjective QOL outcomes must 
be weighed against the surgical procedure with medical risks 
[67, 86]. Thus, relevant QOL factors, including functional 
improvement, sense of identity, and risk tolerance for a non-
life-saving procedure [88], contribute to risk-versus-benefit 
decisions which need to be grounded in a personal frame of 
reference [83–87].

Although immunoregulatory protocols continue to be 
developed with reduced toxicity [119], limb transplant 
patients face potential episodes of acute rejection [120] and 
immunosuppression-related complications. According to the 
data of the IRHCTT, the rejection rates of limb and face 
transplantations are about 85% in the first post-transplant 
year, and three recipients have died [17, 121]. Seven hand 
grafts were lost due to rejection in China [17, 122], and a 
similar number have been lost to rejection and other compli-
cations in European and American experience [17, 121–124]. 
Although rejection was often detected and treated without 
loss of graft, chronic allograft rejection is still the primary 
cause of long-term allograft failure [17, 120–122].

Immunosuppression-related complications are frequent 
but often reversed with proper medical treatment [121, 122]. 
Long-term side effects of immunosuppressive treatment 
include infection, metabolic derangements [9, 99, 125, 126], 
toxicity [99, 100, 127, 128], and cancer [9, 99, 100, 127–
129]. The psychological status of limb transplant patients 
may be influenced by long-term side effects of immunosup-
pression. Effects of rejection episodes and delayed function 
or difficulties with the rehabilitation may cause anxiety and 
depression that can impact patients’ adherence and require 
supportive treatment.

In summary, patients have different risk thresholds which 
contribute to their decision-making about how much risk 
they are willing to accept for improved function [83–87] 

and QOL [88]. The risk versus benefit decisions have to be 
judged on wider criteria that must include all relevant psy-
chosocial aspects of limb transplantation [89], necessitating 
rigorous patient selection and ongoing adherence assess-
ment [80].

 Tools for the Psychosocial Evaluation

 Psychometric Screening
An overview of the different psychometric screening proto-
cols in limb transplantation by Kumnig et al. [49] summa-
rizes the various protocols and associated instruments 
previously reported. Practitioners may employ a variety of 
psychometric instruments to complement their clinical eval-
uation, and the use of psychometric instruments has been 
reported in about half of the published cases with variability 
in instruments used [49]. The weight which the instruments 
carry in their clinical decision-making is also variable. There 
is no international consensus on which instruments to use 
[49, 51].

The Chauvet research group, a multidisciplinary, interna-
tional group focusing on VCA psychosocial evaluation and 
research, has convened two meetings to explore standardiza-
tion of the VCA assessment and follow-up care [3]. Creating 
a screening instrument customized for these patients is a goal 
for the field [49, 130]. This collaborative approach is just a 
starting place for better understanding VCA patients, and 
this initiative hopefully will advance with the participation 
from multiple centers culminating in VCA-specific instru-
ments not currently in existence [51].

In addition, the Chauvet research group compiled a list of 
validated psychometric instruments used by transplant cen-
ters to assess the following psychosocial domains [16] (see 
Table 35.1).

 Interview Guidelines and Qualitative Assessment 
Procedures
International consensus exists for the primary importance of 
the clinical interview in the psychosocial assessment of limb 
transplant patients [15, 16]. A structured clinical interview 
ensures the evaluation of key psychosocial domains in limb 
transplantation [5] and identification of patients who most 
likely will comply with the rigorous pre- and post-transplant 
course [5]. It also facilitates the investigation of psychosocial 
factors in limb transplantation [156, 157].

Kumnig and colleagues [49] review the different inter-
view protocols and qualitative research strategies used in 
assessing patients undergoing limb transplantation. In this 
report, a diagnostic clinical interview was part of the psycho-
social assessment in 11 published papers. Additionally, other 
papers describe the use of the diagnostic interview and com-
plementary psychometric testing as part of the psychosocial 
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assessment [158, 159]. A limited number of transplant cen-
ters use projective testing, including the Rorschach and the 
Thematic Apperception Test or the Draw-A-Person test 
[160]. Overall, most pre-transplant assessments and post-
transplant progress are primarily evaluated by clinical obser-
vations and interviews [49].

 Technical/Anatomic Issues

 Unilateral Versus Bilateral
In addition to psychosocial factors that motivate patients to 
undergo limb transplantation, technical/anatomic issues, 
including bilateral or unilateral impairment and native or 
accidental loss of limb, may influence patients’ decision- 
making process [5]. Patients with unilateral limb loss gener-
ally report difficulties with coping and psychological burden 
as a primary motivation for transplantation, as opposed to 

bilateral amputees who are motivated by the need for 
increased function. Additionally, unilateral amputees are 
more risk-adverse group possibly because they must balance 
the transplant risks against the more limited functional ben-
efits to be derived from an additional transplanted hand [87]. 
The risk threshold changes substantially in cases of bilateral 
hand amputees who experience significantly greater func-
tional limitations and may be willing to accept the risk of 
rejection which is offset by the potential for significantly 
enhanced independence [3, 87]. Post-transplant, recipients 
of unilateral limb transplant report more difficulties with 
coping and psychosocial issues, compared to bilateral ampu-
tees. In cases of bilateral amputees, all sensory feedback has 
been lost for these patients, so it may not be sufficient to 
replace motor skills with a prosthesis; thus the benefit of 
restoring sensation and functional improvement may out-
weigh the risk of lifelong immunosuppression [18].

The transplant team needs to be attuned to the signifi-
cance of the loss of function and expectations for improve-
ment to offset risks from the transplant regimen [119, 122]. 
In addition, peer education between transplantation candi-
dates and patients who have already undergone unilateral 
versus bilateral limb transplantation is important to help the 
candidates in their decision-making process [5, 161, 162].

 Recent Injury Versus Chronic Impairment
When assessing patients for limb transplantation, several 
issues are unique, for example, differentiating between 
patients with recent injury and limb loss versus patients with 
chronic impairment (congenital hand loss or those who may 
be many years post injury) and have a high level of physical 
and psychological adaptation [3, 5, 51, 81]. Patients disfig-
ured from birth report less disturbance in body image and 
better psychosocial adjustment than those disfigured from 
recent accidental injury [163]. The psychological adaptation 
process to the limb loss is demonstrated by the patients with 
congenital deformation who have incorporated their anom-
aly into their body image, typically habituated to social reac-
tions, and have developed effective coping strategies to 
manage ADLs [164]. The psychological adaptation for 
patients who acquire disfigurement later in life often is more 
challenging, as they have to deal with reactions to the cir-
cumstances surrounding the onset (e.g., trauma, disease, 
accident), the loss of function, and appearance and body 
image [165].

 Informed Consent

Informed consent for VCA recipients is a detailed process 
focusing on esthetic, functional, surgical, and post-transplant 
complications (including immunosuppressive effects and 
psychiatric disorders) [166–168]. Donor family informed 

Table 35.1 The most common tests used as psychometric instruments 
of psychosocial evaluation before and after limb transplantation

Psychosocial domain Psychometric instruments
Depression PHQ-9 by [131]

Self-report depression scale for research in 
the general population (CES-D) by [132]
BDI-II by [133]

Anxiety GAD-7 by [134]
BAI by [135]
HADS by [136]

Quality of life SF-36/SF-12 health survey by [137, 138]
SWLS by [139]
Q-LES-Q by [140]

Personality MMPI by [141]
NEO-PI-R by [142]
PAI by [143]
STAI by [144]
SCID-II by [145]
GSES by [146]
PCS by [147]

Body image RSES by [148]
SSES by [149]
MCSD by [150]
MBA by [151]
DAS-59 by [152]
BES by [153]

Traumatic reactions PSS-SR by [154]
COPE inventory by [155]

PHQ-9 patient health questionnaire, BDI-II beck depression inventory, 
GAD-7 generalized anxiety disorder questionnaire, BAI beck anxiety 
inventory, HADS hospital anxiety and depression scale, SWLS satisfac-
tion with life scale, Q-LES-Q quality of life enjoyment and satisfaction 
questionnaire, MMPI minnesota multiphasic personality inventory, 
NEO-PI-R NEO personality inventory-revised, PAI personality assess-
ment inventory, STAI state-trait anxiety inventory, SCID-II structured 
clinical interview for DSM-IV, GSES generalized self-efficacy scale, 
PCS perceived competence scale, MCSD multicultural social desirabil-
ity, GSES generalized self-efficacy scale, PCS perceived competence 
scale, RSES rosenberg self-esteem scale, SSES self-esteem scale, MBA 
measure of body apperception, DAS-59 derriford appearance scale, BES 
body esteem scale, PSS-SR PTSD symptom scale
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consent also must occur with countries which have an “opt- 
out” system with implications for how families may experi-
ence the donor-related experience. Donor families need to be 
assured of the dignity that will be afforded to the donor and 
provided with the opportunity to decide if they wish to meet 
the recipient or remain anonymous [168].

The transplant center must have all appropriate staff and 
facilities to provide the care and ensure informed consent 
and anonymity for deceased donors families and limb trans-
plant recipients [50].

 Bioethical Considerations

Bioethical issues are myriad, and collaborating with bio-
medical ethics experts helps guide the technical and psycho-
social challenges in modern limb transplant programs [3, 
88]. The ethical principle of non-maleficence supports lim-
ited risk to patients and is balanced by the principle of 
patient autonomy [86, 167]. It would appear that benefi-
cence and justice are less problematic ethical factors in this 
population [67]. Furthermore, three important ethical con-
siderations in the ethical guidance process are related to 
ensuring appropriate patient selection, patient advocacy, 
and informed consent [166].

Bioethical issues in limb transplantation are quite com-
plex [88] and may have an impact on patients’ post-trans-
plant motivation to go on with long-term rehabilitation and 
immunosuppressive treatment [169, 170]. The biomedical 
ethics consultation should be available on a case-by-case 
basis [67].

 Financial Support

For VCA transplantation to be successful, the patient and his 
family must have sufficient financial resources to manage 
time off work, travel to the transplant center, housing, and 
post-transplant immunosuppressive medication. In addition, 
access to transportation is key to be able to attend therapy 
appointments and post-transplant visits to monitor for rejec-
tion and other complications. Family support in problem- 
solving related to financial issues and logistical support is an 
important aspect of addressing these concerns.

 Ability to Tolerate Loss of Function

Following upper extremity transplantation, patients will have 
a lengthy recovery and initially experience decreased func-
tion due to the lack of nerve regeneration in the transplanted 
limb. The recovery process is gradual, and patients must be 
able to tolerate an initial loss of function while undergoing 

an intensive rehabilitation process. Family support during 
this time is essential, and the patient’s innate psychological 
resilience will support their ability to tolerate this period of 
time. Coping characteristics such as optimism, problem- 
solving, flexibility, humor, and acceptance are of great ben-
efit. The ability to develop a strong working relationship 
with the physical and occupational therapy teams is essen-
tial, and the mental health providers may need to interact 
with and support the physical therapy team during this 
process.

 Media Interest

Upper extremity transplantation is a relatively recent and 
highly visual form of transplantation which has resulted in 
significant media interest. Maintaining patient confidential-
ity is challenging because friends and acquaintances of the 
recipients will become aware of the transplant. In the age of 
social media, the story can be quickly circulated beyond the 
transplant center. Teams should prepare the patient for the 
possibility of media awareness of the transplant and develop 
a plan for managing this which respects the patient’s desires 
for privacy while providing support for a well-crafted media 
plan that decreases the possibility for intrusive media 
attention.

 Donor Family Contact

Contact with the donor family is a highly personal decision 
between the donor and recipient. As in solid organ transplan-
tation, some donor families wish to remain anonymous as do 
recipients. Utilizing knowledgeable social work staff who 
have experience with this interaction from their work with 
the solid organ population can be invaluable. Identifiers such 
as tattoos may increase the risk of the donor being identifi-
able, and as yet no clear guidelines exist about how best to 
address donor family privacy concerns in this setting. All 
parties will need to have realistic expectations about the pos-
sibility that the media or others may be able to identify both 
the donor and recipient due to the highly visible nature of 
upper extremity transplantation.

 Conclusions
Hand and upper extremity transplantation has proven to be 
an option for the restoration of functional, sensory, and 
esthetic modalities following limb loss. Patients need to 
carefully weigh potential benefits against the risks imposed 
by a lifetime commitment to immunosuppressive 
 medications. Patients with bilateral amputation may gain 
more functionally from upper extremity transplantation 
and additionally benefit from the restoration of sensation, 
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compared to recipients of unilateral transplantation. VCA-
related quality of life and psychosocial scales have yet to 
be developed, but utilizing experience gained with SOT 
and modifying existing semi-structured interviews to cap-
ture the unique facets of VCA allow for a reasonable, com-
prehensive evaluation process. Multicenter, collaborative 
research protocols will allow for adequate enrollment of 
subjects to advance our understanding of the important 
predictors of optimal outcomes following hand and upper 
extremity VCA.
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 Introduction

The first successful organ transplant occurred in 1954: a 
kidney transplanted from a living donor. The 1960s brought 
a number of other successful organ transplants, including 
the liver, heart, and pancreas. Successful lung and intestine 
transplants occurred in the 1980s [1]. As advances in 
immunosuppression have decreased the rates of organ 
rejection, the opportunity to transplant non-vital organs 
has expanded; these non-vital organ transplants include 
hand, face, lower extremity, uterine, and penile, collec-
tively known as vascularized composite allotransplanta-
tion (VCA).

 History of Uterine Transplantation

Efforts to address female infertility have been a source of 
research for decades. For women who are unable to con-
ceive or birth a child with current fertility treatments (i.e., 
hormonal therapies, intrauterine insemination, and in vitro 
fertilization), available options for child-rearing include 
gestational surrogate carrier, adoption, and fostering. 
Absolute uterine factor infertility (AUFI) affects 1/500 
women worldwide [2], and for these women who wish to 
have children, only adoption and surrogacy are available. 
For women who are unable or prefer not to utilize these 
options, uterine transplant has become an emerging reality 
(see Table 36.1). Research into the viability of uterine trans-

plantation in rats and nonhuman primates has been docu-
mented since the 1960s, with the first described rat pregnancy 
after allogenic uterus transplantation published in 2010 [3]. 
Report of the first successful human uterus transplantation 
was published in 2002, a case which involved a 26-year-old 
female recipient who lost her uterus to postpartum hemor-
rhage and a 46-year-old donor; the recipient developed 
acute vascular thrombosis 3 months after surgery, requiring 
hysterectomy [4]. The second case came in 2013, which 
also included the first clinical pregnancy via embryo trans-
fer, 18 months after a 23-year-old female with Rokitansky 
syndrome (i.e., genetic disorder with underdevelopment or 
absence of vagina and uterus) was transplanted with a 
deceased donor uterus [5]. This pregnancy miscarried at 
6 weeks gestation.

A Swedish group, led by Mats Brännström, published the 
first clinical trial of uterine transplantation in 2014, which 
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Table 36.1 Uterine transplantation indications

The desire to carry and give birth to a child when unable to for the 
following indications
  Hysterectomy
   Postpartum hemorrhage
   Multiple myomas
   Cervical/uterine cancer
   Multiple fibroids
   Severe adenomyosis
   Fibrous adhesions
   Prior radiotherapy
  Uterine malformation
   Uterine agenesis (Mayer-Rokitansky-Küster-Hauser syndrome)
    1/4500 women
   Uterine hypoplasia
  Countries where surrogacy and/or adoption are heavily restricted/

prohibited
   Sweden, Japan, Turkey, and Egypt, for example
    Gestational surrogacy legal in only six European countries and 

illegal in five US states
    Russia, Vietnam, and African countries restricting international 

adoption
  Future theoretical considerations
   Male-to-female transgender reassignment surgery

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_36&domain=pdf
mailto:aament@stanford.edu
mailto:Jowsey-Gregoire.Sheila@mayo.edu
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included nine women who received uteri from live donors 
[6]. Two women required hysterectomy within the first few 
months, while seven women were able to achieve regular 
menstruation during the first year, with occasional subclini-
cal rejection that was effectively treated with immunosup-
pressant therapy. In 2015, the same group published the 
landmark case of the first live birth after uterus transplant, in 
which a 35-year-old woman with Rokitansky syndrome 
received a uterus from a living 61-year-old two-parous 
donor who was a close family friend of the recipient. The 
recipient underwent in vitro fertilization with single-embryo 
transfer 1 year after transplantation, which resulted in a via-
ble pregnancy. She continued immunosuppression while 
pregnant, and a course of corticosteroids for an episode of 
rejection while pregnant. The pregnancy ultimately resulted 
in the birth of a male baby with normal APGAR scores at 
31 weeks gestation after caesarian section due to preeclamp-
sia and abnormal cardiotocography [2]. The first uterine 
transplant in the United States was at the Cleveland Clinic in 
2016, with a 26-year-old receiving a deceased donor uterus – 
the uterus had to be removed within a month after the trans-
plant due to a Candidal infection. As of March 2018, 26 
women have received a uterine transplantation, with 7 docu-
mented live births. The two most recent live births resulting 
from uterine transplantation have occurred in November 
2017 and February 2018 at Baylor University Medical 
Center – both were from living donors, one of whom was 
nondirected.

 Differences Between VCA and Solid Organ 
Transplantation

Different from solid organ transplantation, VCA involves 
transplantation with tissues of composite organs, including 
the skin, muscle, bone, vessels, and nerves, which make 
them immunologically complex [7]. The other fundamental 
difference between solid organ transplantation and VCA 
(including uterine and penile transplantation) is that the pur-
pose of VCA is to enhance function and/or quality of life; the 
procedure is not required to save life, as in the case of solid 
organ transplantation. As such, implications of risk-benefit 
for VCA are different than for solid organ transplants. Both 
VCA and solid organ transplants require long-term immuno-
suppression for the survival of the graft – a treatment that 
comes with potentially significant adverse effects: this calls 
into question the ethical balance of proceeding with these 
procedures which are life-enhancing, rather than life-saving. 
Notably however, uterine transplant is the only transplant 
that is considered temporary, resulting in temporary expo-
sure to immunosuppressants for the period of time that the 
recipient wishes to be childbearing.

 Unique Factors Driving Needs for Uterine 
Transplantation

Absolute uterine factor infertility (AUFI) – characterized by 
any condition that causes congenital/iatrogenic absence or 
nonfunction of the uterus – affects 1/500 women of child-
bearing age, which corresponds to 1.5 million women world-
wide [2]. Uterine transplantation is the first treatment 
available for AUFI, causes of which include congenital 
absence of the uterus (Rokitansky syndrome, aka Mayer-
Rokitansky-Küster-Hauser syndrome) which affects 1/4500 
women, previous hysterectomy, or severe intrauterine adhe-
sions (see Table  36.1). It is also the first described organ 
transplant in which the graft is intended to be temporary and 
thus requires not one but two guaranteed surgeries [2]. Many 
factors are then involved in the timing of when to remove the 
organ, from how many pregnancies are desired, to risks and 
side effects of continued immunosuppression, to the deci-
sion-making autonomy of the recipient who is now the recip-
ient of the new organ versus the medical team about eventual 
removal of the transplanted uterus.

Features of those expressing interest in becoming uterine 
transplant recipients and donors have been explored by two 
groups in the United States [8, 9]. Each group had significant 
interest (>250 potential recipients and 80 potential donors 
contacted the programs). Of the interested recipients, mean 
age was around 30-years-old, with about one-third having 
congenital absence of the uterus (mean age 28) and two-thirds 
having previous hysterectomy (mean age 33). In both studies, 
a subset of interested recipients already had one child (17% 
and 47%, respectively), and >93% of women were married or 
in a stable relationship. Religion did not appear to be a primary 
driving factor of interest. In one study, five candidates were 
male-to-female transgender, and one applicant had an intersex 
diagnosis. Of the donor candidates, 74% were altruistic/nondi-
rected, mean age was 40, 90% had delivered at least one child, 
all had completed their own family, and 31% had undergone 
permanent pregnancy prevention. A study on the public atti-
tudes toward transplantation in the United States showed 74% 
of 736 women were willing to donate their uterus [10]; a study 
in the United Kingdom showed that 94% of 528 healthcare 
professionals supported uterine transplantation [11], and a 
study in Sweden demonstrated that uterine transplant was felt 
to be more acceptable than surrogacy [12].

 Psychosocial Assessment of Uterine 
Transplant Recipients

Psychosocial assessment for organ transplantation, though with 
little formal guidance from UNOS, has become more standard-
ized at transplant centers, with four published psychosocial 
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assessment tools: the Psychosocial Assessment for Candidates 
of Transplantation (PACT) [13], the Psychosocial Levels 
System (PLS) [14], the Transplant Evaluation Rating Scale 
(TERS) [15], and the Stanford Integrated Psychosocial 
Assessment for Transplantation (SIPAT) [16]. Please see 
Chap. 3 for the detailed description of psychosocial evaluation 
of solid organ transplant candidates. Ample evidence exists 
which demonstrates that psychosocial risk factors have a signifi-
cant effect on graft outcomes; for example, psychiatric prob-
lems after transplantation lead to higher risk of infection, 
hospital readmissions, and higher medical costs; overall psy-
chosocial risk is associated with number of rejection episodes 
[16, 17] and post-transplant mortality [18, 19].

A standardized evaluation for organ donors has also been 
established, called the Live Donor Assessment Tool (LDAT) 
[20] (See Chap. 4 for more details). As described above, 
evaluation of both recipients and donors for uterine trans-
plantation adds a unique element to the risk-benefit analysis: 
both parties undergo substantial risk for procedures that are 
not required for the life of the recipient. For example, uterine 
donation from a deceased donor would reduce overall risks 
and complexity of the surgical procedure; however, thus far 
only uterine transplants from living donors have been able to 
result in a live birth. As live birth is the desired outcome driv-
ing uterine transplantation, the success rates of live vs 
deceased donors is an important consideration.

A particularly unique aspect to psychosocial consider-
ations for uterine transplantation is the number of steps 
required for a “successful” outcome: (1) Identification of a 
donor, (2) successful transplantation, (3) lack of rejection, (4) 
successful embryo implantation by in vitro fertilization, (5) 
pregnancy without miscarriage, and (6) healthy live birth 
delivery. Additionally, uterine transplantation directly affects 
four individuals – recipient, donor, partner of recipient, and 
possible future child [21]. Careful psychosocial assessment 
of the recipient, her partner, and the donor is therefore imper-
ative. Uterus recipient evaluation should include the same 
domains as any other organ transplantation. The psychosocial 
domains of interest include: psychiatric and substance use 
disorder history, family support, history of adherence, knowl-
edge about transplantation, and health behaviors and factors 
measured by the above tools, all of which have been shown to 
predict medical and psychosocial outcomes, including rejec-
tion episodes, hospitalizations, infection rates, psychiatric 
decompensation, and support system failure [16, 17, 22].

Importantly, recipient evaluation for uterine transplant 
includes unique considerations that are not typical issues in 
other organ transplants. Motivations, attitude, and feelings 
around transplantation, pregnancy, childbearing, and poten-
tial success or failure of the procedure should be assessed. 
The recipient should also be assessed for other pregnancy 
options explored, relationship to donor, understanding of the 

risks of immunosuppressives and pregnancy, acceptance of 
future hysterectomy, sexual function, partner support of 
transplantation, quality of life (including fertility), social 
desirability, self-esteem, body image, and coping [23]. In the 
most comprehensive study to date, nine uterine transplant 
recipients were assessed for quality of life, mood, relation-
ship, and fertility quality of life. The study demonstrated 
decreases in physical function, and increases in bodily pain 
scores 3  months post-transplant, which subsequently nor-
malized [24].

Health literacy related to immunosuppressive risks to the 
fetus needs to be assessed in the recipients, and as has been 
noted, cyclosporine, tacrolimus, and azathioprine have been 
associated with low birth weight and preterm labor [25]. 
Mycophenalate is contraindicated in pregnancy due to con-
genital malformations and miscarriage [25]. Steroids have 
no evidence of teratogenicity, and calcineurin inhibitors do 
not have an increased birth defect rate above the general 
population [26] (Table 36.2).

Obtaining collateral history from partners and exploring 
the partner’s support and understanding of uterine transplant 
including the risks to the recipient and fetus are important. 
Issues related to the recipient’s body image and concerns 
about sexuality should be addressed. Ensuring that the  couple 
shares the same strong desire for having children would be 
reasonable, in addition to assessing the partner’s expecta-
tions of positive or negative outcomes.

The groups who have completed or are undergoing uter-
ine transplant clinical trials have documented that they per-
form extensive psychosocial evaluations for the potential 

Table 36.2 Immunosuppressive risk to fetus in pregnant patients [25]

FDA classification Observations
Steroids B – No evidence of 

risk in humans
No evidence of 
teratogenicity

Tacrolimus C – Risks cannot 
be ruled out

Preterm birth, transient 
hyperkalemia, renal 
impairment observed
No increased congenital 
malformations

Cyclosporine C – Risks cannot 
be ruled out

Low birth weight 
associated
No increased congenital 
malformations

Everolimus/
sirolimus

C – Risks cannot 
be ruled out

Limited data; 
contraindicated

Azathioprine D – Positive 
evidence of risk

Prematurity, low birth 
weight
Neonatal immunological 
problems (resolved within 
1 year)

Mycophenolate 
mofetil

D – Positive 
evidence of risk

Strictly contraindicated – 
Miscarriage, several 
possible fetal 
malformations
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recipients. One group’s psychological evaluation included 
an in-depth interview and multiple standardized question-
naires, including Fertility Quality of Life Questionnaire, 
Millon Behavioral Medicine Diagnostic, Hospital Anxiety 
and Depression Scale, Posttraumatic Stress Disorder 
Checklist, Brief Coping Orientation to Problems 
Experienced Questionnaire, Connor-Davidson Resilience 
Scale 10, Drug Use Questionnaire, and Dyadic Adjustment 
Scale [9]. The other group performed semi-structured inter-
views assessing the following domains: psychological well-
being, relationship, managing childlessness, knowledge 
about the project, and risk and relation with donor; these 
recipients additionally filled out standardized question-
naires regarding mood, quality of life, relationship, and fer-
tility quality of life [21].

 Psychosocial Assessment of Uterine Donors

The donor assessment should include motivators (both 
internal and external), knowledge of the donation process, 
risks of donation, relationship to recipient, evidence of coer-
cion, financial gain or indecision, psychiatric issues, psy-
chosocial stability, and substance use. Additional unique 
considerations include relationship to recipient (many 
recorded live donors have been family members) and 
donor’s inability to pursue future pregnancies. In cases 
where mothers donate to daughters, the possibility of psy-
chological coercion must be assessed, as well as a maternal 
donor’s internal sense of guilt, self-blame, or obligation if 
her daughter was born with congenital absence of the uterus 
[27]. The donor surgery is more complex and lengthy than a 
typical hysterectomy and involves the typical risks of anes-
thesia, in addition to the more specific risk of ureteral injury. 
The evolution of robotic surgical strategies may improve the 
surgical strategies leading to decreased length of surgery for 
the donor. There is one initial observational study which 
explored the medical and psychological follow-up of nine 
live uterus donors. Donors were found to have higher base-
line scores on the Psychological General Well-Being Index 
and the Dyadic Adjustment Scale; two donors had an 
increase in Hospital Anxiety and Depression Scale scores in 
the study period [28]. Donor complications have included 
one case of ureteric-vaginal fistula. The donors generally 
were related to the recipients, and most were postmeno-
pausal [28] (Table 36.3).

 Ethical Considerations

Ethical analysis of uterine transplantation has been described 
and emphasizes the importance of assessing the recipients’ 
ability to provide informed consent, completing a thorough 

psychological evaluation of the recipient (and her partner), 
decreasing the possible exploitation of vulnerable women 
who currently serve as surrogates, and considering the pos-
sible risks to living donors (see Table  36.4) [29]. Uterine 
transplant allows women the opportunity for pregnancy 
(and generation of life), which for some individuals may be 
a central part of one’s identity as woman and mother; as 
such, this type of transplant is life-enhancing but non-vital. 
Therefore, beneficence and autonomy need to carefully bal-
ance against the possible risks to the recipient, donor, and 
fetus. Bioethicists have opined that due to these risks, only 
deceased donations would be ethical [29], and in 2009 the 
International Federation of Obstetrics and Gynecology 
Committee reported it was unethical to remove a uterus for 
the purpose of transplantation [7]. However, given the risks 
of surrogacy, hysterectomy for the purpose of donation may 
be a less risky option, and the planned subsequent removal 
of the transplanted uterus may help decrease the risks of 

Table 36.3 Unique considerations for psychosocial evaluation in 
uterus transplant

Recipient Partner of recipient Donor
Motivation for 
childbearing and 
pregnancy

Desire for child Relationship to 
recipient

Prior pregnancies, 
children, and 
reproductive 
experiences

Understanding of 
risks for partner and 
fetus

Motivation (internal 
and external), in 
light of “non- 
life-saving 
transplant”

Other childbearing 
options explored

Relationship to 
donor

Prior experiences 
with pregnancy and 
childbearing, if any

Expectations of 
success or failure of 
the transplant, IVF, 
pregnancy, and live 
birth

Expectations of 
success or failure of 
the transplant, IVF, 
pregnancy, and live 
birth

Understanding 
around loss of 
childbearing ability, 
if still able

Relationship to donor 
and feelings around 
this

Impact on the 
sexual relationship 
with partner/
recipient

Trauma, sexual 
history, and sexual 
function

Understanding of 
risks of 
immunosuppressants 
during pregnancy

Partner input, if 
applicable

Understanding of 
eventual 
hysterectomy
Sexual function and 
expectations
Partner support or 
lack thereof
Quality of life 
regarding recovery 
from surgery, fertility 
treatments, future 
surgery
Self-esteem and body 
image
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longstanding immunosuppressive medication for the recipi-
ents. With the experience in solid organ transplantation of 
generally reasonable outcomes for offspring of pregnant 
recipients, the question of risk to the fetus is also more 
favorable than might be initially thought – risk of congenital 
malformations when using immunosuppressive drugs 
approved by the FDA during pregnancy is comparable to 
risk in normal pregnancy [21]. In an era of decreasing avail-
ability of adoptable infants and increasing scrutiny of sur-
rogacy, women with absolute uterine factor infertility 
require ethical strategies to address their understandable 
desire for reproductive options.

Other ethical questions that have been raised regarding 
uterine transplantation include whether vulnerable popula-
tions could be financially coerced into donation. In the more 
distant future, innovations related to reconstructive trans-
plantation, such as 3D printing of organs, may obviate the 
need for uterine transplantation. Uterine transplantation for 
non-genetic females is also of interest but poses unique 
physiologic challenges that will require further research. In 
addition, there has been a study looking at the attitudes 
regarding uterus donation of female-to-male transgender 
patients who were undergoing elective gender reassignment 
hysterectomy; of the 31 patients, 84% reported willingness 
to volunteer for donation after receiving detailed information 
about the procedure [30].

While the initial outcomes of the uterine transplant pro-
gram in Sweden have been encouraging, other centers have 
not yet replicated this degree of success. How to best support 
the recipients who fail to become pregnant and when to con-
sider explanting the uterus for these individuals are unknown. 
Managing recipients who have had graft failure or graft loss 
due to complications is also not described in detail in the 
literature. Not only will these events impact the recipients, 

but they may also have implications for donors and spouses. 
Integrating mental health providers into the team to support 
and monitor for emerging symptoms of anxiety and distress 
in the event of adverse recipient or donor outcomes would be 
prudent.

 Penile Transplantation

In contrast to uterine transplantation, penile transplantation 
has only been attempted few times with little thus far 
reported about the experience of the patients or the psycho-
social assessment of these patients. Reasons for penile 
transplantation would be an attempt to restore urinary, 
reproductive, sexual, and aesthetic function, all of which 
may result in psychological consequences. Penile injuries 
are being seen more commonly in combat veterans exposed 
to improvised explosive devices, in addition to urotrauma 
due to cancer or motor vehicle accidents [31]. There are also 
reports of complications from ritual circumcision in South 
Africa, leading to severe penile injuries. The first penile 
transplant was performed in China in 2006, but the graft was 
removed apparently due to dissatisfaction by the patient and 
his wife [31]. The second transplant occurred in South 
Africa in a 21-year-old man whose penis had been damaged 
during a circumcision [31]. The first in the United States 
penile transplant occurred in Boston in a 64-year-old fol-
lowing surgery for a penile carcinoma [32]. In April 2018, 
the New York Times reported the transplant of a penis, scro-
tum, and a portion of the abdominal wall from a deceased 
donor to a recipient who was a veteran maimed by an impro-
vised explosive device [33].

Many psychosocial factors are likely to be important 
in this transplant population, including the perception of 
the recipient and his partner about the transplant, body 
image concerns, sexuality, urinary issues, and consider-
ation of a prosthesis or reconstructive surgery. Penile 
injury in particular has implications on physical intimacy, 
sexual identity, masculinity, fears of infertility, and sui-
cidality [34]. In the case of the 21-year-old South African 
transplant recipient, careful psychological screening and 
follow-up was emphasized, and at a 24-month follow-up, 
he had achieved sexual function with a subsequent preg-
nancy of his partner, reported acceptance of his new 
organ, and had increased quality of life scores [35]. In the 
case of the 64-year-old Boston transplant recipient, at 
6  months postoperatively, the patient regained normal 
appearance of the penis, full urinary function, and partial 
sensory and erectile function; furthermore, he reported 
improved health satisfaction, self-image, and optimism 
for the future [32]. In the most recent 2018 US case of the 
veteran who received a penile transplant, he reported 
having had thought about suicide before the possibility of 

Table 36.4 Elements of recipient informed consent for uterine trans-
plantation [29]

      1. Surgery lasts for 5 or more hours.
      2.  Possible complications due to anesthesia including 

pneumonia and deep vein thrombosis.
      3. Risks of hemorrhages which may require transfusion.
      4. Risks of infections which may require hysterectomy.
      5.  In vitro fertilization required to achieve pregnancy, which 

may fail.
      6.  Complications during pregnancy cannot be excluded; 

miscarriage may occur.
      7.  Possible risks to fetus from new vascular supply, altered 

uterine fixation.
      8. Organ rejection can occur.
      9.  Organ rejection during pregnancy may warrant consideration 

of terminating pregnancy.
    10.  Risk of premature birth, along with short- and long-term risks 

of prematurity.
    11.  Long-term risk to fetus of immunosuppressant use during 

pregnancy is unknown.
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a transplant gave him hope; at post-transplant he was 
quoted as “feeling whole again.” In addition, this was the 
first case to transplant not just the penis but surrounding 
tissue including the scrotum. For ethical reasons, the 
donor testes were removed to eliminate the possibility 
that the recipient could produce children that were not 
genetically his own [33].

Public attitudes around penile donation and transplanta-
tion have not been studied. Societal acceptance of this form 
of transplantation also needs to occur in order for donor 
families to consider permitting this form of donation [36]. 
There are no formal guidelines for the psychosocial evalu-
ation or ethical conduct of penile transplantation [22]. As 
with any form of transplantation, an assessment of psychi-
atric disorders including screening for posttraumatic stress 
disorder (PTSD) in the cases of trauma, family support, 
history of adherence, and knowledge about transplantation, 
including the need for lifelong immunosuppressive medi-
cation, is needed. Specific to penile transplant should be the 
increased focus on wishes regarding sexual activity, partner 
attitude/expectations, support system attitudes, ability to 
cope with possible stigma, scorn and failure of transplant, 
and tolerance for media publicity [31]. In the South African 
experience, screening for suicidality was especially impor-
tant since the population identified has evidenced signifi-
cant distress due to the catastrophic sequelae of the 
circumcision experience [37]. Informed consent should 
involve complete discussion about expectations of results 
around aesthetics, urinary, sexual, and reproductive func-
tion. As the three prior penile transplant cases received con-
siderable attention from the media, the ability to cope and 
tolerate this would also potentially be an important factor 
to be considered for these patients, and careful discussion 
about the patient’ desire for privacy would be a priority for 
the transplant team.

 Conclusions
VCA involving reproductive organs is emerging as a solu-
tion for women with absolute uterine infertility and for 
men following penectomy or penile loss due to trauma. 
The benefits for these patient populations may be signifi-
cant, but much needs to be learned about the medical and 
psychological implications of these forms of transplanta-
tion. Transplant teams will require experienced social 
workers, psychologists, and psychiatrists to assess and 
support the ongoing needs of these patients. As more cen-
ters develop programs, sharing information and develop-
ing shared research projects will yield valuable insights 
into how best to assess and manage emerging psychiatric 
disorders that may occur. Forums, such as the Chauvet 
Workshop which brings together key stakeholders in the 
psychosocial assessment of VCA patients, provide a use-
ful platform for supporting collaboration [38].
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 Introduction

Hematopoietic cell transplantation (HCT), also known as 
blood and marrow transplantation (BMT), is an essential 
curative therapy for malignant and nonmalignant diseases. 
There are two forms of HCT: autologous and allogeneic. 
Autologous HCT utilizes the patient’s own hematopoietic 
stem cells, while allogeneic HCT utilizes a healthy donor’s 
hematopoietic stem cells. The hematopoietic graft or cells 
may be collected from the bone marrow, the peripheral 
blood, or the umbilical cord. Since the inception over 
50 years ago, HCT’s use has grown tremendously, with the 
millionth HCT reported in 2012 [1]. Soon after this report, 
the Worldwide Network for Blood and Marrow 
Transplantation published an observational study on the 
global development of HCT occurring from 1957 to 2012 
[2]. Figure  37.1 demonstrates the steady rise of trans-
plants, reaching 50,000 by 1991, to 500,000 by 2005, and 
1,000,000 by 2012. At the time of this report, there was no 
evidence of saturation in the number of worldwide alloge-
neic HCTs.

Steady research and technologic advancements have 
allowed the increase in HCT, with a broader and older popu-
lation receiving autologous and allogeneic HCT more safely 
and effectively. The Seattle group identified a reduction in 
non-relapse mortality (NRM) and improved overall survival 
(OS) from 1993–1997 to 2003–2007 in their allogeneic HCT 
recipients, identifying a reduction in organ damage, infec-
tion, and severe graft versus host disease (GVHD) responsi-
ble for the improved outcomes [3]. Extending the donor 
options to include not only the matched sibling donor (MSD), 
but the matched or minimally mismatched unrelated (URD), 
haploidentical related, and minimally mismatched umbilical 

cord blood (UCB) donors offers a feasible donor for more 
than 80% of patients 20 years of age or older and for almost 
all pediatric patients based on a population-based genetic 
model from the US National Marrow Donor Program and 
UCB registries [4]. The trend in donor sources in the USA is 
illustrated in Fig. 37.2 [5]. As of 2006, the number of URDs 
exceeded MSDs, not only in the USA, but worldwide with 
over 22,000,000 registered donors from 57 countries and 
well over 600,000 UCB products HLA-typed and cryopre-
served from 36 countries in 2015 [2]. The use of haploidenti-
cal donors has experienced the greatest rise in use with a 
167% increase over 10  years noted from the Worldwide 
Network of BMT [6]. The increased use of these donor alter-
natives is legitimate due to similar outcomes seen regardless 
of donor source [7–12].

The trends in age for autologous and allogeneic HCT in 
the USA reported to the Center for International Blood and 
Marrow Transplant Research (CIBMTR) are shown in 
Fig. 37.3. The percent of patients greater than 60 years of age 
continues to increase, comprising greater than 50% of 
patients receiving autologous HCT for lymphoma and 
myeloma and approximately 25% of patients receiving allo-
geneic HCT. The ability to deliver allogeneic HCT with less 
morbidity and mortality via reduced intensity regimens has 
spurred the increase in the allogeneic HCT recipient’s age, 
with a 2014 European Blood and Marrow Transplantation 
(EBMT) survey reporting 41% of the nearly 17,000 alloge-
neic HCTs utilizing a reduced intensity regimen [13, 14]. 
The majority of HCTs occur in the adult population with 
approximately four times the number of HCTs occurring in 
adults (7000  in 2015) than children (1600  in 2015) in the 
USA [5]. The diseases transplanted also vary between the 
pediatric and adult populations with a rare indication for 
HCT in nonmalignant disease in an adult, whereas this is a 
more common indication in a child.

As one can appreciate from the accompanying CIBMTR 
data on trends in HCT over time, age alone is not a determi-
nant for HCT eligibility. There is an ever-increasing body of 
literature describing excellent outcomes in select elderly 
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patients receiving autologous as well as allogeneic HCT 
regimens [15–17]. Predictors having a greater impact on 
outcomes include functional status, Karnofsky Performance 
Status, HCT-comorbidity index score, EBMT risk score, 
and pre-transplantation assessment of mortality risk score 
[16–22].

 Patient Evaluation and Preparation for HCT

Patients considered for HCT are typically referred to a trans-
plantation program by their primary hematologist or oncolo-
gist. The initial evaluation begins with a thorough review of 
the patient’s medical and psychosocial history as well as the 

current medical and psychosocial conditions, including 
assessment of the patient’s financial and psychosocial sup-
port. The evaluation team often includes a BMT physician, a 
BMT nurse coordinator, a BMT social worker, a financial 
coordinator, and additional specialists dependent on patient- 
specific indications. Prior to HCT, in addition to assessing a 
patient’s disease status with the appropriate disease-specific 
studies, the patient must also undergo a complete assessment 
of infectious disease and organ function, including routine 
laboratory data as well as cardiac and pulmonary function 
testing. Patients considered for allogeneic HCT must also 
undergo histocompatibility (HLA) testing and assessment of 
possible donors, which may include evaluating their healthy 
relatives. Patients are counseled and required to abstain from 
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alcohol, tobacco, and all illicit drug use prior to HCT to min-
imize the risks associated with HCT.

HCT requires “preparation” of the patient, termed the 
preparative regimen. The preparative regimen serves two 
purposes: (1) to ensure adequate control of the disease and 
(2) to ensure adequate immunosuppression to allow suc-
cessful engraftment of the donor cells. Traditionally, pre-
parative regimens have utilized myeloablative or high-dose 
chemotherapy with or without radiation. Autologous HCT 
requires a high-dose regimen to ensure disease eradication, 
while allogeneic HCT also relies on the donor alloimmunity 
as a mode of disease control with lower dose or reduced 
intensity regimens occasionally employed in this setting. 
Myeloablative HCT begins with an approximate 4–7 days of 
preparative regimen, followed by a 2–3-week bone marrow 

recovery period. During this time, patients are monitored as 
an inpatient or on a daily basis as an outpatient while they 
experience the side effects and toxicities of the regimen 
which include absolute neutropenia, anemia, thrombocyto-
penia requiring red blood cell and platelet transfusions, and 
increased risk of infections. Many patients experience gas-
trointestinal side effects of nausea, vomiting, diarrhea, and 
mouth sores that may limit oral nutrition and require pain 
medication. The autologous HCT patient is usually dis-
charged to the care of their primary hematologist or oncolo-
gist within 1–2  months of their HCT.  However, patients 
undergoing allogeneic HCT may receive a myeloablative or 
reduced intensity regimen, and thus due to the unique risks 
associated with allogeneic HCT, such as GVHD and infec-
tion, the allogeneic HCT recipient remains under the close 

10000a

b

9000

8000

7000

6000

5000

4000

3000

2000

0

1000

2000
2001

2002
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2003
2004

N
um

be
r 

of
 tr

an
sp

la
nt

s

<60 Years 60–69 Years

ˆTransplants for NHL, Hodgkin disease and
multiple Myeloma

ˆTransplants for AML, ALL, NHL, Hodgkin disease,
multiple Myeloma

³70 Years

0

1000

2000

3000

4000

5000

6000

2000
2001

2002
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2003
2004

N
um

be
r 

of
 tr

an
sp

la
nt

s

<60 Years 60–69 Years ³70 Years

Trends in autologous HCT by recipient ageˆ

Trends in allogeneic HCT by recipient ageˆ

Fig. 37.3 Trends in HCT for 
malignant diseases in the 
USA by recipient age 
reported to the CIBMTR prior 
to 2015. (a) Autologous HCT 
for non-Hodgkin lymphoma 
(NHL), Hodgkin lymphoma 
(HL), and multiple myeloma 
(MM). Slide 11 [5]; (b) 
Allogeneic HCT for acute 
myelogenous leukemia, acute 
lymphoblastic leukemia, 
NHL, HL, and MM. Slide 12 
[5]

37 Bone Marrow Malignancies and Indications for Hematopoietic Cell Transplantation



390

observation of the transplant center until 80–100 days after 
HCT, regardless of the intensity of the regimen. Dependent 
on the transplant center, the allogeneic HCT recipient often 
continues with relatively frequent follow-up with their 

transplant center up to 1 year or more after HCT, dependent 
on the post-HCT clinical issues.

The indications for HCT in the USA are illustrated in 
Fig. 37.4 summarizing CIBMTR data from 2014 and Fig. 37.5 
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showing the trends by type of HCT and disease over time. The 
indications in the USA are similar to the indications reported 
from a 2014 EBMT survey [5, 13]. The most common indica-
tions for HCT in the USA in 2014 were multiple myeloma and 
lymphoma, accounting for 56% of all HCTs. Acute leukemias 
(acute myelogenous leukemia (AML), acute lymphoblastic 
leukemia (ALL), and myelodysplasia (MDS), combined 
with myeloproliferative neoplasms (MPN)) were the next 
most common, comprising approximately one third of HCTs 
and 70% of allogeneic HCTs. The European and US data 
from 2014 showed the allogeneic transplant activity increased 
in AML and MPN/MDS with a decrease in chronic lympho-
cytic leukemia (CLL). Autologous transplant activity showed 
the greatest increase in plasma cell disorders (PCD) includ-
ing multiple myeloma (MM) and amyloidosis. The follow-
ing section will review the most common indications for 
HCT in the adult population reflecting the published guide-
lines from the EBMT and the American Society of Blood 
and Marrow Transplantation (ASBMT), including respective 
outcomes based on the specific disease entities [23, 24].

 Disease Specific Indications for HCT

 Acute Myelogenous Leukemia

Acute myelogenous leukemia is the most common acute leu-
kemia in adults with the median age of onset approximately 
65  years of age with an estimated 21,000 new cases diag-
nosed in the USA in 2017 [25]. AML includes a heteroge-
neous group of blood cell cancers arising from clonal 
expansion of malignant hematopoietic precursor cells. The 
aberrant cells proliferate in the bone marrow and interfere 
with production of normal blood cells. Patients present with 
symptoms of anemia, such as fatigue, weakness, shortness of 
breath, dyspnea on exertion, infection, and excessive bruising 
and bleeding. Laboratory analyses reveal decreased red blood 
cells, platelets, and mature neutrophils. AML is generally rap-
idly lethal unless treated with intensive chemotherapy and/or 
targeted therapies together with supportive care [26].

Although AML is a relatively rare disease, it is the most 
common indication for allogeneic HCT with approximately 
3200 patients receiving allogeneic HCT for AML in the USA 
in 2015 (see Fig. 37.5) [5]. AML is categorized into good-, 
intermediate-, and poor-risk disease based on cytogenetic 
and molecular markers identified at diagnosis (see Table 37.1) 
[27]. These disease-risk categories are important in deter-
mining indication for transplantation.

Allogeneic HCT with the best available donor (MSD, 
URD, haploidentical, and UCB) is standard of care for all 
intermediate- and poor-risk AML patients in first or subsequent 
complete remission (CR) and occasionally considered for 
patients not in CR [23, 24]. Favorable-risk AML patients are 

recommended for allogeneic HCT with the best available 
donor if they are slow to achieve a first CR or if in second or 
subsequent CR.  HCT in favorable-risk patients in first CR 
(CR1) is not routinely considered; however, the EBMT rec-
ommends consideration of HCT based on EBMT report 
results [28]. This EBMT report showed similar survival after 
autologous and allogeneic HCT for first CR patients with 
good-risk AML [28]. In addition, a meta-analysis demon-
strated improved disease-free survival and a trend for improved 
OS in patients receiving autologous or MSD allogeneic HCT 
compared with standard chemotherapy [28, 29]. Autologous 
HCT may be considered for patients in CR, ideally if in a 
molecular remission. The OS in AML patients undergoing 
MSD and URD HCT from the CIBMTR from 2004 to 2014 is 
shown in Fig. 37.6, with results divided by disease phase at 
time of transplant [5]. The 3-year OS after an MSD HCT was 

Table 37.1 Risk status based on validated cytogenetics and molecular 
abnormalitiesa [27]

Risk status Cytogenetics Molecular abnormalities
Favorable 
risk

Core binding factor: 
inv(16)b,c,d or 
t(16;16)b,c,d or t(8;21)b,d 
or t(15;17)d

Normal cytogenetics:
NPM1 mutation in the 
absence of FLT3-ITD or 
isolated biallelic (double) 
CEBPA mutation

Intermediate 
risk

Normal cytogenetics
+8 alone
t(9;11)
Other nondefined

Core binding factor with 
KIT mutationb

Poor risk Complex (≥3 clonal 
chromosomal 
abnormalities) 
Monosomal karyotype
-5, 5q-, -7, 7q-
11q23-non t(9;11)
inv(3), t(3;3)
t(6;9)
t(9;22)e

Normal cytogenetics:
with FLT3-ITD mutationf

TP53 mutation

aThe molecular abnormalities included in this table reflect those for 
which validated assays are available in standardized commercial labo-
ratories. Given the rapidly evolving field, risk stratification should be 
modified based on continuous evaluation of research data. Other novel 
genetic mutations have been identified that may have prognostic 
significance
bEmerging data indicate that the presence of KIT mutations in patients 
with t(8;21), and to a lesser extent inv(16), confers a higher risk of 
relapse. These patients are considered intermediate risk and should be 
considered for HCT or clinical trials, if available. Recent data suggest 
that certain KIT mutations may be more or less adverse in prognosis. 
See Discussion
cPaschka et al. [68]
dOther cytogenetic abnormalities in addition to these findings do not 
alter better risk status
eFor Philadelphia+ AML t(9;22), manage as myeloid blast crisis in 
CML, with addition of tyrosine kinase inhibitors
fFLT3-ITD mutations are considered to confer a significantly poorer 
outcome in patients with normal karyotype, and these patients 
should be considered for clinical trials where available. There is 
controversy as to whether FLT3-TKD mutations carry an equally 
poor prognosis
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59% ± 1% for patients with early AML, 51% ± 1% with inter-
mediate AML and 27% ± 1% with advanced AML. The 3-year 
OS after a URD HCT was 51% ± 1% for patients with early, 
48% ± 1% with intermediate, and 25% ± 1% with advanced 
AML. Although the comparisons across survival curves were 
univariate and did not control for multiple factors, disease sta-
tus at time of HCT was an important predictor of survival with 
early disease defined as first CR, intermediate disease as sec-
ond or subsequent CR, and advanced disease as primary induc-
tion failure or active disease.

 Acute Lymphoblastic Leukemia

Acute lymphoblastic leukemia is a rare malignant disorder, 
estimated to be diagnosed in just under 6000 people in the 
USA in 2017, more commonly seen in childhood than adults 

with the median age in adults of 39 years [25]. ALL origi-
nates from a B- or T-lymphocyte progenitor [26]. The prolif-
eration and expansion of the clonal blast cells in the bone 
marrow lead to disruption of hematopoiesis resulting in ane-
mia, neutropenia, and thrombocytopenia as well as occa-
sional extramedullary expansion involving the lymph nodes, 
thymus, gonads, meninges, liver, and spleen. The laboratory 
findings may include anemia, neutropenia, and thrombocyto-
penia as well as circulating lymphoblasts in the peripheral 
blood and in the cerebrospinal fluid. The presenting symp-
toms of ALL are often related to the degree of bone marrow 
failure and site of extramedullary disease. Weakness and 
fatigue are common in addition to fevers that may or may not 
be related to anemia or infection. Bone pain and arthralgias 
are also relatively common, although more often in children. 
Contemporary ALL chemotherapy offers cure to nearly 90% 
of children and 40% of adults. These outcomes are due to the 
introduction of more aggressive pediatric chemotherapy reg-
imens in the adolescent and young adult population leading 
to improved prognosis for patients younger than 35 years of 
age. Given these encouraging results, the indication for HCT 
is more controversial in adult ALL than AML with a reduced 
need for allogeneic HCT in this younger adult population [5, 
30, 31].

Indication for HCT in the adult population is typically 
based on disease characteristics at the time of diagnosis. The 
high-risk features include age less than 1  year or over 
35  years, white blood count of >30,000/ul for B-cell 
and >100,000/ul for T-cell phenotype, and high-risk cytoge-
netics (see Table 37.2) [32]. The ASBMT and EBMT agree 
on the recommendation of allogeneic HCT with the best 
donor available for patients with standard and high-risk ALL 
in CR2 and to “consider” HCT in patients with relapsed or 
refractory disease [23, 24]. The ASBMT and EBMT differ in 
their recommendations for patients in first CR. The ASBMT 
recommends allogeneic HCT as standard of care for stan-
dard- and high-risk patients. The EBMT limits its recom-
mendation to a MSD or URD HCT in first CR patients with 
high-risk disease, only if persistent, or recurrent minimal 
residual disease (MRD) [33] and only in first CR patients 
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Fig. 37.6 Overall survival after HCT for acute myelogenous leukemia 
patients reported to the Center for International Blood Marrow 
Transplant Research from 2004 to 2014. (a) Matched sibling donor, 
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Table 37.2 Cytogenetic risk groups for B-ALL [32]

Risk groups Cytogenetics
Good risk Hyperdiploidy (51–65 chromosomes; cases with 

trisomy of chromosomes 4,10, and 17 appear to have 
the most favorable outcome); t(12;21)(p13;q22): 
ETV6-RUNX1

Poor risk Hypodiploidy (<44 chromosomes); t(v;11q23):t(4;11) 
and other KMT2A rearranged t(-;11q23); t(9;22)
(q34;q11.2): BCR-ABL1 (defined as high risk in the 
pre-TKI era); complex karyotype (5 or more 
chromosomal abnormalities); Ph-like ALL; 
intrachromosomal amplification of chromosome 21 
(iAMP21)

L. Johnston



393

with standard-risk disease if they are enrolled in a clinical 
trial. Although autologous HCT is not routinely considered 
for patients with ALL, the advent of monitoring MRD and 
promising results with autologous HCT in the setting of 
MRD negativity has led the EBMT to consider autologous 
HCT in patients with MRD negativity or molecular remis-
sion in the setting of Philadelphia chromosome-positive dis-
ease and the use of tyrosine kinase inhibitors [23, 34]. 
Figure 37.7 shows the OS for adult ALL patients receiving a 
MSD or URD HCT reported to the CIBMTR from 2004 to 
2014 [5]. The outcomes among the nearly 10,000 adult 
patients receiving MSD and URD HCT were very similar. 
The 3-year OS after MSD in early ALL was 59%  ±  1%, 
intermediate was 38% ± 2%, and advanced was 27% ± 2%. 
The corresponding 3-year OS after URD HCT in early ALL 
was 57% ± 1%, intermediate was 37% ± 1%, and advanced 

was 24% ± 2%. As with AML, early disease was defined as 
first CR, intermediate disease as second or subsequent CR, 
and advanced disease as primary induction failure or active 
disease.

 Myelodysplastic Syndromes

Myelodysplastic syndromes (MDS) are a heterogeneous 
group of clonal hematopoietic cell (HC) neoplasms identi-
fied by dysmorphic morphology, one or more HC cytope-
nias, and risk of clonal evolution to AML [26]. The estimated 
incidence is greater than 10,000 cases per year in the USA 
with a median age of onset >70 years of age and increasing 
incidence with age [35]. Patients may be asymptomatic or 
present with signs of anemia such as pallor, weakness, and 
dyspnea on exertion. Often patients present with fatigue that 
does not correlate with the degree of anemia. Less frequently, 
patients may present with infections related to severe neutro-
penia or neutrophil dysfunction as well as bleeding due to 
severe thrombocytopenia or platelet dysfunction. Laboratory 
findings include anemia, neutropenia, thrombocytopenia, 
and evidence of dysmorphic blood cell features on the 
peripheral blood smear as well as the bone marrow. The 
prognosis of the patient with MDS is dependent on various 
prognostic markers as depicted in the International Prognostic 
Scoring System (IPSS) [36, 37]. The IPSS determines a 
prognostic risk group for patients at the time of diagnosis as 
low, intermediate-1, intermediate-2, and high risk, based on 
percentage of leukemic blasts in the bone marrow, cytoge-
netic abnormalities, and number of peripheral blood cytope-
nias. Although patients’ prognoses vary based on these 
features with OS ranging from months to many years, the 
only curative therapy for MDS is allogeneic HCT.  The 
appropriate time to proceed to HCT remains somewhat con-
troversial with a useful decision model developed to deter-
mine the benefit of proceeding to HCT at the time of 
diagnosis utilizing the IPSS [36, 38]. The decision model 
was designed to determine if transplant at diagnosis, after 
delay by several years, or at time of AML transformation was 
the optimal strategy. The decision model determined that 
proceeding to HCT at diagnosis in patients with Int-2- or 
high-risk disease was optimal, but awaiting evidence of 
AML transformation was optimal for patients with low and 
Int-1-risk disease. Since this decision model was proposed, 
there have been updated MDS prognostic scoring systems 
that refine expected survival and risk of AML, including the 
Revised IPSS and the World Health Organization Prognostic 
Scoring System (WPSS) [37, 39]. The R-IPSS and WPSS 
incorporate the degree of cytopenias and the need for trans-
fusion support, both which predict outcomes at diagnosis 
and throughout the disease in patients proceeding or not 
proceeding to HCT.  As expected, the disease-risk group 
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correlates with the outcome of HCT. Figure 37.8 shows the 
survival curves from patients receiving MSD and URD HCT 
reported to the CIBMTR from 2004 to 2014 [5]. As with 
AML and ALL, the 3-year OS is relatively similar between 
MSD and URD within each disease-risk group, 53% ± 2% 
and 49% ± 1% for recipients of sibling and unrelated donor 
transplants for early (refractory anemia or refractory anemia 
with ringed sideroblasts) or advanced (refractory anemia 
with excess of blasts) MDS, respectively, and 45% ± 1% and 
40% ± 1% for recipients with advanced (Int-2, high) MDS.

 Multiple Myeloma

Multiple myeloma accounts for approximately 10% of all 
hematologic malignancies with an incidence of 30,000 
cases per year in the USA and a median age of onset of 

66 years [40]. It is a hematologic disorder arising from the 
proliferation of clonal malignant plasma cells that produce 
an abnormal immunoglobulin protein [26]. The laboratory 
and clinical findings result from plasma cell proliferation 
and immunoglobulin overproduction leading to bone mar-
row suppression causing cytopenias; bone destruction 
causing fractures, bone pain, and hypercalcemia; and 
immunosuppression leading to infections and renal failure. 
Patients may be asymptomatic, with an incidental finding 
of anemia, or present with an unprovoked skeletal fracture 
or bone pain. Other symptoms may be related to hypercal-
cemia or renal failure including fatigue, altered mental sta-
tus, weight loss, and failure to thrive. A patient’s clinical 
course can vary from an indolent to highly aggressive 
course with survival ranging from over a decade to over 
5 years.

Although MM is an uncommon disease, it is by far the 
greatest indication for autologous HCT worldwide and has 
the highest autologous transplant activity as evidenced in 
the US and European registries (see Figs. 37.4 and 37.5) 
[5, 13]. Unlike other indications for HCT, autologous HCT 
is not pursued as a curative therapy, but as a consolidative 
treatment after conventional therapy with the goal of pro-
longing progression free (PFS) and OS. The most recently 
published phase III trials comparing autologous HCT to 
“current-day” chemotherapy in patients in first remission 
continue to show prolonged PFS and improved or similar 
OS with autologous HCT [41–43]; hence, it remains stan-
dard of care to offer autologous HCT in first remission or 
sensitive relapse,  typically up to the age of 70–75  years 
[23, 24]. Allogeneic HCT has been investigated in a tan-
dem fashion with autologous HCT followed by a nonmy-
eloablative regimens without consistent benefit in PFS or 
OS and with associated greater morbidity and mortality 
[44]; hence, allogeneic HCT is not pursued outside of a 
clinical trial. Figure  37.9 illustrates the positive trend in 
survival of MM patients receiving autologous HCT 
reported to the CIBMTR from 2001 to 2014 with the 
3-year overall survival increasing from 70% in 2001–2004 
to 78% in 2013–2014 [5]. The overall outlook of MM con-
tinues to improve with the most recent induction therapies 
reaching responses similarly to those seen with autologous 
HCT; hence, the future benefit of autologous HCT remains 
to be determined [45].

 Lymphoma

Lymphoma is comprised of multiple subsets of lymphomas 
characterized by their clinical, pathological, and genetic/
molecular features via the World Health Organization 
Classification [46]. The most common indications for HCT 
in lymphomas will be reviewed here.
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 Diffuse Large B-Cell Lymphoma
Diffuse large B-cell lymphoma (DLBCL) is one of the most 
common types of lymphoma, comprising approximately 
25% of all non-Hodgkin lymphomas (NHL) [47]. The inci-
dence is approximately 7 cases per 100,000 in the USA with 
a median age of 64 years. DLBCL is an aggressive malig-
nancy of large, transformed B lymphocytes that leads to dif-
fuse effacement of the normal lymph node or lymphatic 
organ. Patients present with symptoms related to rapid 
growth of lymph node masses. A third of patients have asso-
ciated systemic or B symptoms of weight loss, fevers, and 
drenching night sweats. Patients with DLBCL in first remis-
sion after conventional chemoimmunotherapy are likely to 
enjoy long-term disease-free survival, with the consideration 
of HCT only in the setting of incomplete response or relapse 
of disease [48]. In this latter setting, DLBCL is the second 
most common indication for HCT following MM (see 
Fig. 37.4). The majority of HCTs for DLBCL are autologous 
with the standard indication in the setting of chemotherapy- 
sensitive relapsed disease [23, 24, 49]. The benefit of con-
solidative autologous HCT compared to standard salvage 
therapy was initially demonstrated via the PARMA trial in 
1995, and it continues to be standard of care with PFS 
ranging from 30 to 70% compared to 10 to 15% without 
HCT [50, 51]. Allogeneic HCT is considered in patients 
with poorly responsive disease, either at initial presenta-
tion or upon relapse, and hence are typically patients with 
higher- risk disease compared to patients receiving autolo-
gous HCT. Allogeneic HCT is also considered an appro-
priate therapy in the setting of relapse after autologous 
HCT with multiple reports of prolonged survival following 
reduced intensity/nonmyeloablative allogeneic HCT [52]. 

Figure 37.10 shows the CIBMTR data of patients receiving 
autologous or MSD HCT for DLBCL from 2004 to 2014. 
The 3-year OS after autologous transplant was 65% ± 1% 
and 45% ± 2% for patients with chemosensitive and chemo-
resistant disease, respectively. The 3-year OS for patients 
receiving allogeneic HCT was 51% ± 2% and 27% ± 3% for 
patients with chemosensitive and chemoresistant disease, 
respectively.

 Follicular Lymphoma
Follicular lymphoma is the second most common NHL, 
comprising approximately 20% of NHLs with an estimated 
incidence of 3 cases per 100,000 people in the USA [47]. FL 
is also the most common indolent lymphoma defined by sur-
vival measured in years if untreated. The median age of onset 
is 65 years with the average life span greater than 15 years. 
FL is a malignancy of B lymphocytes that causes lymph 
node effacement leading to diffuse lymphadenopathy and 
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commonly associated with bone marrow infiltration. Patients 
are often asymptomatic at diagnosis with eventual need for 
treatment due to progressive lymphadenopathy and occa-
sional cytopenias due to the bone marrow infiltration [26]. 
Indication for HCT is beyond the first or second remission, 
in the setting of relapsed or refractory disease [23, 24]. As 
with MM, autologous HCT is not likely curative and is 
approached with the goal of prolonging PFS and OS and 
maintaining quality of life. Autologous HCT is considered 
for patients with chemotherapy-sensitive first or second 
relapse without a clear benefit in patients having failed three 
or more prior therapies [53, 54]. A somewhat unique situa-
tion in which autologous HCT may be utilized earlier in the 
treatment of FL is in the setting of transformation to a more 
aggressive histology, an event occurring at a predicted 3% 
risk per year from FL diagnosis [55]. Autologous HCT may 
offer long-term control of the more aggressive histology, 

however, with a more likely risk of persistent or recurrent, 
indolent FL histology in the future. Allogeneic HCT, how-
ever, does offer curative potential in FL and is an ideal indi-
cation for reduced intensity regimens, harnessing the 
immunologic benefits of the graft versus lymphoma effect 
without the morbidity and mortality of more aggressive HCT 
regimens [53, 56, 57]. One of the most promising reports 
comes from the MD Anderson experience reporting an 
11-year PFS of 78% in patients with recurrent and refractory 
FL, including patients having failed autologous HCT [56]. 
Figure  37.11 shows the survival curves for FL patients 
reported to the CIBMTR treated with autologous and alloge-
neic HCT from 2004 to 2014 [5]. The progressive decline in 
the survival curves in the autologous HCT group illustrates 
the lack of curative potential despite encouraging 3-year OS 
of 79% ± 1% and 65% ± 0.4% for patients with chemosensi-
tive and chemoresistant disease, respectively. On the other 
hand, the allogeneic HCT curves demonstrate plateaus and 
possible curative endpoints with 3-year OS ranging from 
43% to 72% for MSD and URD HCT in patients with che-
mosensitive and chemoresistant disease.

 Mantle Cell Lymphoma
Mantle cell lymphoma (MCL) is a relatively rare type of 
lymphoma with four to eight cases per million people, com-
prising approximately 7% of NHLs and a median age at 
diagnosis of 68 years [58]. MCL is also a B-cell neoplasm 
with a pathognomonic chromosomal abnormality of t(11;14) 
[26]. MCL most often presents with disseminated lymphade-
nopathy, occasional visceral organ involvement, such as the 
gastrointestinal tract, as well as the bone marrow. Patients 
may present without symptoms other than painless, swollen 
lymph nodes or an incidental pathologic finding on a routine 
colonoscopy. Others may have systemic complaints such as 
weight loss, fevers, and night sweats or rarely with a leuke-
mic phase noted on a peripheral blood smear. Although MCL 
is much less common than FL, the CIBMTR reports a similar 
number of patients undergoing HCT for MCL as FL in the 
USA [5]. Dissimilar to FL, MCL has a more aggressive 
course in the majority of patients, and if left untreated, 
patients may die of their disease within a few years of diag-
nosis [59]. Autologous HCT is the standard approach for 
transplant eligible patients (typically less than 60–65 years) 
in first CR [23, 24, 60], and similarly to FL, a lack of plateau 
in the OS curve depicts the likely noncurative potential of 
autologous HCT albeit with a 3-year OS of 79% (see 
Fig.  37.12) [5]. Allogeneic HCT is indicated for patients 
with relapse after intensive induction, refractory to intensive 
induction, or failure of autologous HCT with 3-year OS of 
53%. The possibility of curative potential is evidenced by the 
plateau in the survival curve, again similar to FL undergoing 
allogeneic HCT [5].
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 Hodgkin Lymphoma
Classical Hodgkin lymphoma (HL) is a distinct entity from 
NHL comprising 10% of all lymphomas and with an estimated 
8300 new cases in 2017 [25]. It is derived from a mature B 
lymphocyte with loss of most of the B-cell-specific expression 
profile. As with other lymphomas, HL disease manifests with 
lymph node replacement and occasional involvement of extra-
nodal sites [26]. Classical HL refers to four subgroups with the 
most common being nodular sclerosing HL, 70% of all classi-
cal HL in the USA and Europe [61]. Classical HL has two 
peak median ages of onset, at approximately 20  years and 
65 years. The most common presenting symptom is painless 
swelling above the diaphragm corresponding to the area of 
lymphadenopathy. Less frequently patients may have fevers, 
weight loss, or drenching night sweats. Somewhat unique to 
HL is unexplained diffuse pruritus as well as a rare association 
of pain in an affected lymph node after ingestion of alcohol. 
By far the majority of patients will be cured with their initial 
conventional therapy. Autologous HCT is pursued with cura-
tive intent and indicated for patients with first relapse or pri-
mary refractory HL [24, 46] with the outcome dependent on 
pre-transplant characteristics. The CIBMTR identified four 
adverse prognostic factors (Karnofsky performance score <90, 
chemotherapy resistance at time of HCT, number of prior che-
motherapy regimens, and extranodal disease at time of HCT) 
that defined three risk groups with 4-year PFS ranging from 
42% to 71% [62]. Allogeneic HCT is indicated for patients 
with refractory disease as well as for patients with relapse 
post- autologous HCT, also with curative intent [23, 24]. 
Figure 37.13 illustrates the outcomes of HL patients receiving 
autologous and allogeneic HCT reported to the CIBMTR 
from 2004 to 2014 [5].

 Aplastic Anemia
Aplastic anemia (AA) is a life-threatening form of bone mar-
row failure and, if untreated, leads to death within 1 year [63]. 
Severe AA is characterized by absence of red blood cells, neu-
trophils, monocytes, and platelets and their respective precur-
sors in the bone marrow. Laboratory data identify profound 
anemia, neutropenia, and thrombocytopenia with a bone mar-
row devoid of hematopoietic elements. Patients present with 
symptoms of anemia including fatigue, weakness, dizziness; 
symptoms of thrombocytopenia with gum and nose bleeding, 
easy bruising, and rash (petechiae); and infections. The major-
ity of AA cases present without a precipitating cause; however, 
AA may occur following a viral illness, exposure to toxic 
chemicals, medications, or an associated autoimmune or con-
nective tissue disorder. As a rare disease, with an incidence of 
two per million per year, it is a relatively uncommon indication 
for allogeneic HCT and never an indication for autologous 
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HCT. However, severe AA is one of the few, if not only, dis-
eases, in which allogeneic HCT is the standard of care at the 
time of diagnosis for an individual <40–50 years of age with a 
MSD or MURD [23, 24, 64]. Age impacts outcome of HCT 
with review of over 1300 patients transplanted between 1991 
and 2004 reported by the CIBMTR showing 5-year survival of 
82% if younger than 20 years of age, 72% for those 20–40 years 
of age, and approximately 50% for those older than 40 years 
with a MSD [65]. The EBMT reported similar outcomes for 
patients 30–40 years and 40–50 years of age with MSDs, how-
ever, with need to carefully consider comorbidities as well as 
the preparative regimen utilized to minimize the regimen- 
related toxicities [66]. The EBMT has also reported similar 
outcomes for adults receiving MSD versus MURD in the more 
recent era; hence, it is the standard of care to consider URD 
BMT as a first-line therapy for the younger patients including 
younger adults [67]. For patients greater than 40–50 years of 
age or without a MSD or MURD, allogeneic HCT is indicated 
as a second-line therapy, after failure of standard immunosup-
pressive therapy [23, 24, 64]; however, outcomes of HCT in 
these clinical settings are also improving with consideration for 
HCT earlier in diagnosis likely becoming more frequent in the 
near future. The CIBMTR data for AA adult patients trans-
planted from 2004 to 2014 are shown in Fig. 37.14 supporting 
the excellent outcomes for recipients of a MSD or an URD 
with 3-year OS of 78% ± 1% and 67% ± 2%, respectively [5].

Conclusions
The indications for HCT reviewed above comprise approx-
imately 75% and nearly 90% of adult patients receiving 
allogeneic and autologous HCT, respectively [5, 13]. We 
are now well beyond the millionth HCT worldwide with 
the population of patients considered for HCT continuing 

to expand. The extension of donor sources, reduction in 
regimen-related toxicities, and improvements in pre-trans-
plant risk assessment allow us to offer the curative poten-
tial of HCT to the patient population of greatest likelihood 
to have these diagnoses.
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Mental Health Prior to Hematopoietic 
Cell Transplantation

Sheila Lahijani

 Introduction

The estimated annual combined incidence of leukemia, 
lymphoma, and multiple myeloma in the United States (US) 
is about 173,000, which is approximately 10% of all cancers 
[1]. Myelodysplastic syndrome (MDS) consists of stem cell 
disorders characterized by ineffective hematopoiesis with 
cytopenias and progression to leukemia in one third of 
cases; MDS is diagnosed annually in about 10,000 people in 
the United States [2, 3]. These blood dyscrasias may affect 
children, young adults, and those older than 65 years of age. 
Over time, cure rates have increased as has prolonged sur-
vival due to novel treatment regimens that can accompany 
hematopoietic cell transplant (HCT). HCT, which is 
discussed in Chaps. 37 and 40, is a potentially curative 
treatment involving the transplantation of stem cells from a 
donor (allogeneic) or from the patient (autologous). 
Approximately 20,000 HCTs are performed each year in the 
United States. The annual number of allogeneic transplant 
recipients has surpassed 8000 per year in the United States 
since 2013; the number of autologous transplant recipients 
has increased at a faster rate due to transplants being 
performed with reduced intensity regimens for plasma cell 
and lymphoproliferative disorders in older adults [4, 5]. 
Psychosocial distress and comorbid psychiatric symptoms 
and/or disorders in individuals with blood dyscrasias are 
common and may be greater in severity than the general 
population without cancer. Distress is a term used to describe 
the array of psychiatric symptoms and psychosocial issues 
that transplant recipients experience specific to the disease 
and transplant. Symptoms of distress are assessed to be the 
most intense before transplantation and over time can 
improve or resolve [6]. Adjustment, depressive, and anxiety 
disorders are most common in patients with cancer [7]. Of 

notable concern is worsening of psychiatric symptoms in 
individuals with preexisting psychiatric disorders who 
develop hematologic malignancies and need to undergo 
HCT. In this patient population, there is particular consider-
ation for medication nonadherence, drug-drug interactions, 
and drug-disease interactions [8].

Individuals with psychiatric issues are at risk for worse 
health outcomes, longer hospitalizations, and increased mor-
tality [9, 10]. In patients undergoing HCT, mental health sta-
bility is of paramount importance given the associated 
physical and psychological factors associated with HCT and 
post-transplant sequelae, such as infection and graft versus 
host disease (GVHD). Psychological distress and alterations 
in thinking are common in these patient population who are 
often in isolation in the hospitalized setting [11]. Patients 
experience additional disruptions to their lives when being 
separated from their support systems, experiencing financial 
problems, having housing concerns, and dealing with other 
life stressors in the setting of illness. Among psychosocial 
risk factors, those associated with negative outcomes follow-
ing transplantation include limited social support, history of 
poor adherence, comorbid untreated psychiatric disorder, 
use of avoidance-based coping, and active substance use 
[12]. Therefore, given the wide range of distress with which 
individuals may present, the screening, diagnosis, treatment 
of psychiatric symptoms, and disorders should be routinely 
provided to this patient population by a cross-disciplinary 
collaborative approach.

 Psychiatric Symptoms and Disorders

 Anxiety

 While anxiety disorders in the DSM-5 include their own diag-
nostic criteria, the shared feature is heightened distress related 
to a threat and efforts to avoid or flee from the perceived dan-
ger [13]. The prevalence of anxiety in patients with cancer var-
ies from  approximately 10–30% given variable assessment 

S. Lahijani  
Department of Psychiatry and Behavioral Sciences, Stanford 
University School of Medicine, Palo Alto, CA, USA
e-mail: lahijani@stanford.edu

38

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_38&domain=pdf
mailto:lahijani@stanford.edu


402

methods [14]. People may experience anxiety symptoms 
from the onset of diagnosis and throughout the illness experi-
ence with  shifts in  roles, changes in  functioning, financial 
stressors, and existential inquires. Anxiety may present as new 
symptom in these transitions or be reactivated from the past 
with  the  diagnosis of  cancer [15]. Furthermore, patients 
with cancer may experience many factors related to the dis-
ease and associated with the treatment. In addition, medica-
tions, such as  corticosteroids and  antiemetics, as  well 
as comorbid medical problems, such as a pulmonary embo-
lism, may present as  anxiety. Irrespective of  the  etiology, 
the presence of anxiety, especially in the form of a disorder, 
may negatively impact patients’ quality of  life (QOL) 
and  treatment outcomes (Fig.  38.1). Thus, the  screening, 
assessment, and  treatment of  anxiety disorders in  patients 
with  hematological malignancy is critical to  comprehensive 
cancer care both for hospitalized patients and those undergo-
ing outpatient evaluations for HCT. In a large 3-year prospec-
tive study of  hospitalized patients undergoing HCT using 
the Hospital Anxiety and Depression Scale (HADS), anxiety 
was found to be the highest at the beginning of the hospitaliza-
tion. This was related to the uncertainty and the fear undergo-
ing the HCT, an aggressive medical therapy [16]. Guidelines 
from the American Society of Clinical Oncology recommend 
periodic screening for  anxiety in  patients with  cancer 
with the use of screening tools and referral to mental health 
providers as clinically indicated [17] (Table 38.1).

 Depression

In a survey by the World Health Organization (WHO), 9.3–
23% of participants with one or more chronic medical prob-
lem also had comorbid depression; depression had the largest 
impact on worsening mean health scores and increasing dis-
ability compared with other chronic conditions [18]. In a 
meta-analysis of 94 studies, the prevalence of depression in 
the cancer setting was 38% [14]. Depression in cancer is 
associated with greater physical, social, and existential dis-
tress and with measurable reductions in QOL [19]. 
Furthermore, depression in patients with advanced cancer 
may be associated with higher symptom burden [20].

Many factors may contribute to depression in patients 
with hematological malignancies. These include poor symp-
tom control (e.g., mucositis), comorbid neurological disor-
ders (e.g., cognitive impairment), and metabolic disorders 
(e.g., thyroid dysfunction). Cytotoxic therapies, disruptions 
in the hypothalamic pituitary adrenal axis, increases in pro-
inflammatory cytokines, and paraneoplastic syndromes may 
also contribute to depressive symptoms in this patient popu-
lation. Thus, it is important to note that comorbid medical 
disorders and/or treatments or symptoms associated with 
hematological malignancies (e.g., weakness, fatigue) can 
make it difficult to diagnose depressive disorders. Therefore, 
identifying risk factors for depressive disorders in this patient 
population is important for prevention and early diagnosis 
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and treatment of depression. Additional contributory factors 
can be categorized into two groups: (1) general predisposing 
factors for depression and (2) psychosocial and personality 
factors. Past history of depression, family history of depres-
sion, and poor social support are among general predispos-
ing factors for depressions. These have been associated with 
inflammatory responses in the brain. Personality factors also 
have been studied; Type D personality, characterized by neg-
ative affectivity and social inhibition, has been associated 
with worse mental health. However, studies have shown vari-
able association between these biological and nonbiological 
factors [21]. In a recent multicenter study, a diagnosis of pre-
HCT depression was associated with lower overall survival, 
higher risk of acute GVHD, and less days spent alive and out 
of the hospital during the first 100  days after HCT.  These 
findings highlight the impact of pre-HCT depression on 
post-HCT outcomes and further identify the need for psy-
chosocial assessments of patients with hematological malig-
nancies prior to undergoing HCT [22].

 Demoralization

Demoralization is a term and concept introduced many 
years ago by Jerome Frank that recently has been described 
as a specific clinical entity in the oncology setting. 
Demoralization is characterized by existential despair, 
hopelessness, helplessness, and a subjective personal failure 
to achieve one’s goals. It is associated with the loss of mean-
ing and purpose in life. As a syndrome, it must persist for at 
least 2  weeks without the presence of a major psychiatric 
episode. Demoralization may be viewed as a spectrum that 

encompasses disheartenment, despondency, despair, and ful-
minant demoralization syndrome, the last of which causes 
significant functional impairment [23–25]. There are two 
dominant measures of demoralization: a structured interview 
called the Diagnostic Criteria for Psychosomatic Research 
(DCPR) and the Demoralization Scale (DS), which is a self-
report questionnaire [23.24]. Validation of the DS has 
allowed the estimation of demoralization among cancer 
patients to be 16% [26].

More recently, the Demoralization Scale-II was created as 
a self-report measure of demoralization consisting of 16 
items and 2 subscales (meaning and purpose, distress and 
coping ability) [27]. Demoralization is clinically separate 
from depressive disorders, has a high prevalence in medical 
disorders, and, therefore, needs to be evaluated, measured, 
and treated during the course of the cancer illness experi-
ence. Differentiating between demoralization and depressive 
disorders is important for treatment planning and alignment 
of goals between providers and patients. Analyses of current 
measures of demoralization demonstrate that demoralization 
should be considered as a significant clinical entity in cancer 
settings to improve QOL [28]. In a longitudinal study of 
patients with acute leukemia evaluating physical and psy-
chological well-being, depression, hopelessness, and demor-
alization were distinguished, and further investigation was 
recommended to evaluate, diagnose, and manage this dis-
tress in patients with leukemia [29]. With respect to demor-
alization in patients with cancer, a recent study showed an 
association with a significantly increased risk for suicidal 
ideation, further highlighting the importance of psychiatric 
evaluations of patients with hematologic malignancies [30].

 Suicide

Compared to the general population, individuals with cancer 
are at higher risk of suicide [31]. In a retrospective cohort 
study, there was a two times higher incidence of suicide in 
those with cancer compared to those without cancer. Patients 
were 13 times more likely to commit suicide within 1 week 
of receiving a cancer diagnosis. Patients were three times 
more likely to commit suicide within 1 year of cancer diag-
nosis than the general population [32]. Studies including 
individuals with hematological malignancies also have 
reported an increased risk of suicide [31, 33]. The risk of 
attempted and completed suicide was evaluated in a large 
population-based Swedish cohort study of over 40,000 
patients diagnosed with lymphoma, myeloma, and leukemia. 
Patients with a hematological malignancy had a two times 
higher risk of completed suicide compared to those without 
cancer. A history of severe mental illness and a history of 
attempted suicide before diagnosis were associated with 
higher risk, although the overall greater risk of suicide was 

Table 38.1 Categories of anxiety disorders in patients with hemato-
logical malignancies

Anxiety disorders in hematological malignancies
Primary psychiatric 
disorders

Generalized anxiety disorder
Panic disorder
Agoraphobia and other phobias
Social anxiety disorder
Obsessive-compulsive disorder
Acute stress disorder
Post-traumatic stress disorder
Adjustment disorder with anxiety

Substance-induced anxiety 
disorder

Corticosteroids
Antiemetics
Stimulants
Anticholinergics
Withdrawal from nicotine, alcohol, 
benzodiazepines

Anxiety disorders due to 
medical condition

Somatic symptoms: Nausea, 
vomiting, pain
Thyroid dysfunction
Electrolyte derangements  
(e.g., hypercalcemia)
Pulmonary embolism
Pulmonary effusions
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not isolated to this group. The risk was highest within the 
first 3 months following diagnosis, and a 1.7-fold increase in 
risk of completed suicide remained after the first year of 
diagnosis. The findings of this study suggest an increase in 
suicidal intent in those with hematological malignancy [34].

In another large population-based study, patients with 
hematological malignancies were again found to be at 
increased risk for completed suicide and suicide attempt, 
particularly those with preexisting depressive disorders and 
alcohol use disorders [35]. Therefore, early identification of 
high-risk patients immediately after diagnosis and during 
follow-up is important as a preventative measure for suicide 
risk. These findings emphasize the need for multidisciplinary 
teams, psychiatric evaluations, and treatment to improve 
QOL measures and also to decrease the risk of suicide in 
patients with hematological malignancies.

 Delirium

Delirium is a neurobehavioral syndrome characterized by 
alterations in awareness, attention, cognition, language, and 
perception that is an abrupt change from the person’s baseline 
due to a variety of endocrinologic, immunologic, neuroinflam-
matory, neurologic, and/or metabolic effects [36]. It is associ-
ated with increased morbidity and mortality, longer length of 
hospitalization, higher health-care costs, and distress among 
patients and their families. Delirium is a very common neuro-
psychiatric presentation in patients with cancer. Despite a 
prevalence of 10–30%, delirium continues to be underdiag-
nosed and untreated in patients hospitalized with cancer [37].

In patients with hematological malignancies, several pre-
transplantation risk factors for delirium have been identified. 
These include lower pre-transplant renal, hepatic and cogni-
tive functioning, acute leukemia, total body irradiation, and 
prior substance use. Additionally, chemotherapy-related hor-
monal changes in females and hypermagnesemia have been 
associated with a higher delirium risk. The diagnosis and 
treatment of delirium prior to HCT may reduce the risk and 
severity of delirium after HCT [38]. In a study by Fann, et al., 
potentially modifiable pre-transplantation risk factors were 
liver dysfunction, dehydration, and renal dysfunction. Pain 
control and judicious use of opioid medications were associ-
ated with lower risk of delirium. Identifying risk factors for 
delirium symptom severity is important in decreasing the 
morbidity from delirium before, during, and after HCT [39].

 Somatic Symptoms

 Pain
In cancer, pain is a multidimensional experience of physical 
symptoms, personality factors, cognition, and social and 
behavioral relations. The experience of pain may change 

over the course of the cancer illness experience. A patient 
with cancer who has pain can be best treated when all of the 
different aspects of the pain are considered and addressed 
[40]. In patients with hematological malignancies, oral 
mucositis is among the most debilitating side effects of mye-
loablative therapy prior to HCT. Mucositis results from dam-
age to mucosal epithelium of the mouth and throat with 
activation of proinflammatory cytokines in the submucosa, 
leading to oral ulceration. Oral mucositis can impact all 
aspects of QOL and interfere with daily activities, such as 
talking, eating, swallowing, and sleeping. The Oral Mucositis 
Daily Questionnaire (OMDQ) is a valid and reliable tool that 
can be used to measure mucositis severity. Treatment of 
mucositis includes basic oral care, anti-inflammatory agents, 
anesthetic agents, coating agents, and antimicrobials [41, 
42]. Other types of pain in patients with blood dyscrasias 
include bone pain, paresthesias, treatment-related pain, 
infection-related pain, and skeletal lesions. Both preventa-
tive and interventional measures should be implemented to 
optimize the pain management of patients prior to undergo-
ing HCT.  Nonpharmacological and pharmacological treat-
ments can be of particular benefit, and patient-related 
variables, such as performance status, comorbidities (includ-
ing psychiatric illness), and concurrent medications should 
be considered when making clinical decisions about treat-
ment [43, 44]. Research over the years has demonstrated that 
depression, anxiety, distress, and lower QOL are associated 
with greater levels of pain in patients with cancer. Using a 
biopsychosocial approach when evaluating pain can elicit 
such contributory factors and better delineate pain manage-
ment options [45].

 Fatigue
Fatigue in cancer is a persistent, subjective experience of 
physical, emotional, and/or cognitive tiredness or exhaus-
tion related to cancer or cancer treatment which is dispro-
portionate to activity and interferes with usual functioning. 
Fatigue is a highly distressing symptom of cancer and is 
associated with decreased QOL and significant psychologi-
cal and functional morbidity [46]. Severe fatigue has been 
reported more frequently in patients with hematologic 
malignancies than in those with solid tumors. Fatigue may 
be a presenting symptom at time of diagnosis of a hemato-
logic malignancy; “B” symptoms of lymphoma include 
fatigue. A major contributor to increased fatigue and dimin-
ished QOL is anemia related to both the disease state and 
treatments. Other mechanisms, such as endocrine changes, 
physical deconditioning, impaired sleep, and alterations in 
cytokines, also have been proposed [47]. Physical exercise 
has been studied and recommended as an intervention for 
patients who will undergo HCT to improve physical activ-
ity, performance status, and quality of life [48, 49]. 
Managing psychiatric symptoms, anemia, metabolic 
derangements, and any nutritional deficiencies can improve 
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the severity of fatigue. Psychopharmacologic agents should 
be considered, particularly in cases where a patient’s func-
tional status is compromised prior to transplant [46, 50].

 Sleep
Sleep disorders, such as difficulty falling asleep, difficulty 
maintaining sleep, early awakening, and daytime sleepiness, 
are prevalent among patients with cancer. Sleep in patients 
with cancer may be impacted by a number of factors, includ-
ing anxiety, depression, pain, and fatigue and may be related 
to biochemical changes associated with cancer and antineo-
plastic treatment [51].

Reasons for sleep disorders include thinking, pain or dis-
comfort, concerns about health, concerns about family or 
friends, cancer diagnosis, physical effects of cancer, and 
concerns about finances [52].

Sleep disturbances and insomnia co-occur in symptom 
clusters in patients with cancer. The presence of symptom 
comorbidity in cancer may be related to underlying inflam-
matory processes common to all of them. The maintenance 
of circadian rhythms and consistent sleep wake patterns can 
reduce depressive symptomatology, improve overall percep-
tion of quality of life, and potentially improve outcomes and 
survival. Individuals with insomnia demonstrate cognitive, 
physiological, and cortical hyperarousal, cognitive patterns, 
and attentional biases. Cognitive behavioral therapy for 
insomnia (CBT-I) is a multimodal intervention to address 
these contributory factors. CBT-I has five main components: 
sleep restriction, stimulus control, sleep hygiene, cognitive 
restructuring, and relaxation training. A review of the litera-
ture has showed that CBT-I is associated with statistically 
and clinically significant improvements in subjective sleep 
outcomes in patients with cancer. CBT-I also may improve 
mood, fatigue, and quality of life during and after cancer 
treatment [53]. Pharmacologic interventions for sleep have 
not been adequately studied in patients with cancer. While 
they should be offered when indicated, caution must be exer-
cised when prescribing these agents due to the potential for 
increased sedation, drug-drug interactions, delirium, and/or 
dependency.

 Evaluation and Diagnosis

 Screening

Major depression, minor depression, anxiety disorders, and 
adjustment disorders are among the most common psychiat-
ric presentations in patients with cancer. A clinically signifi-
cant mood disorder can be predicted in four in ten patients 
early in their disease course [14]. Many patients also experi-
ence emotional difficulty after a cancer diagnosis but do not 
meet criteria for a DSM-V disorder. The concept of distress 
has garnered popularity as the sixth vital sign, following 

temperature, blood pressure, pulse, respiratory rate, and 
pain. The National Comprehensive Cancer Network (NCCN) 
has established distress management guidelines and defined 
distress as the “multifactorial unpleasant emotional experi-
ence of a psychological (cognitive, behavioral, emotional), 
social, and/or spiritual nature that may interfere with the 
ability to cope effectively with cancer, its physical symptoms 
and its treatment” [54, 55]. NCCN and other national guide-
lines promote the need for integrated psychosocial care and 
the use of psychometric assessments to help clinicians iden-
tify emotional problems in patients with cancers. 
Psychometric assessment would contribute to ruling out 
patients who do not need professional help (screening) and 
confirming the presence of a treatment psychiatric disorder 
(case finding). Psychometric assessment also would help 
quantify the severity of the disorder while monitoring for 
response to treatment [56].

The American College of Surgeons has established the 
Commission on Cancer’s Cancer Program Standards which 
includes a process to integrate and monitor psychosocial dis-
tress screening and referral for the provision of psychosocial 
care. The standards require that all cancer patients be 
screened for distress a minimum of one time at a pivotal 
medical visit as determined by the program. The method of 
screening must utilize the expertise of physicians who can 
administer and interpret the screening tool. The tool used to 
screen should be a standardized, validated instrument. The 
distress screening then is to be discussed with the patient at 
the medical visit which may prompt a referral to a mental 
health provider [57].

Using the distress thermometer or asking a patient “are 
you worried?” or “are you depressed?” is a simple way to 
assess distress or anxiety [58, 59]. Screening for psychiatric 
symptoms and disorders in patients with cancer may include 
the use of a reliable, validated screening questionnaire or 
tool, of which there are many. The Generalized Anxiety 
Disorder-7 scale (GAD-7) and the Patient Health 
Questionnaire-9 (PHQ-9) are widely validated and used 
measures in medical populations [60, 61]. The Hospital 
Anxiety and Depression Scale (HADS) is the most exten-
sively validated scale for screening emotional distress in 
patients with cancer. The thresholds for clinical decision-
making vary widely, however, across studies [62]. A system-
atic review of assessment instruments to measure emotional 
distress in patients with cancer demonstrated the utility of 
both the HADS and the Center for Epidemiologic Studies 
Depression Scale (CES-D). The reviewers emphasized the 
importance of using short tools for screening of patients who 
undergo strenuous treatments, such as those with hemato-
logic malignancies. Shorter tools may be better implemented 
in the setting of hospitalization prior to HCT [63]. While 
there are ongoing efforts to improve psychometric assess-
ments for patients with cancer, such as the National Institute 
of Health project Patient-Reported Outcomes Measurement 
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Information System network, the standard for psychosocial 
evaluation of patients with cancer continues to be structured 
clinical interviews (Fig. 38.2).

 Psychiatric Interview and Exam

Once a patient with a hematologic malignancy is determined 
by having signs of emotional distress, depression, anxiety, or 
another psychiatric symptom, a psychiatric assessment is 
considered the next step. Many dimensions of a person’s 
psychological symptoms may be explored further with a 
clinical interview. The aim of a standard psychiatric inter-
view and exam would be to establish whether or not there is 
a psychiatric disorder or another condition requiring clinical 
psychiatric and/or psychosocial attention. During the exam, 
clinical data is collected to support a differential diagnosis 
and a comprehensive formulation. The formulation may 
include the clinical diagnosis which can be derived from the 
DSM-V.  There also may be a discussion about other vari-
ables in the patient’s presentation, including coping and 
attachment, vulnerabilities, strengths, history of life events, 
and social support. Factors affecting the individual with can-
cer distinct from the clinical diagnosis may describe further 
the individual’s psychosocial suffering [64].

 Quality of Life
Several domains of health-related QOL have been studied in 
patients treated with auto-HCT and allo-HCT. These include 
biomedical functioning (symptoms, disease, treatment), 
physical functioning (activities of daily living, sleep, fatigue), 
psychological functioning (cognitive, emotional, psychiatric 
symptoms), social functioning (social relations, support, 
education, socioeconomic status, work), and sexual func-
tioning. Low social support and psychological distress prior 
to HCT have been identified to be predictors of diminished 
health-related QOL following HCT.  Therefore, identifying 
factors that predict health-related QOL following HCT is 
important in understanding the ways patients may adapt to 
the consequences of the disease and treatment, such as result-
ing GVHD [65]. QOL assessments completed by 
patients before HCT have shown a strong association with 

post-transplant physical and psychological functioning and 
also shown to be a strong independent predictor of post-HCT 
self-reported recovery through the first year [66]. Associations 
among psychosocial distress, coping responses, and QOL 
indicate that poor psychosocial functioning pre-HCT 
increases the likelihood of impaired QOL across the illness 
experience. Therefore, those who are more vulnerable should 
be identified and offered interventions earlier to help influ-
ence post-HCT outcomes [67]. A longitudinal study of QOL 
and physical and psychological symptoms experienced by 
patients with hematologic malignancies hospitalized for 
HCT and also their caregivers demonstrated the importance 
of addressing pre-HCT QOL, anxiety, depression, and 
fatigue in patients and offering psychiatric interventions 
where indicated. Additionally, the distress experienced by 
patients’ caregivers was highlighted as another opportunity 
for supportive care interventions [68].

 Social Support
The role of social support on the impact of illness has been 
extensively studied. Social support is believed to affect 
health in three ways: (1) regulating thoughts, feelings, and 
behaviors to promote health, (2) fostering an individual’s 
sense of meaning in life, and (3) facilitating health-promot-
ing behaviors. Supportive relationships have been identified 
in the literature as an important component in the adjustment 
and psychosocial functioning of patients with cancer. In 
patients who undergo HCT, social support has been associ-
ated with significantly better psychosocial adjustment [69]. 
The use of the Psychosocial Assessment of Candidates for 
Transplantation (PACT) scale has been studied in patients 
with hematological malignancies undergoing allo-HCT. 
“Family or support system availability” was identified as an 
important subscale and associated with a decreased risk of 
mortality [70]. Social support, self-efficacy, and optimism 
before HCT have been associated with health-related QOL 
after HCT. Prior to HCT, patients may be offered a list of 
support groups, educational resources, and online support 
and also be encouraged to identify family, friends, and exist-
ing members of their community for support [71].

Caregivers for patients with hematologic malignancies 
are expected to provide extensive support throughout the ill-
ness and transplant. Caregivers and patients may experience 
changes in employment, housing, and shifts in roles. 
Caregivers are tasked with a variety of responsibilities related 
to providing medical support (e.g., monitoring and adminis-
tering medications) and navigating logistical challenges 
(e.g., transportation). A review of the literature demonstrated 
that psychosocial distress among HCT caregivers is highest 
pre-HCT and decreases over time. Factors associated with 
this distress include being a female caregiver, higher levels 
of subjective burden, and higher symptom distress in the 
patient. Caregivers for patients undergoing HCT experience 

Mood: anxiety, depression
Demoralization: lack of meaning,
existential angst, helplessness

Somatic Symptoms: pain, fatigue,
nausea, vomiting, weakness

Cognitive: memory problems, poor
concentration, impaired attention

Psychosocial
distress

Fig. 38.2 Examples and sources of psychosocial distress
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uncertainty while adapting to changing roles and needing to 
balance their own needs with the patients’ needs [72].

Studies suggest that rates of distress for caregivers fol-
lowing HCT may be the same as or greater than that of the 
patients in the immediate post-HCT period. Offering educa-
tional interventions and problem-solving therapy has dem-
onstrated benefit in reducing caregiver distress and dyadic 
distress between the patient and his/her caregiver [73]. In a 
multicenter longitudinal study, the dyadic coping of patients 
with hematologic malignancies and their partners was inves-
tigated using the SF-12 questionnaire for QOL and the 
Dyadic Coping Inventory (DCI). Baseline QOL was the 
strongest predictor of physical and mental QOL for patients 
and their partners. Analyses of the DCI suggested the impor-
tance of incorporating patients’ partners in a systematic way 
to help improve understanding of illness, improve compli-
ance, and strengthen psychosocial adjustment [74].

 Financial Burden
The national cost of cancer care is expected to increase due 
to adoption of more expensive targeted treatments as stan-
dard of care. Additionally, as the population ages, the impact 
on cancer prevalence may exceed the impact of declining 
cancer incidence rates for some cancers. This will result in 
an increase in both the number of cancer survivors and can-
cer expenditures [75]. As the number of patients with cancer 
in the United States increases, the numbers of patients with 
cancer who are treated with chemotherapy and diagnosed 
with neutropenia are also expected to rise. In patients with 
hematologic malignancies, patients face hospitalizations for 
cancer-related neutropenia and associated infections. 
Hospitalizations related to neutropenic complications result 
in significant medical costs, longer lengths of hospital stay, 
morbidity, and mortality [76].

The term “financial toxicity” is used to describe the finan-
cial hardship as a result of cancer diagnosis and treatment. 
Financial toxicity encompasses adverse economic conse-
quences due to medical treatment that may result in nonad-
herence and lifestyle changes for patients, impacting their 
QOL and increasing the morbidity and mortality of treat-
ments. Higher costs of newer treatment, more out of pocket 
costs, barriers in communication about costs, and medical 
comorbidities are cited as sources of increased financial tox-
icity in patients with hematological malignancies. One area 
of intervention, therefore, may be increasing communication 
between providers and patients to influence shared decision-
making, health behaviors, and health outcomes [77].

 Unmet Psychosocial Needs
A particular area of importance in patients with hematologic 
malignancies is unmet psychosocial needs. Psychosocial 
needs relate to a desire or requirement for support or help 
that underlies a patient’s emotional or psychological welfare. 

Examples include maintaining a sense of identity, body 
image, spirituality, relationships, social support, or practical 
issues related to a patient’s illness experience. These needs 
are underreported to clinicians and may be left unacknowl-
edged. In patients with hematological malignancies, the 
manner and setting in which treatment is received can differ 
from those diagnosed with solid tumors. Treatment is inten-
sive, carries a high burden of illness, and can impact a 
patient’s social, occupational, and family functioning. Data 
shows that fear of recurrence, needs relating to information, 
psychological needs, and fertility issues are unmet psychoso-
cial needs in patients with hematological malignancies [78]. 
Currently, there is a lack of randomized trials of psychoso-
cial interventions to address unmet psychosocial needs of 
these patients. Challenges are related to underutilized screen-
ing guidelines and tools in addition to lack of time allocated 
for managing these unmet needs. Increased efforts to screen 
for unmet needs in this population of patients would contrib-
ute to developing evidence-based interventions [79].

 Special Considerations

 Sexuality and Fertility

Patients with hematologic malignancies undergo treatments 
that affect body image, sexual function, hormone levels, and 
reproductivity. Myeloablative regimens cause loss of ovarian 
function and sexual dysfunction. High-dose conditioning 
regimens of HCT cause gonadal and hormonal dysfunction 
[73]. The deterioration in fertility potential may be tempo-
rary or permanent. Fertility issues and difficulties related to 
sexuality span the illness experience and thus may impact 
the mental welfare of patients who are pre-HCT. Biological 
factors (e.g., treatment related), behavioral factors (e.g., 
medical prohibitions on sexual activity), relational issues 
(e.g., partner response to sexual changes), and psychological 
factors (e.g., sexual esteem) all contribute to compromised 
sexuality. The review of literature demonstrates that those 
who will receive HCT may experience long-term sexual 
problems, including decreased libido, decreased sexual 
activity, genital changes, erectile and/or ejaculatory dysfunc-
tion, and altered sexual appearance. Measures should be con-
sidered for sexual health counseling and fertility preservation 
in patients with hematological malignancies [80–82].

 Substance Use Disorders

All aspects of the cancer illness experience can be impacted 
by the use of substances and substance use disorders (SUD). 
Illicit drug or alcohol use disorders can cause nonadherence 
to potentially life-saving treatments. SUD can affect pain 
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management and increase morbidity and mortality. It has 
remained a challenge to diagnose SUDs in patients with can-
cer partly due to underdiagnosis. Patients with cancer with 
historic or current SUD may participate in aberrant drug-
taking behavior which may prompt a treatment team to con-
sult a psycho-oncologist. Prescription drug abuse, including 
opioids, may complicate pain management and compromise 
both medical and psychiatric stability. Tobacco use disorders 
have been shown to impact HCT outcomes, thus inferring 
the need for tobacco use cessation. A multidisciplinary 
approach for pain and symptom management is recom-
mended in patients with cancer who have SUD [83–85].

 Decision-Making Capacity

Patients with cancer may have comorbid cognitive difficul-
ties, dementia, or delirium related to a premorbid history of 
neuropsychiatric problems or as a consequence of the cancer 
and associated treatment. While screening measures and 
assessment tools are available, a diagnostic evaluation by a 
trained expert, such as a psychiatrist, would facilitate clinical 
decision-making, particularly in cases where decision-mak-
ing capacity is of concern. Decision-making capacity con-
sists of the patient’s ability to understand relevant information, 
appreciate the situation and its consequences, manipulate 
information rationally, and communicate choices. Decision-
making capacity can fluctuate with changes in patients’ 
underlying medical or psychiatric problems, fatigue, or med-
ication-related effects. Therefore, there may be a need to 
evaluate decision-making capacity more than once. In 
patients being evaluated for HCT, consideration of the afore-

mentioned factors is important when assessing decision-
making capacity to assent to or to refuse a proposed treatment 
or intervention [86].

 Treatment

 Psychopharmacologic
 Psychotropic medications are frequently used in  this patient 
population to  treat psychiatric symptoms and  disorders, 
as  well as  to  manage nonpsychiatric conditions, such 
as  fatigue, delirium, suppressed appetite, neuropathic pain, 
as well as nausea and vomiting. Optimal treatment of contrib-
utory medical problems, such as insomnia, with medications 
should be  tried as  a means to  improve psychosocial health. 
While there is a spectrum of indications for psychopharmaco-
logic agents, many agents may also increase the risk for hema-
topoietic dysfunction. Caution should be exercised to minimize 
adding to the burden of neutropenia, agranulocytosis, abnor-
mal bleeding, and platelet dysfunction. Psychopharmacologic 
agents may interact with anticancer therapies, causing worsen-
ing gastrointestinal side effects, anticholinergic effects, 
and increased sedation. Psychotropic agents should be utilized 
as  indicated, among other appropriate interventions, 
to  improve the  medical and  psychiatric health of  patients 
with hematologic malignancies prior to HCT, while monitor-
ing for tolerance and side effects [73, 87]. See Table 38.2.

 Non-Psychopharmacologic
Different modalities of psychotherapy have demonstrated 
efficacy for managing mood symptoms in patients with can-
cer [88]. These include cognitive behavioral therapy, prob-

Table 38.2 Psychopharmacologic agents commonly used in patients with hematological malignancies

Medication class Uses Risks Interactions Hematologic effects
Antidepressants SSRIs and SNRIs: 

Depression, anxiety, 
panic
Mirtazapine: Sleep, 
appetite, nausea
Bupropion: Fatigue

SSRIs: GI disturbances, 
headache
SNRIs: GI disturbances, 
headache, hypertension
Mirtazapine: Rare risk of 
agranulocytosis
Bupropion: Seizures

MAOI interaction (e.g., 
procarbazine)
CYP450 2D6 and 3A4 
interactions (e.g., fluoxetine, 
paroxetine)

Cytopenias, platelet, 
impaired platelet 
aggregation

Anxiolytics: 
Benzodiazepines

Anxiety Sedation, delirium, fatigue, 
respiratory depression, misuse

Narcotics, other sedative 
hypnotics

Cytopenias, platelet, 
impaired platelet 
aggregation

Antipsychotics Anxiety, delirium, 
sleep
Olanzapine: Nausea

Orthostatic hypotension, 
akathisia, EPS

QT prolongation with other 
agents, higher risk of EPS with 
antiemetics

Cytopenias, 
eosinophilia 
(clozapine)

Mood stabilizers,
Anticonvulsants

Anxiety, irritability, 
delirium
Gabapentin: 
Neuropathic pain

Sedation, weight gain
Valproic acid: Transaminitis, 
decreased platelet aggregation, 
hair loss

Possible additive one marrow 
suppression with cytotoxic 
therapy

Cytopenia, anemia

Psychostimulants Fatigue, concentration, 
depression

Anxiety, headache Increased stimulation with 
corticosteroids

Not available

SSRIs selective serotonin reuptake inhibitors, SNRIs serotonin norepinephrine reuptake inhibitors, MAOI monoamine oxidase inhibitor, EPS extra-
pyramidal symptoms
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lem-solving therapy, interpersonal therapies, group 
intervention, and behavioral activation. Relaxation therapy, 
mindfulness-based therapy, meaning-centered therapy, and 
dignity therapy are other approaches with principles that 
may be used to manage different causes of emotional dis-
tress. Other therapies, such as existential and psychody-
namic, may be helpful in the setting of advanced disease. 
These many therapeutic approaches may be applied as indi-
cated to patients with hematological malignancies before, 
during, and after HCT [73]. Please refer to Chap. 43 for fur-
ther psychotherapeutic interventions.

 Conclusions
The American Society for Blood and Marrow 
Transplantation HCT guidelines for clinical centers include 
a psychiatric/psychosocial assessment as part of the medi-
cal evaluation for all HCT candidates [89]. Improving a 
treating team’s knowledge of a patient’s psychosocial dis-
tress, psychiatric history, social support, and other impor-
tant psychosocial factors can influence medical outcomes 
before, during, and after HCT.  Standardized approaches, 
such as the PACT, have been developed in identifying psy-
chosocial concerns before HCT.  Associations have been 
shown between psychosocial health and QOL with adher-
ence to treatment, length of hospital stay, morbidity, and 
mortality. Screening measures to complement clinical 
interviews and exams can offer valuable opportunities to 
intervene and improve psychosocial variables in patients 
with hematologic malignancies. While there are many 
future directions for research, the psychosocial assessment 
of this patient population remains of paramount importance 
in assessing the risks for HCT, which may be the only treat-
ment option. Therefore, a multidisciplinary, collaborative 
approach to meet the psychosocial needs of patients with 
hematological malignancies can contribute to better HCT 
outcomes.
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History of Hematopoietic Cell 
Transplantation

Jaroslava Salman, Kimberly Shapiro, 
and Stephen J. Forman

 Early Discoveries

In 1868, Ernst Neumann (former Prussia) and Giulio Bizzozero 
(Italy), both contemporaries of William Osler, the father of 
modern medicine, independently made the initial observations 
leading to the recognition of the marrow as the origin of blood 
formation in mammals [1]. Mature blood cells exit the bone 
marrow cavity through small blood vessels penetrating the 
bone cortex. Based on this discovery, physicians tried to 
employ various “treatments” for leukemia, e.g., instructing 
patients to swallow fresh bone marrow from young cattle [2]. 
However, it was not until the 1940s when the immunologic 
basis for tumor transplants was established through experi-
ments in mice leading to the recognition of the histocompatibil-
ity transplant antigen system [3].

The explosion of two atomic bombs at the end of World 
War II and the effects of radiation on the bone marrow func-
tion of survivors of the nuclear exposure rekindled the scien-
tific interest in bone marrow transplantation. Discovery of 
the immunologic basis for graft rejection and tolerance in 
mice by Sir Peter Brian Medawar (a British biologist, born in 
Brazil), who was considered to be the father of transplanta-
tion, helped to propel this pursuit further [4].

Number of experiments in mice revealed that they can sur-
vive lethal irradiation exposure if their spleens were shielded 
by lead foils [5]. At the time, it was unclear whether this recov-
ery can be attributed to humoral or cellular factors, but subse-
quent experiments in the early 1950s by Egon Lorenz 
(biophysicist at NCI Bethesda) and colleagues, as well as 
D.W.H.  Barnes and J.F. Loutit (both at Medical Research 
Council in Berkshire, England) indicated that the recovery con-
ferred by spleen and marrow infusion might be due to living 

cells, supporting the cellular hypothesis. Final proof for the cel-
lular hypothesis came in 1956 when Ford and colleagues 
(Medical Research Council in Berkshire, England) showed that 
the marrow of transplanted mice displayed the cytogenetic 
characteristics of the donor. In the same year, Barnes and col-
leagues reported on the treatment of murine leukemia with 
high-dose irradiation followed by marrow graft infusion [2].

 Early Experiments with HCT in Humans

The first experiments with hematopoietic cell transplantation 
(HCT) in humans were reported by Thomas and colleagues 
(University of Washington, Fred Hutchinson Cancer 
Research Center) in 1957 when they infused bone marrow to 
patients after they received radiation and chemotherapy [6].

That same year, several laboratory workers were treated 
with human bone marrow transplant after exposure to radia-
tion due to the Vinca nuclear research reactor accident in the 
former Yugoslavia. Although recovery of hematopoietic 
function did occur, it was unclear if long-lasting benefit is 
sustainable. These early experiences led to the use of HCT to 
promote recovery of hematopoietic function after myeloab-
lative chemotherapy and radiation [7].

In 1958, European scientists Jean Dausset (French immu-
nologist) [8] and Jon van Rood (Dutch immunologist) [9] 
described the human leukocyte antigen-1(HLA) groups that 
were soon recognized as crucial genetic factors for donor selec-
tion in both experimental and clinical medicine. Subsequently, 
in 1968, 100 years after Neumann and Bizzozero’s discoveries, 
the first curative and successful bone marrow transplants were 
performed in several infants with immunodeficiency disorders 
who received a transplant from their HLA-matched siblings. 
However, marrow transplantation from sibling donors for 
patients with advanced leukemia or bone marrow failure condi-
tions proved considerably more challenging than transplanta-
tion for immunodeficiency disease.

In parallel discoveries, the concept of storing autologous 
hematopoietic cells while patients are exposed to high dose 
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of irradiation and/or high-dose cancer drugs with subsequent 
cell reinfusion was developed in the 1960s [2].

Building on the HLA system discoveries, allogeneic sib-
ling donors of stem cells were used. However, the initial 
results were disappointing, and there was a sense that the 
transplantation barrier from one individual to another could 
not be overcome. This caused many researchers to abandon 
the idea that bone marrow transplantation could be used to 
treat hematological malignancies [5].

The use of autologous transplantation was also disap-
pointing due to contamination with tumor cells. Fortunately, 
preclinical and clinical research continued despite the skepti-
cism, and areas of histocompatibility, conditioning regimens, 
and prevention and treatment of graft-versus-host disease 
(GVHD) held the interest of scientists.

 Further Advancements of the 1970s

With the advent of immunosuppressive drugs, improvements 
in conditioning regimens, and antibiotic treatments of the 
1970s, interest in HCT was revived, and overall survival 
(6 months) rates rose to 70%. In their seminal report, Seattle 
transplant team of Thomas and colleagues described the first 
100 patients treated with bone marrow transplant (73 for 
advanced leukemia and 27 for aplastic anemia) [10].

The Center for International Blood and Marrow Transplant 
Research (CIBMTR) was initiated in 1972 to collect and 
analyze data from transplant centers across the world. 
Currently, more than 390 transplant centers participate in 
submitting data to the CIBMTR for the purpose of analyzing 
outcomes of allogeneic and autologous transplants. It also 
serves as a resource for trends related to the use of HCT for 
treatment of different diseases and includes data related to 
type of transplant, use of various preparative regimens, and 
patient-related demographic data.

 The Era of 1980s–1990s

The first transplants for thalassemia major and for sickle cell 
disease were performed in Seattle, opening the field for suc-
cessful treatment of severe nonmalignant hematologic disor-
ders. New approaches for the prevention of GVHD were 
developed. The potent combination of cyclosporine with 
methotrexate was introduced and became a new standard [2]. 
In 1980, ganciclovir was discovered by Kevin Ogilvie from 
Canada [11]. This new antiviral drug made it possible to con-
trol and reverse infections with cytomegalovirus (CMV), a 
serious complication which had previously caused fatal post- 
transplant infection in about 15% of HCT patients. In addition, 
new and powerful molecular tests were developed which were 
based on the polymerase chain reaction principle, originally 

invented by Kary Mullis (American biochemist) [12], that 
allowed the rapid and noninvasive monitoring of CMV pres-
ence and progression in patients post-transplant [2].

General interest in HCT continued to grow, and by 1986, 
approximately 5000 transplants were performed each year at 
more than 200 transplant centers [13]. In clinical practice, 
multiple criteria were taken into consideration in evaluating 
the patient’s candidacy for transplant, including disease status, 
type of transplant, and patient risk factors. Chemotherapy- 
based preparative regimens, such as busulfan and cyclophos-
phamide, replaced the use of total body irradiation.

Interest in the use of the stem cell collected from the 
peripheral blood was introduced in the mid- to late 1980s. 
Stem cells were found to circulate in the peripheral blood 
following the administration of colony-stimulating factors 
with or without chemotherapy. Advances in cryopreservation 
and storage of stem cells allowed further growth in the use of 
autologous stem cell transplant which became common for 
treatment of a variety of hematologic diseases as well as 
solid tumors [7].

In 1986, the National Bone Marrow Transplant Donor 
Registry, known as the National Marrow Donor Program 
(NMDP), was formed in the United States. By managing a 
worldwide network of affiliated organizations, the agency 
coordinates the collection of hematopoietic cells for patients 
who lack a suitably matched donor in their family.

Be The Match is the organization operated by the NMDP. 
Since the organization began operations in 1987, it has facili-
tated a total of 68,000 transplants, including nearly 6300 
transplants in 2014 alone, for patients in need of a cure 
(www.bethematch.org).

In the 1990s the use of both autologous and allogeneic 
stem cell transplants continued to expand. Improved under-
standing of HLA typing allowed the rising use of the unre-
lated donor as a source of stem cells for transplantation, and 
a number of conditioning regimens were developed to treat a 
variety of specific diseases. Furthermore, non-myeloablative 
stem cell transplant was introduced as an alternative treat-
ment option. Using less toxic conditioning regimens helped 
to minimize treatment-related non-hematologic and hemato-
logic toxicities, such as neutropenia, anemia, and thrombo-
cytopenia. Since conditioning regimens were better tolerated 
by elderly patients, they opened the door for increased trans-
plantation in this vulnerable population [7]. During this 
period of time, umbilical cord blood (UCB) attracted the 
interest as a potential source of stem cells for transplantation. 
The UCB is a rich source of stem cells that can be used for 
allogeneic or autologous stem cell transplant. The stem cells 
can be infused fresh or collected and stored for later use [14].

The Autologous Bone Marrow Transplant Registry was 
formed in 1990 to support international data collection 
related to autologous transplantation.
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 Twenty-First-Century Developments

The use of HCT for the treatment of a variety of malignant 
and nonmalignant hematologic diseases and autoimmune 
conditions continued to grow, and various reduced intensity 
regimens have been introduced over the past decade. Some 
contain low-dose total body irradiation and chemotherapy, 
while others consist of combinations of various drugs [2]. 
The lower toxicity and decreased morbidity and mortality 
of these regimens extend this treatment modality to patients 
who would previously not be considered suitable for trans-
plant. Age is no longer considered an impediment to suc-
cessful stem cell transplant [15]. There have been ongoing 
efforts to improve the prevention and treatment of GVHD, 
a significant cause of morbidity and mortality associated 
with HCT. A National Institute of Health Consensus 
Development Project developed criteria for the diagnosis, 
management, and clinical trials of chronic GVHD [16]. The 
possibility of induction of tolerance for solid organ trans-
plants by the administration of donor hematopoietic cells 
has been one of the exciting new ways of stem cell trans-
plant application [17].

 Conclusions
The idea that the bone marrow could be used to treat 
hematologic disorders has been around for over a century. 
However, it wasn’t until World War II that the bone mar-
row research took off in the wake of the atomic bomb 
explosions. The initial research worldwide was conducted 
using laboratory animals. First human trials of bone mar-
row transplantation were unsuccessful and almost led to 
abandonment of future explorations. Fortunately, subse-
quent critical scientific discoveries in the field of immu-
nology, genetics, and pharmacology helped to propel the 
research forward.

Contemporary application of HCT includes young 
and elderly patients with a wide variety of hematologi-
cal disorders. The ongoing and progressive research by 
numerous transplant teams throughout the world will 
allow continued progress toward developing novel, 
improved treatment modalities and an even a wider 
application of the use of hematopoietic stem cell trans-
plantation [5].

 Timeline

1868 – Neumann and Bizzozero, two experimental patholo-
gists, reported their observations that blood cells of mam-
mals are produced inside the bone marrow.

1945 – Atomic bomb explosions revealed the effects of radi-
ation on the bone marrow function of the survivors.

1948 – Histocompatibility complex in mice (H-2) introduced 
by George Snell.

1949  – Jacobson and colleagues demonstrated that mice 
could survive lethal irradiation exposure by shielding the 
spleen with lead foil.

1954 – Barnes and Loutit’s experiments supported the cel-
lular hypothesis of the bone marrow recovery.

1956 – Barnes and colleagues reported on the treatment of 
murine leukemia with high-dose irradiation followed by 
marrow graft infusion.

1957 – Thomas and colleagues conducted first attempts to 
treat patients with total body irradiation and chemother-
apy with subsequent marrow grafting.

1958 – Dausset and van Rood describe the HLA (human leu-
kocyte antigen) groups.

1968  – Successful marrow transplant from HLA-matched 
sibling to infants with congenital immunodeficiency dis-
orders took place.

1975  – Seattle transplant team of Thomas and colleagues 
described the first 100 patients treated with bone marrow 
transplant (73 for advanced leukemia and 27 for plastic 
anemia).

1976  – Immunosuppressive activity of cyclosporine is 
discovered.

1979 – Favorable outcomes were reported with matched sib-
ling donors.

1980s – Successful transplants in treatment of nonmalignant 
hematologic disorders took place. New approaches for 
prevention of GVHD were discovered.

1980 – Ganciclovir was discovered by Ogilvie.
1985 – PCR was discovered.
1987 – The National Marrow Donor Program was founded.
1989–1999 – Ganciclovir to treat CMV infections in trans-

plant patients was introduced; cord blood registries were 
developed.

2000–present – Reduced intensity regimens allowing trans-
plantation of elderly, and medically vulnerable patients 
are discovered. Induction of tolerance for solid organ 
transplants by giving donor hematopoietic cells and new 
applications of HCT are discovered.

Glossary of Terms

Autologous Cells derived from the same individual.
Allogeneic Cells obtained from a genetically distinct indi-

vidual of the same species.
Cellular Factor Aspect of the immune response related to 

white blood cells, rather than circulating antibodies.
CMV (Cytomegalovirus) A herpes virus that becomes 

latent after primary infection and causes few symptoms 
in the general population. However, it can reactivate in 
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immunosuppressed transplant patients and is a signifi-
cant cause of morbidity and mortality due to infection 
of multiple organs including the lungs, gastrointestinal 
tract, and central nervous system.

CSF (Colony-Stimulating Factors) Proteins that bind to 
receptors on the surface of hematopoietic stem cells, acti-
vating them to proliferate and differentiate into a specific 
kind of blood cell.

Conditioning Regimen Treatments used to prepare a 
patient for stem cell transplant. May involve chemother-
apy, monoclonal antibody therapy, and radiation treat-
ments of the entire body.

Cryopreservation A process of cooling cells to very low 
temperatures to preserve structure and function.

Cytogenetics Branch of genetics concerned with the struc-
ture and function of chromosomes.

HCT (Hematopoietic Cell Transplantation) Also referred 
to as a bone marrow transplant, HCT is a procedure that 
infuses healthy blood stem cells into the body to replace 
diseased or damaged bone marrow.

Hematopoietic The formation of blood.
HLA (Human Leukocyte Antigen) A protein marker 

found on most cells in the body used to determine a match 
for bone marrow.

Humoral Factor Immune responses involving antibodies in 
body fluids.

Murine Affecting mice or related rodents.
Myeloablative Chemotherapy High-dose chemotherapy 

that kills cells in the bone marrow, including cancer cells 
and normal blood-forming cells in the marrow. It is usu-
ally followed by a bone marrow transplant.

PCR (Polymerase Chain Reaction) A technique used 
in molecular biology to amplify a single copy or a few 
copies of a piece of DNA. This can generate up to mil-
lions of copies of a particular DNA sequence for further 
study.
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Medical Course and Complications After 
Hematopoietic Cell Transplantation

Janice (Wes) Brown and Judith A. Shizuru

 Introduction

The field of hematopoietic cell transplantation (HCT) is con-
stantly evolving. Many elements of the transplant procedure 
are optimized for the specific patient, their comorbidities, the 
type of conditioning regimen, available donors, and the dis-
ease entity for which they are undergoing transplantation. 
Each of these variables can significantly impact the inci-
dence and severity of medical complications; however, an 
understanding of the most common medical complications 
can facilitate the overall care of the patient.

The first one hundred days post-transplant are designated 
as the peri-transplant period. Events are typically classified as 
early, which includes the preparative regimen through day 
(D) +100, or late which refers to events that occur after 
D+100. Although complications are recognized to occur as a 
continuum, the nomenclature is still helpful and will be used 
here. Serious medical complications can arise as early as dur-
ing conditioning or as late as several years post-transplant.

 Conditioning/Preparative Regimen

Conditioning/preparative regimens are aimed at both prepar-
ing patients to accept donor allografts and, when applicable, 
to eradicate malignancies. These regimens are either radia-
tion- and/or chemotherapy-based. High-dose, myeloablative 
total body irradiation (TBI) in combination with chemother-
apy has been used for decades to condition patients for 
HCT.  More recently, attenuated (non-myeloablative) doses 
of TBI have been used and are preferred for elderly and more 
frail patients. Regimens of chemotherapy alone are also 
used. The most common chemotherapeutic agents include 

busulfan, cyclophosphamide, melphalan, fludarabine, and 
etoposide [1]. The toxicities of these chemotherapy agents 
and their management have been well described [1–6].

The effects of myeloablative TBI warrant special men-
tion. Myeloablative TBI is most commonly given in 8–12 
fractions over 4 days for a total dose of 12–15 Gray (Gy). In 
addition to the well-recognized toxicities of substantially 
increased risk for mucositis, nausea, emesis, fatigue, and 
headaches, TBI has been associated with long-term deleteri-
ous effects on musculoskeletal system and growth in chil-
dren as well as fertility, nephritis, and pneumonitis in adults. 
Increased risks of secondary malignancies, neurocognitive 
disorders, and endocrinologic disturbances have also been 
well recognized in adults and children [7–13].

Mucositis is one of the most impactful complications of 
HCT that occurs during the acute peri-transplant period as it 
results in pain, disruption of sleep, impairment of nutritional 
maintenance and medication compliance, and increased risk 
for infection and may be so severe as to require invasive sup-
port for airway protection [11, 14]. Mucosal injury often 
involves the entire gastrointestinal (GI) tract with resulting 
abdominal discomfort with or without diarrhea. The risk of 
mucositis can be anticipated by the intensity of the condi-
tioning regimen. The combination of chemotherapy with 
intensive radiation is associated with the highest risk and the 
greatest severity. The resolution of mucositis is temporally 
associated with the recovery of peripheral neutropenia for 
reasons that have not been well understood.

Intravenous opioid are almost invariably required for pain 
control, and programmable patient-controlled analgesia 
delivery systems, with or without a basal delivery rate, are 
often highly successful. Intravenous nutritional supplemen-
tation can be delivered when nutritional status is poor and the 
patient can safely tolerate parenteral nutrition. Mucositis is 
also associated with a markedly increased risk for blood-
stream infections due to bacteria and/or candida, with or 
without sepsis.

Some comfort and potentially attenuation of severity and 
infectious risk may be achieved by frequent daily rinses with 
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saline, antimicrobial preparations, and/or topical anaesthet-
ics. Of note, toxic levels of anesthetic are possible (via lido-
caine absorption), although rare.

In the presence of active bleeding and ulcerations, gentle 
oral care and platelet transfusions may help. The removal of 
sloughed tissue should be approached with great care by an 
experienced care provider. Palifermin, a truncated human 
recombinant keratinocyte growth factor, is currently the only 
agent with FDA approval for the prevention and attenuation 
of mucositis associated with chemotherapy [15].

Other commonly used conditioning modalities that war-
rant special mention are anti-thymocyte globulin (ATG) and 
the monoclonal anti-CD52 antibody alemtuzumab. ATG or 
alemtuzumab have been included in a number of condition-
ing regimens with goal of improving engraftment by deple-
tion of host T cells [16–20]. Although the specific indications 
and intermediate and long-term effects of the two agents may 
differ, they share the risk for infusion-related hypotension, 
fever, chills, hypoxemia, and rash, which frequently prompt 
empiric antimicrobial therapy [21, 22]. These antibodies can 
remain in the serum for an extended period after the donor 
graft is infused and thus modify donor cell activity, including 
impairment of immune reconstitution [20, 23, 24].

 Infectious Complications

The increased risk for infections is anticipated by the patient; 
however, the duration and nature of this increased suscepti-
bility is often underappreciated [25]. Patient and care teams 
are often appropriately vigilant for risks for exogenous expo-
sure to infections; however, the vast majority of infections 
result from organisms that are endogenous to that patient and 
present prior to the HCT procedure. Members of the herpes-
virus family are ubiquitous and establish latency after acute 
infection. Reactivation of these DNA viruses causes the 
greatest morbidity and mortality post-transplantation. 
Therefore, serologies of herpes simplex 1 and 2 (HSV-1, 
HSV-2), varicella zoster virus (VZV), Epstein-Barr virus 
(EBV), and cytomegalovirus (CMV) should be documented 
and readily available to the care teams. Other pre-transplant 
tests should include hepatitis B surface antigen, hepatitis B 
surface antibody, hepatitis C antibody, hepatitis C RNA, 
human T-cell lymphotropic viruses 1 and 2 (HTLV-1/−2) 
serology, human immunodeficiency virus (HIV) serology, 
toxoplasma serology, and syphilis screening [26]. Mandated 
donor testing often includes West Nile virus using a test for 
nucleic acid.

Individual risk assessment should include a detailed his-
tory of past infections, dental problems, places of residence 
and/or travel, the use of complementary treatments including 
herbal medications, smoking, occupational and vocational 
activities, and exposure to animals. Consultation with an 

infectious disease specialty service is recommended regard-
ing specific screening testing based on exposures such as 
endemic fungi, Schistosoma, and Mycobacterium tuberculo-
sis [27–29].

 Special Situations that May Require Additional 
Pre-transplant Evaluation

 History of Infection with or Isolation 
of Antibiotic-Resistant Organisms
Any history of infection and/or colonization with bacteria 
harboring antimicrobial resistance, such as methicillin- 
resistant Staphylococcus aureus (MRSA), vancomycin- 
resistant Enterococcus (VRE), or multidrug-resistant or 
carbapenem-resistant gram-negative rods, should be noted 
and documented to take into consideration when choosing 
empiric antimicrobials for fever [30, 31].

 Oral Health
The status of a patient’s dentition should be assessed, with 
any recommended radiographs performed, prior to trans-
plantation by a dentist/oral surgeon. Poor dentition and gin-
givitis are associated with an increased risk for severe 
mucositis as well as the risk of local and systemic infection 
[32, 33]. Collaborative staging of any procedures is ideal in 
determining optimal timing relative to transplant.

 Preexisting Fungal Infections
There are no definitive, data-based recommendations 
regarding the need for and timing of radiographic studies in 
the setting of a suspected or proven fungal infection. 
However, confirmation of stabilization and/or improvement 
in areas of suspected involvement (e.g., chest CT) is gener-
ally recommended prior to proceeding to transplantation. 
Similarly, if a patient is being treated with a mold-active 
azole, it is reasonable to document a baseline trough serum 
levels as one factor that may be used in interpreting post-
transplant clinical deterioration.

 Clostridium difficile (C. difficile)
There are no data to suggest that a single episode of C. diffi-
cile infection which is responsive to treatment requires any 
special prophylaxis. However, in the setting of recurrent or 
protracted C. difficile infection, recurrent colitis becomes a 
significant risk [34, 35]. Commonly recommended practices 
include avoidance of antibiotics, especially quinolones, and 
consideration of prophylaxis, especially if the patient is doc-
umented to be a carrier of C. difficile (i.e., the organism is 
detected in the patient’s stool even in the absence of symp-
toms). The choice of prophylaxis should be influenced by 
history of response to specific agents. Fidaxomicin is 
licensed for recurrent C. difficile although not specifically 
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studied in HCT patients. Activity of rifaximin against C. dif-
ficile has not been proven although a number of case reports 
have been published [34, 35].

 Overall Timing of Infections

Early in the history of transplantation, a specific temporal 
sequence of the two most apparent medical complications – 
infections and graft-versus-host disease (GVHD)  – was 
observed. Moreover, a variety of factors may influence the 
timing, frequency, and severity of these complications [36, 
37]. Familiarity with the medical complications of a mye-
loablative preparative regimen followed by transplantation 
of a bone marrow graft from a HLA-matched, related donor 
provides a framework to understand the impact of these 
factors.

Grafts of mobilized peripheral blood (MPB) are com-
prised of a greater percentage and absolute number of 
myeloid progenitors which contribute to the marked shorten-
ing of the neutropenic period, although the incidence of fever 
is not substantially different. Nonmyeloablative and reduced 
intensity preparative regimens do result in marked reduction 
in neutropenia and associated fever.

 Fever During Neutropenia: Bacterial Infections

The well-established approach to fever during neutropenia, 
as outlined by consensus panels, is recommended [38, 39]. 
Patients with severe mucositis are at higher risk for docu-
mented bacteremia, candidemia, and sepsis [6]. Streptococcal 
mitis warrants special mention as this organism is associated 
with severe sepsis in 5–15% of cases with a high mortality 
rate despite appropriate antibiotic treatment [40]. At this 
time, the vast majority of isolates in the United States are 
susceptible to cefepime; however, an increasing percentage 
of isolates from an increasing number of other countries are 
resistant to penicillin [41]. As most HCT patients have 
received antibiotics for previous episodes of infection, they 
are at potential risk for drug-resistant organisms, and the 
selection of antimicrobials for patients with severe sepsis 
syndrome should reflect this risk [42–44].

 Invasive Fungal Infections

 Candida
Prior to the widespread use of low-dose amphotericin and/or 
fluconazole prophylaxis, candidemia was nearly as common 
as proven bacteremia and carried a higher mortality rate. A 
number of studies demonstrated that 400 mg of fluconazole 
daily significantly reduced candidemia and all-cause mortal-

ity. One study noted an increased incidence of aspergillosis 
in the group treated with fluconazole compared to no pro-
phylaxis; it was postulated that overall increase in survival 
resulted in more patients at risk for other infectious compli-
cations [45, 46].

 Invasive Mold Infections and Emerging Fungal 
Pathogens
During the past 20  years, there has been an explosion of 
mold-active antifungal agents which have vastly improved 
the survivability of a fungal infection post-HCT with less 
toxicity than was seen with Amphotericin B. In addition to 
two lipid formulations of the polyene Amphotericin B, which 
offer markedly reduced risk of nephrotoxicity, the other two 
main classes of antifungals are echinocandins (caspofungin) 
and triazoles (itraconazole, voriconazole, posaconazole, and 
isavuconazole) [47–51]. The shorter period of neutropenia 
after MPB than after BM grafts has also modestly decreased 
the incidence of fungal infection. In a randomized, double- 
blind trial in patients with GVHD, 5.3% and 9% of the 
posaconazole group developed proven or probable invasive 
aspergillosis (IA), respectively, as compared to fluconazole 
(2.3% and 7%, p = 0.006) [52]. Another randomized, double- 
blind, placebo-controlled trial of voriconazole versus flucon-
azole failed to demonstrate a similar magnitude of protection; 
however, in the former study, the Aspergillus galactomannan 
assay was an important criteria. The sensitivity of this assay 
is significantly decreased by mold-active agents (e.g., 
posaconazole) which may have affected the number of 
patients with “probable” IA.

Education regarding reducing exposures and wearing of 
fitted HEPA-filtered masks are two strategies employed by 
some centers. Unfortunately, fungal infections still represent 
a significant cause of morbidity and mortality with the sev-
eral weeks-to-months long treatment associated with a psy-
chosocial, physical, and financial burden on the patient. 
Prompt administration of antifungal treatment, while actively 
working to identify pathogen, holds the best promise to 
improve survivability. The increasing reports of resistance to 
various licensed antifungal and emerging fungal species 
have been reported [50, 53].

 Viruses

 HTLV-1, HTLV-2
Serologic testing for HTLV-1 and HTLV-2 is routine for both 
patients and their donors. These viruses have higher preva-
lence in certain areas of the world including Japan, Africa, 
and the Caribbean [54]. A very small minority of patients 
with HTLV may develop a spastic myelopathy,  hyperinfection 
with Strongyloides, or T-cell leukemia/other T-cell malig-
nancies. Due to the very low prevalence in the United States 
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and unclear route of transmission, available literature regard-
ing the significance of either donor or patient being seroposi-
tive for HTLV is still not well characterized. The general 
consensus at this time is that patient should be presented 
with the possibility of increased risk of HTLV-related com-
plications. Limited data and exploratory studies are under-
way to determine which agents may have efficacy in reducing 
transmission and/or disease sequelae [55–57]. Of note, an 
HTLV-positive individual should be notified and offered to 
discuss potential risk with partner who can then be evaluated 
by their personal physician.

 Herpesviruses

HSV-1, HSV-2, and VZV
In addition to their classification as alpha-herpesviruses, 
HSV-1, HSV-2, and VZV are grouped together for discus-
sion since acyclovir (ACV) and valacyclovir (VCV) have 
been shown to prevent clinically significant reactivations. 
Diseases due to HSV have ranged from the classic oral or 
genital mucosal ulcerations to life-threatening visceral or 
central nervous system (CNS) disease. ACV prophylaxis 
during the early post-HCT period substantially reduced 
the incidence of HSV disease. However, because the 
median time to VZV reactivation is approximately D+ 90, 
the duration of prophylaxis was not immediately clear. In 
the ensuing decades, protracted ACV or VCV has been 
shown to decrease the average severity and, if adminis-
tered for a duration of greater than approximately 1 year 
post-transplant, decreased the incidence of zoster. The use 
of immunomodulatory agents such as bortezomib-based 
therapies for myeloma is associated with increased VZV 
reactivation, and continued anti-VZV prophylaxis is rec-
ommended [58–61]. VZV reactivation after HCT is more 
likely than in other patients to be disseminated, involve 
viscera, and be without skin lesions (zoster sine herpete) 
posing challenges to diagnosis. One classic manifestation 
within the visceral involvement is reactivation in the 
celiac plexus which can present as syndrome of severe 
abdominal pain, possibly with ileus mimicking pseudo-
obstruction, and hyponatremia. Although no randomized 
control trials exist, most investigators recommend con-
tinuation of HSV/VZV prophylaxis throughout treatment 
with immunosuppressive agents [55, 59–66].

Of note, there has not been a randomized, controlled trial 
to compare doses of ACV and/or VCV. Of note, in non-HCT 
patients, a lower dose is usually favored, whereas in recipi-
ents of HCT, higher dosing is often, but not invariably used. 
Sporadic reports often fuel the higher-dose practice based on 
the concern regarding selection for resistance by administer-
ing lower doses of antivirals in a situation where antiviral 
immune reconstitution is suboptimal [67–69].

Cytomegalovirus (CMV)
CMV can establish latency in a wide variety of cells, includ-
ing hematopoietic progenitor cells, and has been shown to 
reactivate even in healthy patients. However, the risk for 
clinically apparent disease due to CMV is determined by the 
degree of immune dysfunction resulting from allogeneic 
transplant and increased in the setting of grafts that have 
various degrees of HLA mismatch, from unrelated donors or 
alternative sources, and/or in the setting of GVHD.  T-cell 
depletion, whether resulting from antibody treatment of the 
patient or ex vivo depletion of the graft itself, independently 
and substantially increases risk for CMV viremia as well as 
disease [70].

Until the development of treatment strategies based on 
early detection of viremia, CMV was the leading infectious 
cause of death following HCT. These strategies are referred 
to as preemptive [66, 71]. Boeckh et al. demonstrated that a 
prophylactic strategy did reduce the incidence of proven 
tissue disease when compared to a preemptive strategy 
defined as starting antiviral therapy based on the 
immunohistochemistry- based detection of antigenemia 
prior to any clinically apparent disease; however, overall 
mortality was not different between the groups due to the 
toxicity of ganciclovir. Currently, most centers employ pre-
emptive strategies to reduce CMV disease based on the 
regular screening of CMV by PCR in plasma or, less likely, 
CMV antigenemia testing [72–75].

Until late 2017, medications licensed for CMV treat-
ment included the nucleoside analogue ganciclovir, inor-
ganic phosphate derivative foscarnet, and cidofovir. The 
toxicity profile of each of these drugs has been well docu-
mented [73]. In 2017, a randomized, double-blind, placebo- 
controlled trial demonstrated efficacy of letermovir and led 
to its licensing, preventing CMV viremia in allogeneic 
transplant patients without marrow, renal, or hepatic toxic-
ity [76].

Post-transplant, the timing, magnitude, incidence of dis-
ease, and response of CMV viremia to therapy are some of 
the most sensitive indicators of the reconstituting immuno-
logic response. A detailed discussion of each transplant sce-
nario is beyond the scope of this chapter; however, any factor 
that delays or stunts reconstitution, most notably T and pos-
sibly NK lineages, can be associated with an increased 
impact of CMV. For example, a graft comprised of umbilical 
cord blood, GVHD, and any condition that requires interme-
diate−/high-dose steroids all substantially increase risk of 
CMV disease. Under some, but not all, circumstances, a 
CMV seropositive patient receiving a graft from a seronega-
tive donor may have a higher risk for reactivation requiring 
treatment and resulting in increased risk of serious CMV 
infection until the naive graft has generated an appropriate 
immune response.
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Post-transplant Lymphoproliferative Disorder (PTLD)
PTLD most commonly represents the monoclonal or poly-
clonal expansion of lymphocytes and, in the vast majority of 
cases, B-cell expansion that is driven by EBV oncogenes 
[77]. However, lymphoproliferative disorders may be related 
to causes other than EBV and should be suspected in any 
patient with unexplained syndromes. To varying degrees, 
both viral replication and impaired immune surveillance 
contribute to risk of developing PTLD. Although cases have 
been reported even following autologous HCT, T-cell deple-
tion of graft and addition of T-cell-specific antibodies 
increase the risk with an incidence reported from 1–5%. 
Prior to the availability of anti-CD19+ 20+ antibodies, (i.e., 
rituximab), approaches to treatment were centered around 
reducing immunosuppression and instituting conventional 
chemotherapy if disease progressed [78–81]. The treatment 
of viral-mediated diseases, such as PTLD, using adoptive 
transfer of virus-specific effector cells is an active area of 
investigation [82].

Early diagnosis of PTLD requires a certain degree of 
clinical vigilance as patients have few or no complaints. 
The most common symptoms are fever and nonspecific 
constitutional symptoms, such as malaise. Any lymphoid 
tissue may be involved; however, lung, GI, and CNS dis-
ease are notoriously difficult to diagnose and can be mis-
taken for other disorders prior to tissue sampling. 
Quantitative EBV PCR of the plasma may help in identify-
ing patients at risk, although there is no consensus about 
the precise relationship of viral load and risk [83, 84]. 
Some investigators advocate prophylaxis or preemptive 
treatment of high-risk patients with rituximab [85–87]. 
Consensus recommendations include assessing extent of 
disease with a PET and/or CT scan as well as a biopsy of 
involved tissue whenever possible and inclusion of ritux-
imab for suspected or proven disease.

Human Herpesvirus-6 (HHV6)
Of the herpesviruses commonly recognized to be associated 
with disease, the significance of HHV6 viremia is the most 
dependent on the clinical scenario [65, 88, 89]. HHV6 may 
be the most ubiquitous of herpesviruses. Both retrospective 
and prospective large case series of HCT patients at single 
centers note the high frequency of symptomatic detection of 
HHV6 in plasma during the early post-transplant period [90, 
91]. In addition, a variety of smaller case series reveal that 
symptomatic HHV6 may be associated with fever and rash 
and overlap with the occurrence of acute GVHD during the 
peri-engraftment period [88, 89, 92, 93]. HHV6 may be 
associated with delayed engraftment, neurologic disorders, 
and, less likely, pulmonary disease [88, 89, 92, 93]. In some 
patients and/or their donors, HHV6 may be integrated into 
their cellular genome, and viral “load” may be very high as 

determined by quantitative PCR testing. Whether or not 
patients with HHV6 integration can develop HHV6 disease 
from reactivated virus post-HCT is an area of controversy; 
however, the issue may be moot as HHV-6 may be transmit-
ted in the donor graft [94].

Even in the absence of HHV6 genomic integration, there 
are no clinical data to support benefit from treatment of iso-
lated, asymptomatic HHV6 viremia [88, 89]. Patients with 
viremia who may benefit from empiric or preemptive treat-
ment include (1) the recipients of UCB, haploidentical, and/
or T-cell-depleted grafts, (2) patient with a history of anti-T- 
lymphocyte antibody treatments such as alemtuzumab or 
ATG, and/or (3) patients who have delayed engraftment or 
graft loss. Isolation of the virus from the symptomatically 
affected organ system (e.g., cerebrospinal fluid in the setting 
of neuropathy) supports the treatment for HHV6-related dis-
ease [89, 90, 95].

 Adenovirus
Adenovirus, a double-stranded DNA virus, was once thought 
to only result from an exogenous exposure. Our current 
understanding of adenovirus is far from complete. To add to 
the complexity, the significance of adenovirus and response 
to therapy differ greatly between adult and pediatric patients. 
Since the development of commercially available PCR- 
based assays of blood and tissue to detect virus, high-grade 
adenovirus viremia has been associated with increased all- 
cause mortality [96, 97]. The pathophysiology and optimal 
approaches to adenovirus are currently an active area of 
study.

 Respiratory Viruses
HCT patients have significantly increased morbidity and 
mortality due to respiratory viruses even when compared to 
other patients undergoing treatments for malignancy [98–
102]. Symptoms at presentation do not parallel those seen in 
healthy patients. Although the period of increased suscepti-
bility is not yet known, patients with even seemingly minor 
respiratory symptoms in the peri-transplant period and/or 
who have GVHD should be tested. Specific risk factors are 
associated with lower respiratory tract disease and death due 
to respiratory virus infection, including the pre- and peri- 
engraftment period, GVHD, neutropenia, or lymphopenia 
(absolute lymphocyte count reported as <100) [103–106]. 
Patients with protracted delays in T-cell reconstitution, 
including recipients of T-cell depleted or UCB grafts or 
T-cell depleting therapies, also appear to be at significantly 
increased risk [107].

Influenza viruses, respiratory syncytial virus (RSV), 
human metapneumovirus (hMPV), parainfluenza viruses 
(PIV), and adenovirus are included in most multiplex PCR 
diagnostic panels. These four viruses can be diagnosed at the 
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stage of upper respiratory infection or involvement of the 
lower tract disease and are collectively associated with the 
highest morbidity and mortality.

Treatment for respiratory viruses is determined by the 
specific virus and/or the clinical findings. Furthermore, treat-
ment duration cannot be extrapolated from studies of healthy 
patients and should be individualized based on patient’s 
response. Prompt treatment for influenza is universally rec-
ommended regardless of the duration of symptoms prior to 
diagnosis [102]. Treatment for RSV is generally recom-
mended for patients in the higher-risk category. Many stud-
ies support the use of ribavirin administered orally for 
patients without lower tract disease; however, aerosolized 
ribavirin may be indicated for patients with hypoxemia and 
infiltrates consistent with lower respiratory tract disease 
[105, 106, 108]. Adjunctive therapy with IVIG is generally 
supported in RSV infection. The approach to hMPV and PIV 
is still a topic of debate.

 Specific Infections and Considerations

Although the list of emerging infectious diseases will con-
tinue to evolve, certain infections warrant special mention 
due to either their relative frequency, challenges in diagno-
ses, and/or presentation that may easily be mistaken for more 
common opportunistic infections.

 Nocardia
Infections due to Nocardia spp. are often diagnosed late, in 
large part due to the limitations in diagnostic testing and its 
most common presentation of a pulmonary nodule and/or 
infiltrate that has no specific characteristics differentiating 
it from the more common fungal and bacterial infections 
[109]. Furthermore, Nocardia, with or without pulmonary 
involvement, can present with bacteremia and direct inocu-
lation due to trauma and has the propensity to involve the 
CNS. The bacteria of the genus Nocardia are found in soil 
and may be commensal oral organisms that stain weakly 
positive with gram stains and acid-fast stains. As with fun-
gal infections, presentation may vary widely with respect to 
symptoms and signs. Most premortem diagnoses are con-
firmed by detecting acid-fast bacilli (AFB)-positive organ-
isms by staining and culture of respiratory secretions, 
blood, and/or biopsy tissue. Newer real-time PCR test has 
just been recently released (Viracor, Eurofins Diagnostics), 
and results of molecular diagnostic testing have demon-
strated utility [110]. The most active agents against 
Nocardia., defined by percentage of isolates tested, include 
sulfamethoxazole/trimethoprim, linezolid, and carbapen-
ems [109, 111, 112]. However, susceptibility testing should 
be performed to guide therapy.

 Post-transplant Vaccination

With the exponential growth and improved survival post-
transplant, studies are ongoing regarding whether a patient 
achieves functional reconstitution of protective memory 
against historically encountered pathogens and/or vaccines. 
Guidelines have been developed to provide a reasonable 
framework for revaccination post-HCT.  The goal is for 
patients to be started on a revaccination schedule 6–12 months 
post-HCT. They should be (re)vaccinated with nonlive vac-
cines against childhood illnesses, tetanus toxoid, hepatitis B, 
Haemophilus influenzae B, and pneumococcus [113–116]. 
Although there is no data yet regarding immunogenicity 
studies in HCT patients of the newly licensed VZV subunit 
vaccine, Shingrix (GSK), there does not appear to be a con-
traindication, and it does not carry the theoretical risk of dis-
ease resulting from the live-attenuated VZV vaccine, 
Zostavax (Merck) [117].

 Changes in Fecal Microbiota

Study of the fecal microbiota is currently an area of active 
research. Investigators are seeking to understand the impact 
of the fecal microbiota on transplant outcomes, including the 
incidence of GVHD and, reciprocally, how is the microbiota 
modified by the complexities of care post-HCT. At this time, 
few conclusions can be made, but data from large consortia 
studies are expected in the near future [118–121].

 Noninfectious Complications/Organ Injury

 Renal

Renal injury remains a common complication of HCT with 
reported incidence ranging from 10% to 70% with lower risks 
reported after autologous HCT.  In addition to the peri- 
transplant period, patients may have a lifetime increased risk 
for renal disease [122–142]. As with many complications of 
HCT, acute (AKI) and chronic renal injury (CKI) are defined 
as significant increase in serum creatinine (SCR) that occurs 
prior to and after D+100, respectively. Comorbidity assess-
ment at the time of HCT includes multiple measurements of 
organ function including SCR.  Patients with increased risk 
for death associated with the number and severity of comor-
bid conditions also have an increased risk for renal injury, due 
to factors such as toxicities of the preparative regimen, expo-
sure to nephrotoxic drugs, development of complications 
such as hepatic sinusoidal obstruction syndrome or throm-
botic microangiopathy, and GVHD [122]. Multiple criteria to 
define renal injury are used; however, a doubling of SCR is 
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one generally accepted indicator, with the median onset of 
AKI in the range of 33–38 days. Risk for mortality parallels 
the degree of AKI with >50% reported in patients requiring 
dialysis. The reported incidence of CKI post-HCT varies 
from 7% to 48%; however, data continues to evolve with an 
ever-increasing number of survivors, especially as the onset 
of CKI may be several years post-HCT [122, 123, 125–127].

To what extent AKI or CKI may result from an inflamma-
tory process is an area of active study and some debate [122, 
125, 128, 129]. There is no substantial clinical data based on 
histologic changes, except of limited reports of inflammation 
in various renal structures including glomeruli, capillaries, 
and tubules. As discussed previously, the diagnosis of GVHD 
is not wholly reliant on specific criteria, nor do such criteria 
exist for the kidney injury. In rodent models of GVHD, endo-
thelial injury appears to result from inflammatory processes 
including increased enhanced expression of adhesion mole-
cules (e.g., MCP-1) that are apparently mediated by CD3+ T 
cells. Specific attention has been paid to an endogenous ser-
ine protease inhibitor, known as elafin. Elevation of urinary 
elafin is associated with AKI and CKI, which is notable 
given a previously reported association between elafin and 
skin GVHD [122, 123].

Thrombotic microangiopathy (TMA) which, by defini-
tion, is thrombosis of small vessels (arterioles and capillar-
ies) occurs in a variety of syndromes largely defined by 
clinical presentation and suspected trigger [130–132]. As a 
well-recognized complication of HCT, TMA deserves sepa-
rate mention as a risk factor for renal injury. The initial com-
mon precipitating event is believed to be endothelial injury 
resulting in a cascade of increase in local prostaglandin and 
prostacyclin production, thrombin formation, and increased 
leukocyte adhesion. Although TMA is often labelled as idio-
pathic, various forms of TMA have been associated with 
drugs, including calcineurin inhibitors, antifungal and antivi-
ral agents, infectious triggers, and immunomodulatory and 
immunotoxic therapies, and GVHD [123].

 Hepatic Veno-occlusive Disease/Sinusoidal 
Obstruction Syndrome (VOD/SOS)

During the first 3 weeks post-transplant, hepatic endothelial 
injury may result from the preparative regimen for HCT 
leading to a syndrome known as VOD/SOS, typically defined 
as a triad of increase in abdominal girth and increase in body 
weight due to ascites, hepatomegaly with or without pain, 
and hyperbilirubinemia. However, updated criteria have been 
proposed, at least in part due to differences between the syn-
drome observed in adults versus pediatric patients [133]. For 
example, in children, there is no time limit to the onset of the 
syndrome, and unexplained consumptive, refractory throm-

bocytopenia may be seen. For adults, later onset (past D+21) 
VOD/SOS has been reported. Unpredictable in its occur-
rence, patients with VOD/SOS may develop multi-organ 
failure with mortality exceeding 80% [134, 135]. 
Ultrasonography with Doppler studies reveals a reversal of 
sinusoidal venous flow resulting from a cascade of events 
leading to extraluminal compression, thrombosis within the 
central veins and sinusoidal tracts, and portal hypertension 
[136]. In certain cases, liver biopsy and measurement of tran-
shepatic venous pressure gradients are helpful in confirming 
the diagnosis. Factors associated with increased risk include 
age, history of certain chemotherapy regimens and/or radia-
tion to the abdomen, and iron overload [134, 136]. Although 
the rarity of the event limited study design, defibrotide 
reportedly restores thrombolytic balance and is the only 
licensed agent in the United States and EU to treat severe 
VOD/SOS after HCT for patients >1  month of age [135]. 
The long-term effects of VOD/SOS have not been well char-
acterized, although one long-term sequela is a significantly 
increased risk for chronic renal injury [123].

 Immunologic Sequelae of HCT

 Graft-Versus-Host Disease
Although patients may perceive that increased susceptibility 
to infection is the greatest hurdle post-HCT, GVHD has the 
greatest impact on overall morbidity and mortality, risk of 
infection, and quality of life [137–142]. GVHD occurs when 
the donor-derived immune cells (graft) mount an immuno-
logic attack on allogeneic molecules present on patient’s cells 
(host) which they continue to view as foreign. Two compre-
hensive reviews of the pathophysiology and clinical spectrum 
of GVHD have been published recently [137, 143]. Clinical 
familiarity with the diagnosis, treatment, and sequelae of 
GVHD is necessary to optimize the care of the HCT patient.

In addition to choice donor selection and preparative regi-
men, current commonly used approaches to reduce the inci-
dence of GVHD result in increased risk for infection. The 
major approaches involve T-cell depletion of the graft; pro-
phylactic calcineurin inhibitors, mTOR inhibitors, cortico-
steroids, and methotrexate; post-transplant cyclophosphamide 
to reduce alloreactive cells; and peri-transplant immuno-
modulatory/antibody therapy. These approaches all result in 
a potential increase in infectious complications, although 
this risk may be attenuated. For example, anti-thymocyte 
globulin has been used in HCT for decades and has been 
shown to decrease the graft rejection and acute GVHD; how-
ever, the potential for clinically significant deleterious effects 
on immune reconstitution is highly dependent on ATG phar-
macodynamics, especially in the setting of UCB HCT [18, 
20, 87, 144–146].
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The NIH consensus classification system in 2005 and its 
revision in 2014 defines “acute” GVHD (aGVHD) as syn-
dromes that are typical for GVHD that occur prior to D+100 
and “recurrent” or “late, acute” GVHD as similar syndromes 
that occur after D+100 [147]. “Chronic” GVHD (cGVHD) 
occurs after D+100 and without features of aGVHD. In 2005, 
syndromes with features typical for both aGVHD and cGVHD 
were designated as “overlap”; however, the revised statement 
recommends elimination of the “overlap” category, classify-
ing patients as aGVHD versus cGVHD and then documenting 
all manifestations whether typical or not [147–149].

Regardless of severity, both aGVHD and cGVHD are 
associated with a significantly increased risk for infection 
and infection-related mortality [36, 70, 99, 150–153]. This 
compromise of protection against bacterial, viral, and fungal 
pathogens results from both a direct and deleterious effect on 
functional immune reconstitution and the administration of 
immunosuppressive therapies. The prophylactic administra-
tion of antimicrobials against the following pathogens is rec-
ommended at least for the duration of immunosuppressive 
therapy for aGVHD and cGVHD: Pneumocystis jiroveci, 
HSV-1, HSV-2, and VZV. Antiviral prophylaxis for VZV is 
often continued for 1 year post-allogeneic transplant as this 
duration has been shown to reduce incidence and severity of 
reactivation.

The increased risk for disease due to CMV associated with 
GVHD has been well-recognized [70, 142, 154]. To compli-
cate matters, plasma PCR is not highly sensitive for gastroin-
testinal disease. However, until recently the toxicity profile of 
the licensed anti-CMV antivirals precluded prophylaxis. The 
newly licensed antiviral letermovir may serve as a candidate 
for prophylaxis as Phase 3 studies in allo- BMT patients dem-
onstrated efficacy in the absence of myelo- or nephrotoxicity.

GVHD is also associated with a significantly increased 
risk for invasive fungal infections; however, center-specific 
practices vary regarding infection control practices, surveil-
lance, and prophylaxis with mold-active agents versus fluco-
nazole [37, 50, 98, 151, 155, 156]. A high risk for infection 
due to encapsulated bacterial organisms is a hallmark of 
cGVHD which prompts indefinite prophylaxis with agents 
such as penicillin or trimethoprim-sulfamethoxazole.

Hypogammaglobulinemia is common during the peri- 
HCT period and in the setting of GVHD. Regular measure-
ment of total IgG level is a common practice with intravenous 
immunoglobulin administration if the level is <400  mg/dl 
[157–160].

Optimizing survival in HCT is dependent on a continued 
awareness of risk for infection, thorough evaluation with a 
lowered threshold for empiric antimicrobial therapy with any 
substantive or unexplained change in clinical status, and 
appropriate prophylaxis. Although patients with GVHD may 
have suboptimal responses, guidelines have been established 
for vaccination of all patients post-HCT.

Although there is some degree of overlap, the risk factors 
for and clinical syndromes associated with aGVHD differ 
from cGVHD. Disparity in HLA encoded by the major his-
tocompatibility complex (MHC), female donor for male 
patient, and increased age of donor and/or patient are associ-
ated with increased risk for aGVHD [138, 143, 161]. Many 
studies report that aGVHD risk may parallel the content of 
alloreactive T cells in the graft resulting in a higher rate asso-
ciated with transplantation of MPB and a lower rate associ-
ated with UCB when compared to BM [121, 138, 143]. 
However, a growing body of data including preclinical mod-
els, genetic analyses of the role of minor histocompatibility 
antigens, a recent randomized trial of MPB versus BMT, and 
other studies of UCB transplant demonstrate how much still 
remains to be understood.

Acute GVHD
Typical syndromes associated with aGVHD include involve-
ment of the skin, gastrointestinal tract, and liver. Each sys-
tem is assessed based on an established grading system of 
Grade 1, 2, 3, or 4 representing increasing severity [147]. A 
single organ system or any combination of organ systems 
may be involved. Even when multiple organ systems are 
involved, the severity and timing of involvement may differ 
greatly. Moreover, aGVHD organ systems may demonstrate 
different degrees of responsiveness to therapy.

The most common organ system targeted is the skin. 
Manifestations of aGVHD can range from an eruption, 
most commonly maculopapular, but can evolve to life-
threatening desquamation of the entire dermal surface [122, 
143, 161]. Skin biopsies reveal varying degrees of inflam-
mation of the epidermal and dermal layers, particularly 
perivascular or adjacent to dyskeratotic keratinocytes, and 
apoptosis in the basal layer of the epidermis [162]. Any 
portion of the gastrointestinal tract can be involved in 
GVHD. Esophago-gastro- duodenal disease may present as 
nausea, vomiting, abdominal pain, and/or anorexia. Small 
bowel and colonic disease may also present with abdominal 
pain, often described as cramping, and varying degrees of 
diarrhea which may be watery and/or bloody. Endoscopic 
examination ranges from normal- appearing mucosa to 
shallow ulcerations to severe mucosal denudation. Similar 
to histologic findings in skin, lymphocytic inflammation 
may be seen although apoptosis, especially at crypt bases, 
is highly supportive of the diagnosis of GVHD [163–165]. 
Hepatic aGVHD results from lymphocytic inflammation 
surrounding portal vein and/or bile ducts (pericholangitis) 
with subsequent destruction and presents as jaundice with-
out pain or with mild RUQ pain. Liver biopsy, typically via 
a transjugular approach, is the most useful diagnostic 
modality [166]. Corticosteroids are the first-line  therapy for 
aGVHD, and steroid-resistant disease is associated with a 
high mortality rate [143].
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Chronic GVHD
The potentially devastating impact of cGVHD cannot be 
overstated. In spite of calcineurin inhibitor and antimetabo-
lite therapy as prophylaxis, 30–70% of recipients of HCT 
will develop cGVHD which can result in profound debilita-
tion, poor quality of life, and significant increase in mortal-
ity [137, 141, 148, 167]. Risk factors for cGVHD overlap 
with those for aGVHD and include peripheral blood as the 
source of the graft, female donor for a male recipient, and 
HLA- mismatched graft from an unrelated donor. History of 
Grade 3 or 4 aGVHD and donor lymphocyte infusions post-
HCT have also been identified as risk factors for 
cGVHD. The pathophysiology of cGVHD involves inflam-
mation that ultimately facilitates a fibrotic tissue response. 
Most recent work has supported a multiphase process which 
may be triggered by inflammatory response to exposure to a 
microbe, such as translocated organisms through the gastro-
intestinal mucosa. The ensuing dysfunction of cellular and 
humoral immunity then facilitates a fibrosis-inducing cas-
cade [137]. Although the NIH consensus criteria provide a 
framework for the severity of disease in eight key organ sys-
tems (i.e., the skin, mouth, eye, liver, lungs, genitalia, and 
musculoskeletal), any system can be involved. Specific 
symptoms and findings are graded individually and assigned 
a score after which the clinician assigns an overall score. 
This system has facilitated studies of GVHD and potential 
therapies [147, 168, 169].

A substantial increase in transplant-related mortality is 
consistently reported in association with cGVHD in the fol-
lowing conditions: (1) platelet count less than 100 K/ul at the 
time of diagnosis, (2) progressive as opposed to quiescent 
disease, (3) severe disease, and (4) involvement of the liver, 
lungs, or gastrointestinal tract. Although cGVHD is also con-
sistently associated with a decrease in relapse in patients 
with acute leukemia, this potential salutary effect is not 
reflected in an improvement in overall survival [137].

 Cutaneous Manifestations

The most common manifestations of cGVHD are maculo-
papular rash and/or erythema. Eruption may have features 
that are lichen planus-like, sclerosis-like, papulosquamous 
lesions or ichthyosis, and/or keratosis pilaris-like eruptions. 
Changes in pigmentation are not uncommon [162, 170]. 
Most commonly, patients present with pain, pruritus, and 
progressively symptomatic fasciitis with or without sclero-
dermatous changes. The percentage of body surface area 
involved determines severity with Grade 4 defined as >50% 
involvement. Depending on the specific tissues involved and 
the extent of disease, cGVHD may lead to chronic pain, loss 
of range of motion, disfigurement, and impairment in ADLs 
including simple ambulation.

An increased incidence of skin cancer, especially squa-
mous cell carcinoma, has long been recognized, and close 
surveillance by experienced specialist in dermatology and 
timely resection of suspicious lesions are recommended. 
Patients are also at significantly increased risk for infection 
which is exacerbated by poor wound healing [162, 170].

General consensus recommendations include minimizing 
damage resulting from ultraviolet rays A and B by repeated 
topical application of sunscreens with sun protection factor 
of 30 or greater. Avoidance of sun exposure during peak 
hours is also recommended. Diligent skin cancer surveil-
lance should be performed regularly. Use of drugs known to 
increase photosensitivity, such as trimethoprim- 
sulfamethoxazole, should be balanced against risk. 
Voriconazole, a triazole antifungal medication, has been 
reported by some to increase risk for dermal injury, squa-
mous cell carcinoma, and other cutaneous malignancies 
[171–174].

Once thought to be a rare complication, cGVHD of the 
musculoskeletal system is being diagnosed with increasing 
frequency with manifestations which are as varied as those 
seen in non-transplant autoimmune rheumatologic diseases. 
Polyserositis can involve musculoskeletal structures in addi-
tion to the serosal surfaces of the viscera [170]. Early and 
continued involvement of specialists in kinesiology and 
rehabilitation medicine is recommended.

 Oral

Oral GVHD is the most common manifestation that provides 
the most common impetus for the addition of a second- or 
third-line immunosuppressive agent [149, 175–180]. 
Increasing severity is scored based on the physical findings, 
symptoms, and limitations on oral intake. Patients report sig-
nificant discomfort due to dryness, alterations in taste, diffi-
culty with swallowing, and pain. In addition to the impact of 
chronic discomfort, oral GVHD can also profoundly reduce 
quality of life by altering enjoyment of food and ability to eat 
which can lead to significant malnutrition. Decreased saliva 
production can disrupt taste and the ability to eat. If severe 
and prolonged, the loss of dental and gingival protection can 
lead to rapid progression of caries and tooth loss [137, 149].

Much has been published about the incidence and impact 
of mucositis and more detailed aspects of the oral health, 
such as gingivitis, caries, and ulcerations. In a recent notable 
study, Doss et al. presented their findings of a prospective, 
longitudinal study of dental plaque, gingivitis, and mucositis 
in 19 pediatric patients (5.1–12.8 years old) undergoing HCT 
[33, 181–184]. Using standardized indices they determined 
that plaque accumulation, gingival inflammation, mucositis, 
and oral ulcerations were seen in 85%, 85%, 68%, and 58%, 
respectively. Of note, the median severity gingivitis and 
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ulcerations peaked at D+7, whereas coating of the mucosa 
and overall dental hygiene continued to deteriorate through 
D+28 [181, 183]. Patients who received myeloablative pre-
parative regimens had more severe gingivitis and ulcerations 
but similar changes in dental hygiene and mucosal coating 
which were comparable to those in patients who received 
reduced intensity conditioning. Studies such as these are cru-
cial in the beginning to understand pathophysiology, and 
they underscore the increased need for improvements in oral 
hygiene [182, 184]. Ongoing collaboration with a special-
ized maxillofacial/dental specialist is encouraged.

 Ophthalmologic

In an excellent review, Tung notes that despite reported rates 
from 30% to 85%, ocular GVHD is likely underreported in 
part due to imprecision in disease classification [185]. Risk 
factors for ocular GVHD include a history of aGVHD of 
other organ systems including the skin and/or oropharyn-
geal, older age, female donor of graft for a male patient, and 
MPB graft. Ocular GVHD may be acute or chronic with the 
latter typically less severe in presentation. Hyperacute ocular 
GVHD often occurs as part of systemic process occurring 
during the peri-engraftment period for which corticosteroids 
are the first-line therapy. Ocular aGVHD may present as 
excessive tearing and/or dryness of the eye and discomfort 
including itching, burning, photophobia, or changes in visual 
acuity [180, 185, 186].

Examination most commonly reveals nonspecific mem-
branous conjunctivitis due to inflammation likely due to 
infiltration with donor T and NK cells with a notable deple-
tion of the specialized epithelial goblet cells which are 
responsible for tear stability. Sloughing of corneal cells, cel-
lular debris, and infectious and noninfectious keratitis may 
also be noted. There might also be eyelid involvement with 
lichenoid changes with histologic examination revealing 
inflammation, apoptosis, and necrosis. The onset of ocular 
cGVHD is most commonly reported to be between 7 and 
10 months post-HCT when the patient presents with lacrimal 
gland dysfunction manifested as excessive tearing and/or 
dryness, ultimately resulting in keratoconjunctival sicca, 
injection, scarring of the conjunctiva, and nasolacrimal duct 
obstruction. cGVHD of the eyelid structures may result in 
entropion which may, in turn, result in corneal damage and 
require surgical intervention. When the posterior structures 
of the eye are involved, discomfort and visual changes may 
be more prominent [186, 187].

The most common ocular complaints are related to dis-
ruption of tear production and stability. Lymphocytic infiltra-
tion can ultimately lead to obstruction due to severe scarring 
of the lacrimal glands. Attentive therapy with regular exami-
nation by an ophthalmologist is recommended; treatments 

include lubrication, anti-inflammatory agents, scleral lenses, 
and surgical intervention. Infection and inflammation can 
further compromise the ocular physiology [188–190].

 Gastrointestinal

As with other organ involvement, the diagnosis of gastroin-
testinal cGVHD is based on clinical signs and symptoms 
which may be supported by, but not dependent on, additional 
studies. Any portion of the GI tract can be involved with 
focal findings of esophageal webbing or strictures and symp-
toms such as nausea, emesis, diarrhea, and wasting. New 
onset pancreatic exocrine insufficiency is a well-recognized 
manifestation of cGVHD.  The Pathology Working Group 
Report of the NIH Consensus Development Project outlined 
minimal histologic criteria which, interestingly, do not differ 
between aGVHD and cGVHD [163, 164, 191–193]. The 
hallmark of GVHD is epithelial cell apoptosis, which is more 
marked in the intestines than in the stomach, and predomi-
nantly seen in the regenerative compartment of the crypt. In 
more advanced GVHD, inflammation, crypt abscesses, epi-
thelial destruction, and cytoplasmic granular debris may be 
seen. Apoptosis not due to GVHD has been reported early 
(earlier than D+20) post-transplant likely secondary to mye-
loablative conditioning regimen, infections, and drugs 
including proton-pump inhibitors and mycophenolate 
mofetil (MMF) [164, 194].

MMF can cause colitis that is histologically difficult to 
distinguish from GVHD. CMV is also associated with epi-
thelial apoptosis, although even if immunohistochemical or 
molecular studies confirm the presence of CMV, this does 
not rule out GVHD. The presence and density of eosinophils 
in the infiltrate has been described as a correlative finding but 
may be more common in aGVHD [195].

For a variety of reasons, small bowel involvement can be 
more difficult to diagnose and may result from a different 
pathophysiology. Although not consistently described, peri-
capillary hemorrhage and rupture of capillary basement 
membrane are associated with severe small bowel disease 
[137, 164].

Debate exists regarding the optimal site for biopsy; fur-
thermore, in these patients at high risk for concomitant pro-
cesses, a site optimal for GVHD may not be optimal for 
diagnosing infection [163, 193, 196, 197].

 Hepatic

Elevations of hepatic transaminases and/or bilirubin are 
common post-HCT. Unlike other organ syndromes seen in 
cGVHD, hepatic involvement commonly is presumed when 
liver test abnormalities persist without other explanation. 
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Hepatic cGVHD typically parallels involvement and 
response to therapy of other system(s) [136, 141, 166]. 
However, many factors confound interpretation of hepatic 
abnormalities in this population, including drug hepatotoxic-
ity and high risk for iron overload. There are no pathogno-
monic ultrasonographic or other radiographic findings, 
although MRI may be helpful in assessing the degree of iron 
overload. A growing number of PCR-based assays may help 
diagnose or rule out infectious causes such as hepatitis 
viruses, CMV, and adenovirus. Transjugular liver biopsy 
may be important to perform microbiologic and molecular 
studies [136, 166].

 Pulmonary

The impact of the increasing survivorship of HCT patients is 
arguably most evident in the rapidly evolving understanding 
of the pulmonary manifestations of cGVHD [51, 198, 199]. 
The presentation of pulmonary disease is often confounded 
by conditions common in the post-HCT patient, including 
deconditioning and infection. As most patients will present 
with a nonspecific mild shortness of breath that may steadily 
worsen and/or persistent cough, the possibility of pulmonary 
cGVHD should be considered, especially in the setting of 
other organ involvement with cGVHD. The best character-
ized manifestation is narrowing of the terminal airways by a 
peribronchiolar and intraluminal fibrosis process referred to 
as bronchiolitis obliterans syndrome (BOS) which was first 
described in HCT patients in 1984 [198–200]. Since that 
time, new-onset airflow obstruction due to BOS has been 
included in the diagnostic criteria for cGVHD. Diagnosis of 
post-HCT BOS is not based on lung biopsy but primarily on 
results of spirometric testing including one of the following 
if the patient has extrapulmonary cGVHD: (1) a ratio of 
forced expiratory volume in 1 second (FEV1) to forced vital 
capacity (FVC) on less than 0.7, (2) FEV1 less than 75% of 
predicted value, (3) and evidence of air trapping with resid-
ual volume > 120% of predicted. High-resolution CT scan 
demonstrating bronchiolitis is also a diagnostic finding. 
Reduced FVC has been correlated with increased mortality 
in one series, and recent reports of survival at 2 years after 
diagnosis have improved possibly due to earlier recognition 
and treatment. Finally, the patient should not have an active 
pulmonary infection at the time the diagnosis of pulmonary 
cGVHD. Using the initial criteria established in 2005, 14% 
of patients with extrapulmonary cGVHD and 5% of all allo-
geneic patients were felt to have pulmonary cGVHD [168, 
199, 202].

High-dose systemic corticosteroids are the first-line treat-
ment for pulmonary cGVHD.  Adjunctive treatment with 
fluticasone (anti-inflammatory), azithromycin (immuno-
modulatory), and montelukast (antifibrotic) resulted in sus-

tained stability of FEV1  in a prospective, multicenter, 
single-arm trial [203]. Extracorporeal photophoresis has also 
been demonstrated to be of potential benefit but has largely 
been used in patients with steroid-refractory disease and/or 
as an attempt to reduce steroid exposure [180]. With the 
exception of two randomized, double-blinded placebo- 
controlled trials, data about adjunctive and/or secondary 
therapies are limited to reports and/or small series. In the first 
trial, azithromycin alone failed to demonstrate benefit [203]. 
In the second of these trials, budesonide/formoterol treat-
ment resulted in a 12% FEV1 improvement [199]. A broad 
number of immunomodulatory therapies are actively being 
studied in large, well-designed trials [180]. At this time, 
there is not sufficient data to demonstrate approaches that 
can prevent pulmonary cGVHD.

Reports of a respiratory infection prior to the develop-
ment of BOS are common and support the hypothesis that a 
trigger may result in an aberrant alloreactivity reaction. It is 
interesting to note that BOS is not felt to occur in recipients 
of a T-cell depleted graft. As with other studies of cGVHD, 
B cells appear to play a role in development of this inflam-
matory response, although limited studies of CD20 depletion 
have not demonstrated consistent benefit.

Other pulmonary pathologies have been described follow-
ing HCT [198, 200, 201, 204]. Parenchymal involvement 
consistent with interstitial lung disease (ILD) is frequently 
observed in patients with pulmonary cGVHD. The most com-
mon presentation of ILD includes fever, cough, and shortness 
of breath, and 70% who are eventually diagnosed with ILD 
have GVHD.  Given the marked increased susceptibility to 
infection resulting from cGVHD, it is not yet possible in the 
acute setting to distinguish infection with or without ILD or 
ILD alone. Moreover, the ability to diagnose infections even 
from bronchoscopic specimens remains highly limited. 
Diagnosis is typically confirmed by the patient’s clinical and 
radiographic course. Additional pulmonary syndromes that 
have been reported include the following: organizing pneu-
monia resulting from intraluminal granulation tissue, largely 
comprised of fibroblasts and macrophages in distal airspaces; 
pleuroparenchymal fibroelastosis; diffuse alveolar damage; 
and other organizing pneumonias that have been described 
post-HCT. These and other potential manifestations of allore-
active disease warrant additional studies.

 Genitalia

Early detection of vulvovaginal cGVHD has been shown to 
decrease need for surgical intervention. Establishing the diag-
nosis is highly dependent on patient awareness and timely 
examination by a knowledgeable clinician. Vulvovaginal 
cGVHD does not typically happen in isolation, and it should 
be considered in all women with other involvement [170–174]. 
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Patients most commonly present with vaginal dryness and/or 
discharge, dyspareunia, and vulvar pain. These symptoms 
overlap with estrogen deficiency and may improve with estro-
gen treatment; however, in collaboration with the HCT team, 
treatment directed against cGVHD should be given to mini-
mize severe sequelae. Vulvar changes can range from ery-
thema, lichen planus-like and/or sclerosis- like features, 
ulcerations, fissures, fusion of labia, and scarring and fibrosis 
of the vagina that can lead to complete stenosis. A high degree 
of vigilance regarding infections should be maintained given 
the increased susceptibility to infection associated with all 
forms of cGVHD [205, 206, 208, 209].

Genital cGVHD in men is believed to be at least as under- 
recognized as it is in women. In two recent studies of men 
who had received an allogeneic HCT, 4–13% were felt to 
have features consistent with genital cGVHD [168, 207, 
210]. Men most commonly present with dyspareunia, uri-
nary complaints, and/or sexual dysfunction. Skin changes 
parallel those seen in women. Other findings include inflam-
mation of the glans penis; changes may lead to difficulty in 
retracting foreskin, lichenoid lesions, sclerotic lesions, and/
or urethral stenosis/strictures.

 Cardiovascular Disease (CVD) 
and the Metabolic Syndrome

Clinically significant late (>1 year post-HCT) CVD is a now 
a well-recognized complication of HCT and is more com-
mon following allogeneic HCT [211–216]. The Bone 
Marrow Transplant Survivor Study found that the risk for 
CVD-related deaths was 2.3-fold higher than the risk for the 
general population. This result was echoed by Chow and col-
leagues who noted a >three-fold risk of significant CVD- 
related morbidity and mortality.

In retrospective analysis of pre- and post-HCT factors, 
Saro et al. found that patients who developed clinically evi-
dent CVD had a significantly lower OS rate (52.4%) com-
pared to HCT patients who did not develop CVD (80.6%) 
[212]. As with non-HCT recipients, comorbidities such as 
obesity; hypertension; diabetes, especially due to insulin 
resistance; and dyslipidemia are associated with increased 
risk. They noted that if patients had two or more of the four 
identified cardiovascular risk factors, they had a fivefold 
increased risk of CVD and even higher risk for cerebrovas-
cular complications. Perhaps the most important observa-
tion made by Saro et  al. is that the increased risk was 
associated with the development of these comorbidities 
post-transplant. This finding supports the potential benefit 
of avoidance and/or management of these comorbidities.

A constellation of characteristics known as metabolic 
syndrome (MetS) has been shown to be closely associated 

with premature CVD risk in the general population and has 
a reported prevalence of 31–40% in post-HCT patients 
[217–219]. As of 2009, MetS is defined by the International 
Diabetes Federation and American Heart Association as ≥3 
of the following risk factors: abdominal obesity, elevated 
triglycerides (≥150 mg/dl or > −1.7 mm/L), low high-den-
sity lipoprotein cholesterol (<40 mg/dL or 1.0 mmol/L for 
men and <50  mg/dL for women), blood pressure 
≥130/≥85  mmHg; and/or fasting glucose ≥100  mg/dl 
(≥5.6 mmol/L). Treatment for dyslipidemias, hypertension, 
and/or hyperglycemia also meets the individual criteria. In 
the general population, MetS increases the risk for CVD, 
DM, and stroke.

Although MetS has not yet been demonstrated to have a 
direct impact on CVD post-HCT, the CIBMTR Late Effects 
and Quality of Life Working Committee and the EBMT 
Complications and Quality of Life Working Party published 
their recommendations for screening and preventative prac-
tice of MetS in a reasonable attempt to mitigate any CVD 
risk factors [217, 218, 220, 221].

Interestingly, pre-HCT chest radiation exposure was 
also associated with a ninefold increase in coronary artery 
disease compared to patients without a history of radiation 
exposure. These data are consistent with previous reports 
that radiation induces vascular injury with endothelial, 
intimal, and medial scarring. Inflammatory responses may 
also contribute, although little is known about the relative 
contribution of a GVHD-like effect. Radiation of the head 
and/or neck was not associated with increased cerebrovas-
cular disease in contrast to the increased risk reportedly 
seen in patients who received radiation in the treatment of 
head and neck cancers [212–214]. Of drugs commonly 
used for conditioning, high- dose cyclophosphamide has 
long been recognized to be cardiotoxic, although it is not 
clear if there is any association with subsequent athero-
sclerosis [214].

 Endocrine/Metabolic

 Bone Metabolism and Vitamin D
As would be predicted by the decrease in physical activity, 
gonadal failure, significant corticosteroid and calcineurin 
inhibitor exposure, and deficiencies in calcium and/or vita-
min D that are common in HCT patients, decreased bone 
mineral density (BMD) is now recognized as a serious 
potential complication, especially in long-term survivors 
[222–226]. Rapid resorption with resulting loss in BMD can 
be detected as early as 1–2 years post-HCT. A retrospective 
analysis revealed that 5% of >3500 allo-HCT patients had a 
pathologic fracture which occurred at a median of 85 months 
post-transplant [223]. In addition to the classic risk factors 
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listed above, immune-mediated processes detrimental to the 
homeostasis of bone have been proposed, including derange-
ments in the receptor activator of nuclear factor kappa-B 
ligand which increases osteoclast activity and osteoprote-
gerin which inhibits osteoclast activity [223, 227]. The NIH 
cGVHD Consensus Project Ancillary and Supportive Care 
Guidelines has recommended annual BMD measurements. 
In recent study, 258 patients (145 males, 113 females) with 
a median age of 48 years and moderate to severe cGVHD 
following allo-HCT (84% PB graft, 86% with an HLA-
matched donor, and 62% with a related donor) underwent a 
1-week comprehensive evaluation including dual-energy 
X-ray absorptiometry (DEXA) to determine BMD at the 
femoral neck, lumbar spine, and total hip [228]. Patients 
were also evaluated using standardized scores of assessment 
of osteoporosis, nutrition, and physical activity. In the uni-
variate analysis, lower body weight and malnutrition were 
associated with osteoporosis at all three sites; however, a 
variety of characteristics were related to risks at one or two 
other sites. For example, higher current glucocorticoid dose 
was associated with osteoporosis in the total hip. 
Interestingly, vitamin D deficiency was not associated with 
osteoporosis in this study, although it is noted that a high 
percentage of patients were on replacement therapy. With 
the rapidly increasing number and age of HCT patients, fur-
ther study will be crucial. Current recommendations include 
close collaboration with endocrinology specialists to begin 
monitoring for osteoporosis post-HCT regardless of age, 
optimization of vitamin D level, minimization of inactivity 
and steroid exposure, limited course of sex hormone therapy 
replacement, and bisphosphonates for patients on steroids 
for greater than 2 months [229].

 Thyroid
Disruption of thyroid gland dysfunction is one of the most 
common endocrine complications of transplantation and 
has been best characterized in children and after allogeneic 
transplantation [12, 230–234]. At one large center where 
pre- and post-transplantation serum thyroid function test-
ing was routine, 259 adult patients who did not have pre-
existing thyroid disease and who had survived ≥2  years 
after allogeneic transplant were analyzed. Of all patients, 
30.5% developed thyroid dysfunction, and 11% of these 
patients had clinically apparent disease (8% with hypothy-
roidism and 3% with hyperthyroidism). The median time to 
thyroid dysfunction was 3.03 years, and high-dose TBI was 
identified as a risk factor (68%). In contrast, other case 
series have revealed an association between TBI, TBI dose, 
increased age, and GVHD [9, 233, 235, 236]. It is likely 
that studies of longer duration with detailed analysis of 
immunosuppressive duration may be needed to understand 
the true incidence of thyroid dysfunction. Some data has 

indicated that the risk for thyroid carcinoma is higher in 
HCT patients. In one such study with an extended period of 
follow-up of 791 pediatric patients, thyroid masses were 
detected at a median of 9.9  years post-transplant and 
occurred in 0.02% of patients [237]. In this report, over 
two-thirds of the masses were papillary carcinomas, and 
the remainders were benign [237].

 Reproduction/Fertility

Although limited, the majority of reports regarding the 
impact of HCT on gonadal function have focused on ovar-
ian failure due to the toxicity of the conditioning regimen, 
reported to be 44–100% with correspondingly lower preg-
nancy rates [5, 13, 238–241]. Jadoul and Donnez provided 
an informative review of published data [13]. TBI is associ-
ated with the highest risk of ovarian failure, decreased 
potential for recovery of function, and the lowest subse-
quent pregnancy rates [13]. Risk from TBI increases if the 
female is older than 10 years old and/or is postpuberty. A 
total dose of 10 cGy appears to result in nearly universal 
ovarian failure. Myeloablative doses of chemotherapy, 
most commonly cyclophosphamide, busulfan, or melpha-
lan, are also associated with rates of ovarian failures as high 
as 70–100%, with risk also associated with age and mel-
phalan being possibly less gonadotoxic than busulfan. The 
decreased risk for irreversible ovarian failure resulting 
from the conditioning regimen in younger females is 
believed to be, in part, due to an increased number of non-
growing follicles in younger girls. However, complex 
effects on the vasculature of the ovary and uterus are not 
fully understood.

True impact on fertility can only be determined by analy-
sis of spontaneous pregnancy rates and live births in large 
population of post-BMT patients with adequate follow-up 
and sufficient homogenicity regarding factors such as age at 
time of transplant, prior and pre-transplant gonadotoxic ther-
apies, and hormonal therapies. There is no definitive labora-
tory test to determine ovarian function [241]; however, 
follicle-stimulating hormone and anti-Mullerian hormone 
are potentially useful.

Approaches to facilitate future reproductive potential 
include gamete preservation by ovarian fragment, oocyte, 
or sperm banking, reducing ovarian gonadotoxic therapy, 
and attempts to protect the ovaries by administration of 
gonadotropin- releasing hormone. Timely referral to a spe-
cialist in reproductive endocrinology as part of transplant 
preparation may maximize future fertility and/or options 
for reproduction [204, 242]. Reduced intensity and/or non-
myeloablative preparative regimens may also result in 
reduced gonadal toxicity and is currently under study.
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 Immunomodulatory Therapies: Lessons 
from Rituximab and Checkpoint Inhibitors

The use of therapeutic immunomodulatory antibodies in the 
treatment of cancer continues to expand. Rituximab, an engi-
neered chimeric antibody against the CD20 surface protein 
on B cells, was licensed in 2006 for treatment of non- 
Hodgkin’s lymphoma but is now widely used for a wide range 
of malignancies and autoimmune disorders and is being stud-
ied as an adjunctive treatment for GVHD.  Although ritux-
imab treatment results in a prolonged and profound depletion 
of B cells, there has been a paucity of infectious complica-
tions even in HCT patients possibly due to the fact that plasma 
cells do not express CD20. Infectious complications reported 
include progressive multifocal leukoencephalopathy due to 
JC virus, hepatitis B reactivation, and impaired immunoglob-
ulin response to influenza vaccine immunization. To date, no 
increase in infection-related mortality has been reported in 
HCT patients who received rituximab [243, 244].

Antibodies against regulators of peripheral immune toler-
ance, such as the protein receptors CTLA-4 (cytotoxic 
T-lymphocyte-associated protein 4) and PD-1 (programmed 
cell death 1), result in the “immune checkpoint blockade.” 
Interestingly, adverse effects of these therapies mirror genetic 
autoimmune polyendocrinopathies (e.g., colitis, thyroiditis, 
hypophysitis, type-1 diabetes, and adrenal insufficiency) and 
are reported in over 10% of recipients [245, 246]. The use of 
checkpoint inhibitors to reduce relapse after autologous 
HCT is an area of active study. The utility of these drugs after 
allogeneic HCT is being approached with caution given pre-
clinical mouse models demonstrating augmentation of allo-
reactive T-cell proliferation and GVHD.  A retrospective 
analysis of 39 patients with lymphoma who had received a 
PD-1 inhibitor median of 62 days prior to allogeneic HCT 
was found to have significant reductions in both PD-1+ T 
cells and ratios of Treg cells to CD4+ or CD8+ cells; how-
ever, conclusions cannot yet be made regarding impact of 
prior treatment on GVHD [243].

 Sleep Disorders

Information regarding disruptions in sleep in HCT recipients 
is frequently captured by questionnaire studies regarding qual-
ity of life with limited data regarding short- versus long- term 
effects [247–250]. Studies by Bevan et al. and Rischer et al. 
report that as many as 77% of HCT patients experience sleep 
disturbances, most notably during the peri-transplant period. 
However, there is limited published data regarding sleep using 
standard tools of assessment [249, 251]. Nelson et al. recently 
reported the prevalence and severity of sleep disruptions as 
measured by actigraphic data from 7 consecutive 24-hour 

periods and accepted self-report scales in 84 patients who had 
undergone autologous transplant 6–18 months prior to enroll-
ment [252]. The demographics of their patients was notable 
for a median age of 60 years and 45%, 4.8%, and 11% self-
identified as female, Hispanic, and nonwhite, respectively. In 
their study, 41% of patients reported significant sleep disrup-
tion which correlated with a decrease in objectively calcu-
lated total sleep time, but no other measures of sleep 
disruption. Interestingly, both younger and Hispanic patients 
took longer to fall asleep (sleep latency). In all groups, lon-
ger sleep latency correlated with increase in fear of cancer 
recurrence. Hispanic patients were more likely to have worse 
quality of sleep than non- Hispanic patients. As has been pre-
viously reported, sleep disruption decreased with increased 
time since transplantation. Average sleep efficiency was 
below the lower level of recommended sleep quality. 
Interestingly, subjective reports were considered to be the 
more clinically relevant outcome, but did not correlate well 
with objective data from actigraphy. Collectively, data sup-
ports increased awareness of the profound consequences and 
need for interventions for sleep disruptions in HCT patients 
[247, 249, 251–253]. Additional studies, especially longitu-
dinal, with attention to factors such as age, cancer status, and 
ethnicity are needed.

 Conclusions
Post-HCT patients may experience a variety of infectious 
and noninfectious complications. Patients are susceptible 
to a variety of viruses, bacteria, and fungi. Noninfectious 
complications can involve any organ and include GVHD, 
which can severely decrease quality of life, lead to mul-
tiple other comorbidities, and decrease survival. 
Knowledge of such complications can help physicians, 
patients, and caregivers plan accordingly, anticipate vigi-
lantly, and treat promptly.
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 Introduction

Receiving the diagnosis of a hematopoietic malignancy is a 
terrifying experience, often leading to a hematopoietic stem 
cell transplant (HCT) as a potentially life-saving interven-
tion. While physicians recognize the magnitude of the HCT 
process and oncologists make all efforts to communicate the 
challenging nature of HCT experience, most patients would 
agree that they still did not realize how multidimensional and 
all-encompassing the HCT process can be. In the time lead-
ing up to the post-HCT period, patients have already endured 
so much that they are emotionally and physically depleted 
heading into the post-HCT period.

 Impact of HCT Hospitalization

Regardless of HCT type, the pre-HCT period and hospital-
ization is marked by invasive medical procedures. Studies 
have shown that this can leave a lasting impact beyond the 
expected physical pain and distress, including changes in 
one’s body image and loss of a sense of personal control [1]. 
Many prospective studies have followed the development of 
anxiety, depression, and emotional distress during their hos-
pitalization. One longitudinal prospective study followed 
anxiety and depression rates from the time of admission to 
day 28 and beyond post-engraftment [2]. The study found 
that 10% of patients already have the presence of anxiety and 
depressive symptoms on admission [2]. Anxiety remained 
present throughout hospitalization unresolved and with 
unchanged prevalence rates. Depressive symptoms on the 
other hand increased during the hospitalization from 10% on 

admission to a peak depression incidence of 22% at 2 weeks 
[2]. Patients most vulnerable to developing depression were 
females, those with introverted personality traits, and patients 
with higher anxiety and poor performance on admission [2].

The emotional state and level of distress have been an area 
of interest for many studies, but variations in methods of quan-
tifying and classifying this distress impede head-to-head com-
parison. Prospective research does demonstrate that 
approximately 40% of HCT patients will develop a clinically 
significant psychiatric disorder, mostly adjustments disorders, 
depression, anxiety, and delirium [1, 3, 4]. As one would 
expect with patients undergoing HCT, there are many medical 
variables that contribute to the likelihood of emotional dis-
tress, including steroid use, higher regimen-related toxicity, 
acute graft-versus-host disease (GVHD), and type of HCT 
performed. These variables are often statistically controlled 
for when attempting to assess the impact of psychiatric mor-
bidity on post-HCT outcomes. Studies identified several inde-
pendent predictors for the development of emotional distress, 
such as low personal control, high pre-transplant anxiety or 
depression, and past psychiatric history [1, 5–7]. These predic-
tors or risk factors should be considered and included in pre-
transplant psychiatric screening as a way of identifying 
high-risk patients who may benefit from additional psychoso-
cial support. The types of support while patients are hospital-
ized can range from visits from loved ones, chaplain/spiritual 
care, to brief focused psychotherapy or psychoeducational 
interventions with social work or psychiatry consultants [8, 9].

 Post-HCT Psychiatric Sequelae

There is a certain relief that comes when an HCT patient 
achieves a state of medical stability to the point of being able 
to leave the acute care setting. The completion of another 
phase of treatment and transitioning into the survivorship 
phase is bittersweet for many HCT recipients. Many patients 
will go on to experience long-term physical effects from the 
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toxicity and immunosuppression involved in HCT treatment 
itself (please see Chap. 40), not to mention psychological 
and emotional distress inherent in such a taxing experience.

In fact, many clinical studies have examined the impact 
on HCT survivors’ quality of life (QOL) and their psycho-
logical and emotional well-being. Challenges in synthesiz-
ing the available literature on the subject include lack of 
structured clinical interviews limiting knowledge of psychi-
atric diagnoses, complex interplay between physical aspects 
of HCT treatment and mood disturbance, use of self-report 
measures with limited applicability to HCT or cancer popu-
lation, and difficulty identifying predictors due to variations 
in measures used and diverse medical histories [10].

Despite limitations, all healthcare providers understand 
that some form or variation of psychosocial distress is inevi-
table. The National Comprehensive Cancer Network 
(NCCN) created guidelines in 2018 for the recognition, eval-
uation, and treatment of cancer-related distress [10]. The 
term distress is broadly defined as “a multifactorial unpleas-
ant experience of a psychological (i.e., cognitive, behavioral, 
emotional), social, spiritual, and/or physical nature that may 
interfere with the ability to cope with cancer treatment, and 
its physical symptoms” which “extends along a continuum, 
from common normal anxiety, panic, social isolation, and 
existential and spiritual crisis [10].”

 Depression

The development of sadness while undergoing, for most, the 
most daunting, terrifying experience of their lives is expected 
to some degree. However, when sadness transitions to point 
of impacting a patient’s ability to function, it translates to 
lack of participation in medical care, heightened somatic 
symptoms, prolonged hospital stays, and nonadherence. In 
fact, depression is the most well-studied psychiatric diagno-
sis in the HCT literature. The rates of depression in HCT 
survivors vary depending on time point in HCT process from 
time of hospital admission to 10-year post-HCT, but it is esti-
mated that 15–20% of HCT patients will develop major 
depressive disorder (MDD) at some point [12].

Despite the robust quantity of literature examining psychiat-
ric symptoms in HCT patients, most studies have utilized brief 
self-report measures that are not always based on the diagnos-
tic Diagnosis and Statistical Manual (DSM) criteria, thus only 
suggesting presence of a disorder [13]. In fact, psychiatric 
symptomatology is often embedded within other psychological 
health or QOL measures. In recent years, more research studies 
are attempting to include structured clinical interviews so that 
psychiatric prevalence data can be collected and utilized for 
purposes of developing treatment interventions.

Diagnosing depression in an HCT population must take 
into account the significant overlay between the expected 

physical effects from treatment toxicity and the classic neu-
rovegetative symptoms of major depression. Psychiatrists 
working with the medically ill patients have long performed 
psychiatric assessments recognizing the significant overlap 
between physical symptoms associated with medical illness 
and classic neurovegetative symptoms of depression [14]. 
Consultation-liaison psychiatrists commonly focus more on 
the depressive nature of their cognitions when diagnosing a 
depressive disorder and less so on the physical effects. 
Depressive cognitions include negative feelings or thoughts 
of self, feeling like a burden, thinking that people “would be 
better off without me,” helplessness, and hopelessness or 
despair. This is not to say that the physical effects of depres-
sion are not present in depressed HCT patients but that they 
are less reliable indicators and symptoms when assessing 
severity of depressive symptoms [12–14].

Prevalence rates of depression vary depending on time 
point of patient in HCT process. Many studies have found that 
depression rates are highest when patients are hospitalized, as 
high as 31–38% [5], and in the midst of physical, emotional, 
and psychological stress, but then gradually decline over the 
course of the first post-transplant year [14–16]. Length of the 
longitudinal studies varies with many focusing on the first few 
years post-transplant. Other studies that have evaluated depres-
sion as far as ten years post-transplantation find that risk of 
psychological distress and depression gradually declines with 
time from HCT; and, in some, rates of anxiety and depression 
are comparable to population norms [17, 18]. Long-term sur-
vivorship depression rates are estimated to be approximately 
11% in HCT population [17, 19].

Depression carries significant implications for HCT 
patients’ long-term medical outcomes and has been associ-
ated with increased hospital length of stay and nonadherence 
to post-HCT regimen [2, 5, 19, 20]. There is currently a 
mixed evidence base regarding depression’s impact on mor-
tality. Some studies have found a positive correlation with 
higher mortality, while others have not replicated or sup-
ported this relationship [16, 21, 22]. Many have wondered if 
depression is merely a surrogate marker for illness severity 
or whether it impacts survival directly, but currently the rela-
tionship between psychiatric morbidity/depression and mor-
tality/survival remains unclear in HCT population [21].

Several studies have been conducted with the goal of iden-
tifying which patients are at highest risk for depression, so 
that appropriate interventions can be developed and imple-
mented. Many different sociodemographic or various clinical 
factors have been evaluated, with mixed results for some fac-
tors. The most consistent risk factors for the development of 
depression were younger age, lower socioeconomic status, 
chronic pain, and the presence of GVHD [19] (See Table 41.1). 
Those with moderate to severe depression have been found to 
have worse QOL and reduced social functioning; however, 
depression did not impact return to work rates [23, 24].
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The most worrisome symptom of depression is suicidal-
ity, representing the continuum of suicidal ideation, intent, 
self-injurious behavior, attempts, and completed suicide 
[25]. Little epidemiologic data is known about suicidality in 
the HCT population; however, few studies have included sui-
cidal ideation in secondary measures. One comparison study 
found that suicidal ideation was 13 times more likely to 
occur in depressed HCT patients than nondepressed HCT 
patients [19]. A prospective study found that 6.7% HCT sur-
vivors reported suicidal thoughts, but when rates were 
adjusted for household income, it eliminated the difference 
between the HCT survivor and their sibling comparison 
group [18]. Interestingly, there was no association between 
suicidality and the presence of multiple medical problems; 
however, negative patients’ perceptions of their health status 
were associated with an increased likelihood of reporting 
suicidal ideation. This association highlights the impact that 
a patient’s perception can have on their medical care [18].

Lastly, many have hypothesized that there is a genetic 
vulnerability to the development of depression or emotional/
psychological stress. The diathesis-stress model was first 
proposed in the setting of understanding the origins of 
schizophrenia and then later applied to depression. The dia-
thesis-stress model essentially proposes that “there is a syn-
ergism between the diathesis and stress that yields an effect 
beyond their combined separate effects into depressive 
symptomatology and thus, the effects of stress on the depres-
sion risk are dependent on the diathesis [26].” One retrospec-
tive study of 107 HCT patients evaluated the relationship 
between genetic factors and psychological distress [27]. 

While there was no association found with most genetic fac-
tors (i.e., 5HTTLPR, STin2, FKBP5, CRHR1 TAT haplo-
type), the single nucleotide polymorphism of brain-derived 
neurotropic factor (BDNF) Val66Met demonstrated a non-
statistically significant association with depression develop-
ment, possibly due to small sample size. However, this may 
indicate a genetic vulnerability toward the development of 
psychological distress or depression [27].

 Anxiety

Anxiety is a feeling of worry, nervousness, or unease, typi-
cally about an imminent event or something with an uncer-
tain outcome. In the setting of an HCT, a sense of uncertainty 
is inevitable given the inability to predict whose HCT will be 
curative or potentially lead to their death. Additionally, there 
is significant amount of anticipatory anxiety related to the 
expectation of the high-dose chemotherapy or body irradia-
tion, high-risk period of heightened vulnerability to infec-
tions, HCT infusions, prolonged hospitalization, and 
neutropenic medical isolation [13, 28, 29].

Anxiety can take on many forms and presentations, but it 
can be helpful to categorize anxiety manifestations into 
physical and psychological symptoms. The physical compo-
nents of anxiety include the hyperactivity, restlessness, and 
inability to relax or sit still. These can be side effects of the 
treatment itself, such as steroids, opioids, hormonal block-
ers, and antiemetics and thus can often be ameliorated by a 
medication change or dose adjustment.

The psychological aspects of anxiety are not as straight-
forward or easy to treat. Many patients with cancer and HCT 
struggle with health, family, and personal fears that, to some 
degree, are expected and appropriate. However, for a signifi-
cant minority of patients, anxiety symptoms can be disabling 
and detrimental to quality of life. Commonly experienced 
fears include that of death, recurrence, physical pain, or dis-
comfort (see Table 41.2). One study found that 23–29% of 
HCT patients experience a significant fear of illness progres-
sion [28]. It also appears that younger age is associated with 
this fear of progression in the post-allogeneic HCT popula-
tion [29]. In one study, 27% of patients had moderate to 
severe anxiety symptoms, 29% had fear of progression, and 
15% were with significant posttraumatic stress disorder 
(PTSD) symptoms [29].

While there are no direct comparison investigations, one 
study found rates of psychological distress to be similar 
among a predominantly autologous population and mixed 
autologous/allogeneic populations [29]. With the higher 
transplant-related mortality risk with allogeneic HCT, most 
would assume that allogeneic HCT would also be associated 
with a higher rate of distress. However, if rates of psychologi-
cal distress are similar between HCT types, it may indicate a 

Table 41.1 Risk factors associated with various psychiatric disorders

Depression Anxiety PTSD Delirium
Younger ages
Chronic pain
Female gender
Severity of 
cGVHD
Pre-HCT 
distress
Low 
self-reported 
emotional 
functioning
High physical 
symptom 
burden 
pre-HCT

Low income
Poor 
self-reported 
health status
Exposure to 
prednisone

Negative 
appraisal of 
HCT 
experience
Use of 
avoidance-
based coping 
strategies
Lower levels 
of social 
support
Greater social 
constraint
Prior exposure 
to negative life 
events
Poorer 
physical 
functioning
Presence of 
pre-HCT 
distress

Post-HCT:
Higher opioid 
requirements
Current/prior 
pain
Impaired renal 
function (higher 
BUN/CR, lower 
CrCl)
Lower oxygen 
saturation
Lower 
hemoglobin
Lower albumin

References: [2, 5–7, 12, 18, 19, 29, 31, 32, 38, 40, 47, 51]
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stronger influence of the patient’s perception of danger and 
fear on their distress levels as compared to the actual evi-
dence-based risk [29].

 Posttraumatic Stress Disorder

Undergoing either an autologous or allogeneic HCT pro-
vides the unfortunate perfect milieu of triggers to induce 
trauma-based disorders, including acute stress disorder 
(ASD) and PTSD. While HCT is a well-established treat-
ment and provides hope for a cure for many with hemato-
logic malignancies, it also carries with it high levels of 
uncertainty, morbidity, and mortality [30]. This sense of 
uncertainty and psychological distress is overlaid on extreme 
conditions, including high rate of medical complications, 
tentative chances of survival, and prolonged periods of medi-
cal isolation in hospital [32]. It is not a surprise then that 
HCT patients go on to develop ASD, posttraumatic stress 
symptoms (PTSS), and PTSD at a higher rate than the gen-
eral population. In fact, studies estimate PTSD rates between 
15–28% in HCT patients [29–32].

Many studies suggest that the rates of psychological dis-
tress, depression, and anxiety are high in the phase leading 
up to transplant and remain elevated up to 2  weeks after 
transplantation [33–35]. Psychological distress then pro-
ceeds to drop off with decreases noted at 3  months, 
12 months, and 2-year post-transplant [34, 36, 37]. One pro-
spective study found that HCT patients who experienced a 
decrease in QOL and an increase in depressive symptoms 
during their hospitalization (admission to week 2) had higher 
rates of PTSD symptoms and lower QOL 6  months post-
HCT [32]. Prevalence of PTSD or PTSS seem to peak around 
the 6-month mark as one study found rate of 28% at 6 months 
post-HCT [32] and, unfortunately, PTSD or PTSS symptoms 
can persist in up to 41% of patients for up to 10 years post-
HCT [38, 39].

Many studies have been conducted to identify which HCT 
patients are most vulnerable to the development of PTSD. The 

identified psychological and psychosocial risk factors 
include negative appraisals of the transplant experience, use 
of avoidance-based coping strategies, lower levels of social 
support, greater social constraints, greater number of nega-
tive life events, history of psychological disturbances, cur-
rent psychological distress, and reduced physical functioning 
[9, 38, 40].

There have been a few novel approaches taken to target 
PTSD symptoms in the HCT population. Cognitive behav-
ioral therapy (CBT) interventions have been shown to 
decrease emotional distress. In fact, one study showed that a 
ten-session telephone-based cognitive behavioral (T-CBT) 
intervention with HCT survivors can decrease PTSD symp-
toms, general distress, and depressive symptoms even up to 
12  months post-intervention [41]. However, an internet-
based coping intervention in HCT patients did not demon-
strate any effect on psychological functioning or distress 
[42]. It was postulated that the internet-based approach 
impeded the development of a therapeutic relationship or 
alliance. However, another T-CBT intervention with HCT 
survivors found that higher therapeutic alliance prospec-
tively predicted reductions in depressive symptomatology; 
higher task scores predicted decreased overall distress, reex-
periencing, avoidance, and depressive symptoms; and higher 
bond scores predicted decreased reexperiencing and depres-
sive symptoms [43, 44].

 Delirium and Neurocognitive Effects

Delirium is the most common psychiatric disorder diagnosed 
in the acute care setting [45]. Up to 50% of HCT recipients 
will experience a delirious episode at some point during the 
first 4 weeks post-HCT [46, 47, 54]. Delirium has been asso-
ciated with many acute and long-term negative outcomes, 
including prolonged hospital stays and increased morbidity 
and mortality [46–52]. Unfortunately, approximately 50% of 
delirium cases in advanced cancer patients go unrecognized 
missing an opportunity for an intervention [46, 53].

Table 41.2 Most commonly experienced biopsychosocial effects

Biopsychosocial implications for HCT patients
Biologic Psychologic Social
Pain
Fatigue
Poor sleep
Poor appetite
Poor concentration
Oral symptoms: Mucositis, sores
Skin changes
Sexual dysfunction
Infertility
Low functionality

Loss of independence
Changes in body image
Fear of recurrence/death
Intrusive recollections
Sense of isolation/stigmatization
Uncertainty regarding future
Concerns about illness, treatments, and side effects

Financial uncertainty/insecurity
Career stunting
Relationship changes
Disruption of personal goals
Inability to engage in social activities

References: [1, 2, 6, 8, 10, 17, 29, 30]
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Few studies have investigated the risk factors associated 
with the development of delirium pre- and post-HCT trans-
plant. The identified post-HCT risk factors for delirium 
include higher opioid requirements, current/prior pain, renal 
dysfunction, lower oxygen saturation, lower hemoglobin, 
and lower albumin [46, 47].

In one study, HCT patients who experienced a delirious 
episode during the first 4 weeks after transplantation were 
compared to HCT patients without delirium [56]. At 
6  months, those with delirium had significantly more dis-
tress, fatigue, worse physical health, higher cognitive impair-
ments (memory, executive functioning, attention, processing 
speed), decreased health-related QOL (HRQOL), and sub-
jective neurocognitive dysfunction [56]. At 1 year, all effects 
remained persistent with the addition of worse depressive 
and PTSD symptoms [51, 52].

Many patients subjectively identify cognitive difficulties 
often referred to as “chemo-brain.” It may be difficult to dis-
entangle which effects are primary versus secondary to the 
malignancy and/or due to other comorbid medical problems 
[55]. However, studies have identified that HCT patients who 
had received cranial irradiation or intrathecal chemotherapy 
as part of the initial treatment or preparation for HCT were at 
a higher risk for development of neurocognitive impairments 
[55, 57]. One study specifically examined the effects of total 
body irradiation in HCT patients and found that 60% of 
patients had mild to moderate cognitive impairments up to 
82 months post-HCT [58].

The most common impairments were in areas of selective 
attention, executive function, information processing speed, 
psychomotor coordination, verbal learning, and verbal/visual 
memory [56, 58]. Some studies support that some cognitive 
functioning can be restored up to 1 year post-HCT [57–59]. 
One longitudinal study noted significant recovery of cognitive 
functioning in HCT recipients from the transplant to up to 
5 years in all domains, except verbal recall and motor dexter-
ity; however, 41.5% of patients still maintained mild to greater 
global deficit scores compared to 19.7% of controls [59].

 Somatic Symptoms

The most frequently reported somatic symptoms by HCT 
patients include fatigue, general weakness, oral sores or 
pain, nausea, diarrhea, insomnia, and sexual dysfunction [57, 
60–62]. This section will highlight a few key somatic symp-
toms that have implications in the diagnosis of psychiatric 
disorders or sequelae, including fatigue, insomnia, and 
effects of GVHD.

Fatigue is the most frequently reported somatic symptoms 
post-HCT.  Fatigue has been shown to affect transplant-
related distress and impair physical functioning and QOL for 
at least 5 years post-HCT [63]. Studies have shown rates of 

severe fatigue to be 30–42% in post-HCT patients, but the 
longitudinal course of fatigue severity is not fully clear [62, 
64]. The data suggests that there is potential for fatigue 
improvements in the 3–4 years post-HCT, but for approxi-
mately 25% of patients, severe fatigue symptoms persist 
beyond the 10–15-year mark [11, 63, 64]. Risk factors for 
the development of fatigue post-HCT include female sex, 
current chronic pain, current severity of chronic graft-versus-
host disease (cGVHD), and younger age [65].

Sleep disturbances are common amongst post-HCT 
patients with prevalence of 50% pre-transplant, up to 82% 
during hospitalization, and up to 43% post-HCT [65, 66]. 
One study found that sleep worsened during the first 4 weeks 
post-HCT transplant but improved by the end of first 
100 days [67–69]. The survivorship guidelines recommend 
screening for sleep disruption at regular time points citing 
fact that insomnia has been associated with decreased day-
time functioning, worse QOL, and distress [68]. An interest-
ing relationship between the quality of sleep and inflammation 
in cancer patients has been evaluated with specific associa-
tions found with IL-6, IL-1RA, and TNF-α [70]. This rela-
tionship has not been well-studied in the HCT population in 
particular, but one study in HCT patients demonstrated that 
poorer sleep quality was associated with higher levels of 
IL-6 and greater burden of depression and anxiety [66].

GVHD is a complication associated with allogeneic HCT 
where the newly transplanted cells attack the recipient’s 
body. The presence of acute or chronic GVHD has been 
associated with decline in physical functioning, QOL, emo-
tional well-being, general health, and role functioning [12, 
14, 57, 71, 72]. Chronic GVHD has been also shown to 
impact HCT survivors’ likelihood of returning to work, but 
there is potential for improved QOL over time despite 
cGVHD [17, 35, 57, 71, 72].

Quality of life is defined as “satisfaction with psychologi-
cal, cognitive, physical, and social aspects of functioning 
[73].” QOL reductions have been found to be associated with 
transplant-related distress, higher somatic complaints or 
symptom burden, presence of GVHD, lower physical func-
tioning, and lower levels of social support [35, 74]. In the 
post-HCT period, the most prevalent concerns for survivors 
were management of physical symptoms, maintaining health 
status, maintaining employment, changes in appearance, and 
lack of sexual interest/satisfaction, which suggests that QOL 
interventions should address those aspects post-HCT [63].

 Treatment Recommendations and Areas 
of Future Development for HCT Survivors

Multiple studies in HCT patients have found that the most 
common unmet needs are psychiatric in nature, including 
depression, anxiety, fear of recurrence, and cognitive deficits 
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[75–77]. These unmet psychiatric needs may be a manifesta-
tion of underdiagnosis or underrecognition of psychiatric 
symptomatology, thus leading to overall undertreatment of 
these disorders [29]. It is estimated that only 39% of HCT 
patients endorsing distress were prescribed any psychotropic 
medications and only 22% were engaged in some form of 
psychotherapy [29]. See Table 41.3 on important psychotro-
pic medication class considerations in HCT patients.

The NCCN publishes guidelines for a comprehensive 
approach to the management of cancer-related distress [10]. 
These guidelines are updated at regular intervals with the 
most recent release at beginning of 2018. They detail the 
assessment of distress from point of screening with their 
validated NCCN Distress Thermometer Screening Tool all 

the way to the identification and diagnosis of psychiatric dis-
orders [10]. Each psychiatric disorder class has its own set of 
specific treatment guidelines highlighting appropriate evalu-
ation, treatment, and follow-up. All NCCN guidelines can be 
found on www.nccn.org. See Fig.  41.1. Algorithm for the 
Management of Cancer-Related Distress and Psychiatric 
treatment.

An important aspect of addressing cancer-related distress 
is recognizing that unrelieved physical symptoms must first 
be managed in an effort to mitigate their impact on, or con-
found, psychiatric symptomatology assessments [10]. 
Additionally, receiving a diagnosis of a hematopoietic malig-
nancy is expected to be distressing, and it is considered 
within the range of normal to experience symptoms of fear, 

Table 41.3 Psychotropic medication considerations in HCT patients

Medication class Medication names Indications Important considerations
Antidepressants SSRI Fluoxetine

Escitalopram
Sertraline
Citalopram
Paroxetine

Depression
Anxiety
PTSD
Dementia-related 
agitation

Increased risk of bruising and bleeding due to 
decreased platelet aggregation.
SSRI most associated with abnormal bleeding – 
Fluoxetine, paroxetine, sertraline – Given high 
serotonergic effects.
Avoid use with other medications potentiating 
bleeding risk: NSAIDs, aspirin
Varying CYP450 profiles with – Fluoxetine, 
paroxetine, duloxetine – With most interactions
SNRI medications have the added benefit of 
assisting with chronic neuropathic pain.

SNRI Venlafaxine
Desvenlafaxine
Duloxetine
Levomilnacipran

DNRI Bupropion Depression
Fatigue
ADHD

Can induce CNS stimulation – Restlessness, 
anxiety, insomnia
Risk of appetite suppression
Reduces seizure threshold and has been 
associated with seizures in setting of electrolyte 
imbalances

Tetracyclic Mirtazapine Depression
Anxiety
Insomnia
Appetite stimulation
Nausea

Agranulocytosis occurs in ~1/1000 (similar to 
other antidepressants), which can occur early 
and late into treatment.
Often used purely for sleep and/or appetite 
stimulation
Risk of sedation given anti-histamine properties 
and long half-life
May confer mild antiemetic properties via 5HT3 
antagonism

TCAs Amitriptyline
Nortriptyline
Desipramine
Clomipramine

Depression
Anxiety
Insomnia
Neuropathic pain

Risk for cardiotoxicity and should be avoided in 
heart disease patients (i.e., orthostasis, 
conduction abnormalities, arrhythmias)
Anticholinergic properties can lead to blurry 
vision, dry mouth, constipation, urinary 
retention, and confusion/delirium
Risk for daytime sedation via anti-histamine 
properties

MAOIs Selegiline
Phenelzine
Tranylcypromine

Depression
Anxiety

Should not be used in the medically ill and 
avoided if possible
Selegiline comes in transdermal patch only to be 
considered in select patients with inability to 
tolerate oral medications

R. Garcia
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Table 41.3 (continued)

Medication class Medication names Indications Important considerations
Anxiolytics Benzodiazepine Lorazepam

Clonazepam
Diazepam
Alprazolam

Acute anxiety
Chronic anxiety (less 
preferred)

Effective for the short-term management of 
acute anxiety
Should be avoided in long-term treatment due to 
risk of tolerance, dependency and cognitive 
impairment
Proven deliriogenic properties that is dose 
dependent
Discontinued/tapered if delirium arises
Plan should be in place to taper and discontinue 
use when used for >2 weeks
Risk of sedation, falls and respiratory depression 
(especially with opioids)
Should be avoided purely for indication of sleep

Non-
benzodiazepine

Hydroxyzine
Gabapentin
Guanfacine

Acute anxiety Hydroxyzine: Risk of sedation, dry mouth, 
constipation
Gabapentin: Avoid in significant renal 
impairment; risk of sedation, myoclonus, 
confusion/neurotoxicity
Guanfacine: Ideal for physiologically driven 
anxiety of racing heart, restlessness, tension; risk 
of hypotension, bradycardia

SSRI, SNRI, TCA, 
MAOI classes

Chronic, long-term 
anxiety

Antipsychotics 1st generation
(typical)

Haloperidol
Chlorpromazine
Fluphenazine
Loxapine

Delirium
Dementia related 
agitation
Severe anxiety
Depression 
augmentation
Schizophrenia
Schizoaffective 
disorder
Bipolar disorder
Steroid-induced mood 
or psychotic disorders

Risk of parkinsonism, bradykinesia, tremor, 
cogwheeling, rigidity, akathisia
Varying sedative properties depending on 
neurotransmitter receptor profile
Risk of QTc prolongation, avoid use of other 
QTc prolonging medications
Agranulocytosis occurs in ~1/1000 in this class
Neuroleptic malignant syndrome (NMS) risk is 
higher than with atypicals

2nd generation 
(atypical)

Risperidone
Ziprasidone
Olanzapine
Aripiprazole
Quetiapine
Paliperidone
Lurasidone
Clozapine

Neutropenia occurs in ~4% with risperidone, 2% 
with quetiapine or paliperidone, and ~1% in 
atypicals as class
Cases of severe neutropenia or agranulocytosis 
reported but are rare.
Risk for orthostasis, sedation, urinary retention, 
dry mouth, parkinsonism (less than typicals)
Risk of NMS and can contribute to risk of 
serotonin toxicity
Risk of thrombocytopenia with quetiapine
Avoid clozapine due to additive risk of 
myelosuppression
Olanzapine has evidence for improved 
chemotherapy-induced nausea/vomiting control 
when combined with standard antiemetics

Mood stabilizers Anti-epileptic 
drugs (AEDs)

Valproic acid
Carbamazepine
Oxcarbamazepine
Topiramate

Bipolar disorder
Schizoaffective 
disorder
Delirium
Impulsivity
Steroid-induced mood 
disorders

Thrombocytopenia and hemolytic anemia 
associated with AED use.
Valproate associated with thrombocytopenia 
(5–40%), neutropenia (5–26%), pancreatitis
Carbamazepine has 0.5% risk of neutropenia
Risk of sedation, cognitive slowing/blunting, 
weight gain

Non-AED Lithium Lithium can induce thrombocytosis and 
leukocytosis
Contraindicated in patients with renal 
dysfunction, cardiovascular disease
Multiple drug interactions with anti-HTN meds 
(ACEI, diuretics)
Level is sensitive to renal function and salt and 
water balance with narrow therapeutic index

(continued)
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worry, and sadness [8, 10, 18, 28, 29]. Hence, being aware of 
the expected distress symptoms and first-line supportive 
interventions is crucial to reducing risk of distress escalating 
to point of developing a psychiatric disorder.

When a psychiatric disorder does develop, or is present 
pre-HCT, management should be based on an individualized 
combination of psychotherapy and psychopharmacology. 
Many psychotherapeutic interventions have an evidence 
based in a cancer population, including educational-behav-
ioral interventions to improve adherence, group psychother-
apy, individual psychotherapy, and mindfulness meditation 
[10]. Psychotropic medications are commonly used in HCT 
patients despite the fact that there are no current randomized 
controlled trials specifically evaluating efficacy, tolerability, 
common adverse reactions, or special considerations in this 
population [57]. Additionally, the decision to initiate a psy-
chotropic medication in medically complex HCT patients 
requires thoughtful consideration of the patient’s current 
medical status, other medical comorbidities, onset of action, 
route of administration, potential for drug interactions, com-
mon adverse effects, and somatic symptom profile [78].

The principle of “start low and go slow” applies to this 
population given propensity for complex, multidrug medica-
tion regimens and significant risk of drug-drug interactions 
[78]. The treating psychiatrist absolutely requires an up-to-
date medication list and should be notified of any new medi-
cations or discontinued medications as it can lead to 
alterations in drug levels via cytochrome P450 (CYP450) 
interactions [79]. CYP450 interactions can potentially lead 
to toxicity symptoms via enzymatic inhibition of drug 
metabolism, or reduce effectiveness of a medication by 
induction effects [78, 79]. Collaboration with the primary 
oncologist regarding expected treatments, chemotherapy, 
and immunosuppressants can facilitate well-informed psy-
chotropic medication choices early and reduce likelihood of 

having to later make a medication switch to avoid pharmaco-
kinetic or pharmacodynamics interactions [57, 78, 79].

Psychotropic medications are well known for their pro-
pensity for adverse effects, which often negatively impacts 
primary oncologist’s comfort level managing psychiatric 
disorders. See Table 41.3 for review of relevant target symp-
toms, adverse effects, and beneficial secondary effects of 
certain medications.

For those with premorbid psychiatric disorders, long-term 
administration of psychotropic medications may be required 
and should be thoroughly discussed between the patient and 
treating psychiatrist. HCT patients who developed psychiat-
ric disorders in midst of the grueling HCT process may not 
require long-term psychotropic medication treatment. The 
decision to continue or to discontinue should be based on 
patient’s preferences, severity of psychopathology, psychiat-
ric symptom remission status, tolerability, and current level 
of functioning [10]. When deciding to discontinue psycho-
tropic medications, it is recommended that the dose be 
downtitrated under supervision of a psychiatrist or mental 
health provider.

 Conclusions
HCT survivors would greatly benefit from having access 
to and receiving appropriate psychiatric and psychological 
treatments. Given the pattern of especially heightened psy-
chological distress during the peri-transplant period and 
ongoing psychosocial needs, supportive services should 
be incorporated at all stages of the HCT process: pre-trans-
plant, during the transplant process, and years into the 
post-transplant period [80]. Important post-transplant 
interventions include normalizing frequent somatic com-
plaints and experiences, low threshold for proactive symp-
tom management with palliative care consultation, and 
facilitating the development of realistic and appropriate 

Table 41.3 (continued)

Medication class Medication names Indications Important considerations
Psychostimulants Amphetamine 

based
Methylphenidate
Dextroamphetamine
Dextroamphetamine
Amphetamine
Lisdexamfetamine

Depression
Fatigue
ADHD
Delirium

Commonly used to treat the classic 
neurovegetative symptoms of depression or 
fatigue/inattention in medically ill
Used to improve level of arousal/alertness in 
hypoactive delirium
Amphetamine-based meds can function as 
inotropes and thus can increase blood pressure, 
heart rate.
Risk of insomnia, hyperactivity, anxiety, 
psychosis/hallucinations, agitation, appetite 
suppression
Amantadine dose requires adjustment in renal 
impairments

Non-amphetamine 
based

Modafinil
Armodafinil
Amantadine
Atomoxetine

References: [57, 78, 79, 84–86]
DNRI dopamine/norepinephrine reuptake inhibitor, MAOI monoamine oxygenase inhibitor, TCA tricyclic antidepressant, SNRI serotonin/norepi 
ACEI angiotensin-converting enzyme inhibitor, ADHD attention deficit hyperactivity disorder, CNS central nervous system nephrine reuptake 
inhibitor, SSRI selective serotonin reuptake inhibitor

R. Garcia
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Distress
screen 
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Anxiety
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Personality
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spectrum
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emotional problems

Fig. 41.1 NCCN adapted 
guidelines for management of 
distress and psychiatric 
treatment
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short- and long-term expectations regarding the transplant 
process as a whole and the prolonged recovery period. 
Finally, there are many complementary and alternative 
medicine approaches or interventions that can provide 
additional layer of support and comfort to HCT patients, 
including the use of healing survivorship narratives, music, 
and exercise interventions [81–83].
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 Introduction

The journey of a patient suffering from end-stage organ fail-
ure is usually full of pathophysiological alterations and psy-
chosocial challenges. The perspective of organ transplantation 
brings about its own host of trials. Rates of anxiety and 
depressive disorders in this population are equal or higher 
than those in patients with other chronic medical conditions 
[1, 2]. If not identified and treated appropriately pre- or post- 
transplant, anxiety and depressive disorders may negatively 
impact graft and patients’ morbidity and mortality outcomes 
[3]. Neurocognitive disorders are common pre- and post- 
transplant [4–7]. These disorders can be exacerbated by 
exogenous substances as well as by other comorbidities and 
need to be recognized and appropriately treated in order to 
increase adherence to treatment, optimize quality of life, and 
improve graft and patient survival [3].

As with any other medically ill patient requiring psycho-
pharmacological interventions, medication choices derive 
from a careful and comprehensive psychiatric and medical 
history, a complete mental status examination, collection of 
collateral information whenever possible, review of pertinent 
tests, and arrival to a psychiatric diagnosis and differential. 
In transplant patients, given the severity of their organ failure 
as well as the possibility of multiple comorbidities, the phar-
macological management of psychiatric disorders requires 
special considerations, including pharmacokinetic, pharma-
codynamic, drug-drug interactions and attention to specific 
medical issues.

 Basic Pharmacological Concepts

 Pharmacokinetics

Pharmacokinetics describes the processes and transforma-
tions medications undergo in the human body, including 
absorption, distribution, metabolism and elimination of the 
drugs and their metabolites.

 Absorption
Drug absorption refers to the rate at which a pharmacologi-
cal compound leaves the site of administration and reaches 
the systemic circulation. Bioavailability refers to the per-
centage of the drug that successfully arrived to the systemic 
circulation compared to the initial given dose. It depends not 
only on the drug preparation but on the multiple factors that 
interfere with absorption in each individual situation. 
Absorption of a drug requires its pass through cell mem-
branes. Lipid soluble and non-ionized drugs are more easily 
absorbed than hydrophilic and ionized compounds. The oral 
route is the most common, inexpensive, and convenient 
means of drug administration. Most drug absorption from 
the gastrointestinal (GI) tract occurs by passive diffusion. An 
orally administered drug reaches the portal vein circulation 
after crossing the gastric or duodenal enterocyte and the 
endothelium of the capillary portal vein. The portal vein will 
carry the drug to the liver. However, the drug may undergo 
biotransformation at the intestine and the liver prior to reach-
ing the systemic circulation. This process known as the first 
pass decreases drug bioavailability. Other routes of adminis-
tration, such as the intravenous and sublingual, obviate the 
process of absorption, hence avoiding hepatic and intestinal 
first-pass elimination. Drugs that undergo extensive first- 
pass metabolism require a higher dose when given orally 
compared to intravenous administration. Factors that alter 
drug absorption include the surface area for absorption, the 
physical state of the drug (solid, solution, suspension), its 
water solubility, the drug concentration at the absorption site, 
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the presence of food, the presence of other drugs, gastric pH 
changes, vitamin D deficiency, changes in gastric emptying 
and intestinal motility, vomiting, intestinal flora, splanchnic 
blood flow, and the presence of intestinal edema. Additionally, 
the activity of enterocyte and hepatocyte membrane- 
embedded transporters such as the ATP-binding cassette 
(ABC) transporters can block the entrance of substrate drugs 
into the intestinal wall or into the hepatocyte, thus decreasing 
drug absorption.

 Drug Distribution
Once a drug reaches the systemic circulation, it is distributed 
throughout the body and its compartments. Factors that alter 
drug concentration and distribution to tissues and fluids 
include blood flow, nutritional state, membrane permeability, 
as well as drug characteristics such as lipophilicity or hydro-
philicity, drug pH, and protein-binding capacity. The term 
volume of distribution refers to the relationship between the 
total amount of drug in the body and the concentration of 
drug measured in a biological fluid. The volume of distribu-
tion seems larger for lipophilic drugs (most psychotropics) 
as these drugs are sequestered into lipid compartments, ren-
dering low serum levels. The opposite takes place for hydro-
philic drugs as they have high serum concentrations, hence, 
lower volumes of distribution. However, if edema is present, 
this causes expansion of the extracellular volume and may 
increase the volume of distribution of hydrophilic drugs, 
leading to lower serum concentrations.

 Drug Metabolism
Drug metabolism refers to the biotransformation of drug 
compounds into more polar, water-soluble, and inactive mol-
ecules that could then be eliminated via urine, bile, or stool. 
This biotransformation is accomplished by the metabolic 
enzyme systems largely found in the liver and the intestinal 
wall, particularly in the smooth endoplasmic reticulum of 
enterocytes and hepatocytes but also in the intestinal lumen 
and intestinal microbiota. Metabolic reactions are organized 
in phases 1 and 2. Phase 1 reactions are catabolic and involve 
oxidation, reduction, and hydrolysis processes. The cyto-
chrome P450 (CYP450) mono-oxidase system contributes to 
the large majority of phase 1 reactions. Some benzodiaze-
pines, such as lorazepam, oxazepam, and temazepam, do not 
undergo phase 1 metabolic reactions. Phase 2 reactions are 
anabolic and involve conjugation reactions, in which water- 
soluble molecules are added to a drug or metabolite, leading 
to inactive and polar products easily excreted in the urine. 
They include glucuronidation, sulfation, and methylation 
[8]. The activity of phase 1 and 2 enzymes can be induced or 
inhibited by co-administration of other substances, including 
drugs, foods, and smoking. Enzyme induction or inhibition 
can result in lower or higher than desired drug or metabolite 
levels, potentially causing serious clinical consequences. 

Additionally, intestinal microorganisms, which include 
anaerobic bacteria and yeasts, coexist in the human intestine 
and participate in non-oxidative drug biotransformation 
reactions such as reduction, hydrolysis, decarboxylation, 
dehydroxylation, dealkylation, dehalogenation, and deami-
nation. Medications that alter the equilibrium of the gut 
microbiota can in turn alter the metabolism of co- administered 
drugs substrates of microorganism enzymes [9, 10]. Other 
factors that affect drug metabolism include the presence of 
portosystemic shunts, the quality of the splanchnic blood 
flow, as well as individual enzyme variations. Recent atten-
tion has been given to alterations in the function of CYP450 
enzymes by the presence of chronic kidney disease via direct 
uremic toxins or via inhibition of their expression [11–13].

 Elimination
Most drugs and their metabolites are eliminated as polar 
hydrophilic compounds in the urine. A smaller portion of 
drugs are eliminated via the hepatobiliary system in the 
feces. Membrane-embedded transporter systems have an 
important role in drug elimination. These transporters are 
present in the intestinal cells, in the hepatocytes, in the renal 
tubule cells, in the capillary endothelial cells of the blood- 
brain barrier, as well as in other tissues. Membrane transport-
ers are divided in two superfamilies: solute-linked carrier 
(SLC) transporters and ATP-linked cassette (ABC) trans-
porters. P-glycoprotein (P-gp) belongs to the later family and 
is also known as ABCB1 for ATP-binding cassette B1 [14]. 
When substrate drugs arrive to the intestinal lumen, ABC 
efflux transporters located in the apical brush border can 
expel them back to the intestinal lumen. In the enterocyte, 
substrate drugs undergo phase 1 and 2 metabolism and are 
subsequently transferred to the portal capillary system. 
Portal blood carries drugs or their metabolites to the liver. At 
the hepatocyte level, drugs and their metabolites are trans-
ferred by influx (mostly SLC) transporters from the basolat-
eral border to the cytoplasm where the drug undergoes phase 
1 and 2 metabolic reactions. The drug metabolites are then 
transferred mostly via ABC transporters to the bile through 
the apical border of the cell and then delivered to the duode-
num. In the small intestine, drugs can be reactivated by 
microbiota enzymes and then reabsorbed (enterohepatic cir-
culation) or eliminated in the feces. For example, lorazepam 
is conjugated in the liver to its inactive metabolite, loraze-
pam glucuronide. This compound may be excreted in the bile 
to the intestine, where β-glucuronidase breaks the ester link-
age and converts it back to lorazepam, which in turn can be 
reabsorbed to the portal circulation or eliminated in feces.

The elimination of drugs or their metabolites through the 
kidney takes place through glomerular filtration, active tubu-
lar secretion, and passive tubular reabsorption. Factors limit-
ing glomerular filtration of drugs include molecular size and 
albumin binding. Only unbound drugs pass freely from 
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plasma in the glomerular capillary to the glomerular filtrate. 
Membrane transporters located in the proximal tubule 
including SLC transporters and ABC transporters including 
P-glycoprotein secrete drugs into the filtrate. In the proximal 
and distal renal tubules the non-ionized fraction of the weak 
acids or bases is passively reabsorbed. The ionized fraction 
of the drug remains in the filtrate and is excreted in the urine. 
Additionally, some drugs undergo active reabsorption to the 
main circulation via membrane transporters located in the 
distal tubular lumen.

 Pharmacodynamics

Pharmacodynamic processes refer to the drug effects on the 
organism, including the intended and therapeutic, as well as 
the side effects. Drug effects derive from the interaction 
between the drug and its receptors and can be altered by the 
presence of other drugs and medical conditions. Psychiatric 
medications usually act on multiple receptors; hence poten-
tiation of the effects of other nonpsychiatric drugs is com-
mon. For example, amitriptyline is a tricyclic antidepressant 
which increases the synaptic concentration of serotonin and 
norepinephrine in the central nervous system by inhibition of 
their reuptake at the presynaptic neuronal level. However, 
amitriptyline also has anticholinergic effects, and its concur-
rent use with diphenhydramine, a histamine H1 antagonist, 
can increase the risk for side effects, including drowsiness, 
xerostomia, blurry vision, constipation, and delirium.

 Post-transplant Psychopharmacological 
Issues

The administration of psychiatric medications following 
organ transplantation should derive from careful review of the 
patient’s overall medical status, the graft function, the level of 
functioning of the absorbing, metabolizing and eliminating 
organs, as well as the potential drug-drug interactions, partic-
ularly with immunosuppressant agents. Unfortunately, some 
post-transplant patients suffer primary graft failure requiring 
early re-transplantation, while others may suffer delayed graft 
functioning, requiring close monitoring and medication dose 
adjustments. Once the transplanted organ assumes normal 
physiological functioning, and proper absorption, metabo-
lism, and elimination are established, medications could be 
prescribed at their regular doses. Acute rejection occurs in 
approximately 20% of liver transplant patients in the first 
6 months after surgery [15], in 10% of intestinal transplant 
recipients within the first month [16, 17], in up to 60% of kid-
ney transplant patients in the first 6 months, and in up to 50% 
of heart transplant patients within the first year [16]. Acute 
graft rejection usually requires more aggressive management 

with immunosuppressant agents [18], including high-dose 
steroids, which themselves can cause a wide variety of neuro-
psychiatric symptoms.

Initial postoperative psychopharmacological interven-
tions usually focus on management of delirium and neuro-
psychiatric side effects from immunosuppressants, as well as 
treatment of anxiety related to perceived traumatic perioper-
ative events such as intense uncontrolled pain, intubation, 
inability to communicate, and the use of restraints. Following 
the acute recovery phase, additional indications for psycho-
pharmacological interventions include the presence of anxi-
ety and/or depressive symptoms interfering with recovery, 
adjustment to medications side effects, decreased appetite, 
and insomnia. Long-term, post-transplant patients have to 
deal with the fear of rejection, body image issues, acceptance 
of role changes, financial concerns, hospital bills, cravings 
for smoking, alcohol or other substances, as well as re- 
hospitalizations in the context of organ rejection or 
immunosuppression- related complications. These include 
neurocognitive impairments, serious infections, increased 
cancer risk, and compromise of kidney function in some 
cases leading to initiation of renal replacement therapy. 
Mental health professionals caring for transplant patients 
need to be alert to patients’ post-transplant biopsychosocial 
changes and adaptations. Additionally, it is important to 
understand basic aspects of immunosuppressants commonly 
used in post-transplant patients in order to confidently recog-
nize their psychoactive side effects, as well as recommend 
and prescribe psychiatric medications when needed.

 Immunosuppressants

Important nonspecific immunosuppressant side effects 
include weight gain, hypertension, diabetes, and dyslipid-
emias [19, 20]. These comorbidities are important to con-
sider when deciding on the addition of a psychopharmacological 
agent, given that many psychotropics are associated with 
weight gain and metabolic syndrome.

 Corticosteroids
Steroids play an important role in transplantation at various 
stages, including induction, maintenance, and management 
of rejection. Steroids bind to glucocorticoid-responsive ele-
ments in DNA preventing the transcription of cytokine genes 
and receptors. They also decrease cell-mediated immunity 
and T-cell activation. Methylprednisolone, prednisolone, and 
prednisone are substrates of CYP3A4. At high doses gluco-
corticoids inhibit and at low doses induce CYP3A4. Several 
psychiatric drugs are either inducers or inhibitors of 
CYP3A4; therefore, drug-drug interactions are expected 
when used concurrently [20]. Common neuropsychiatric 
side effects of glucocorticoids include agitation, anxiety, 
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cognitive impairments, delusions, delirium, euphoria, hallu-
cinations, as well as personality changes [21]. The most vali-
dated risk factor for these side effects is the dose, particularly 
doses higher than 40  mg per day [21]. Other risk factors 
include blood-brain barrier damage, hypoalbuminemia and 
co-administration of CYP 3A4 inhibitors [21]. On the other 
hand, depressed mood, fatigue, mania, and delirium can 
occur upon withdrawal of steroids [21–23].

It is important to educate patients and caregivers regard-
ing the possibility of steroid-induced neuropsychiatric 
adverse effects including changes in mood and cognitive 
abilities. A history of mood disorders as well as previous 
neuropsychiatric adverse reactions to steroids alerts the cli-
nician about the need to consider prophylactic interventions. 
Unfortunately, there is a paucity of well-powered random-
ized controlled trials informing on the efficacy and safety of 
specific agents for this purpose. Similarly, the literature on 
the treatment of steroid-induced neuropsychiatric disorders 
is based on multiple case reports and small trials. For steroid- 
induced mania in the transplant population, the reduction 
and discontinuation of the steroid dose are not always pos-
sible, and the temporary addition of a neuroleptic such as 
olanzapine could be considered a first step [21, 24, 25]. In 
this case, the monitoring of glucose control should be empha-
sized. The use of lithium is second choice due to nephrotox-
icity concerns in the presence of calcineurin inhibitors and 
potential co-administration of diuretics. Antiepileptics can 
also be used, including valproic acid and gabapentin [24, 
26]. Benzodiazepines can also be helpful, particularly clon-
azepam [27].

 Calcineurin Inhibitors (CNIs)
Tacrolimus and cyclosporine are the cornerstone drugs in 
solid organ transplantation [19]. Although they are not chem-
ically related to each other, they have similar mechanisms of 
action since they both bind to cytoplasmic isomerases that 
are abundant in all tissues. Cyclosporine binds to cyclophilin 
and tacrolimus binds to the immunophilin FK-binding pro-
tein (FKBP) forming complexes that inhibit calcineurin. 
Calcineurin is a cytoplasmic phosphatase necessary for the 
activation of a T-cell-specific transcription factor involved in 
the synthesis of interleukins by activated T cells. CNIs are 
highly lipophilic and undergo extensive first-pass metabo-
lism. They are substrates for the cytochrome CYP3A4, 
CYP3A5, as well as the P-glycoprotein transporter.

Since these medications have pharmacokinetic and phar-
macodynamic variability, therapeutic drug monitoring is 
routine. Low blood levels increase risk of rejection, while 
high levels increase risk of adverse effects, including neuro-
toxicity, nephrotoxicity, infection, and neoplasias. Due to 
individual variability, rejection as well as toxicities can occur 
within therapeutic drug levels. The mechanism underlying 
CNIs’ neurotoxic effects is not yet well understood, but it 

may be related to the role of calcineurin in neuronal cell 
functioning [28]. Tacrolimus and cyclosporine may cause 
similar neuropsychiatric side effects, including agitation, 
anxiety, cognitive impairment, depression, dysarthria, 
fatigue, hallucinations, insomnia, lethargy, neuropathy, and 
seizures [19, 29]. Both agents have also been associated with 
the development of posterior reversible encephalopathy syn-
drome (PRES), a rare neurologic condition presenting in 
approximately 0.5–5% of solid organ transplant patients 
[30–32]. The characteristic clinical symptoms in post- 
transplant PRES include seizures, headache, acute encepha-
lopathy syndrome, autonomic instability, and visual 
symptoms, while magnetic resonance imaging (MRI)  find-
ings consist of an abnormal and reversible increased signal in 
the fluid-attenuated inversion recovery (FLAIR) images, 
with characteristic distribution in the parietal and occipital 
lobes, and less frequently in the posterior frontal, temporal 
lobe, cerebellum, brainstem, thalamus, and basal ganglia 
[33, 34]. Early diagnosis is important, although there is no 
clear consensus regarding immunosuppressant management 
in this context. Some studies recommend a decrease and 
even a complete discontinuation of CNI and switching to 
other immunosuppressant agents [35].

Long-term neuropsychiatric side effects of CNIs include 
cognitive impairment and tremors [19].

In addition, the long-term use of CNIs can lead to nephro-
toxicity [19]. This emphasizes the need to monitor renal 
function particularly when medications that do not undergo 
liver metabolism and that are fully or almost fully eliminated 
by the kidney are co-administered (i.e., gabapentin, amanta-
dine, lithium).

Cyclosporine
This agent is available for oral and intravenous administra-
tion. The oral absorption of cyclosporine is erratic and incom-
plete and depends on the presence of food, bile acids, and 
gastrointestinal motility [36]. Cyclosporine is extensively 
metabolized in the liver via CYP3A4, forming many metabo-
lites, and it undergoes extensive first-pass effect following 
oral administration. In plasma, cyclosporine is both a sub-
strate and an inhibitor of CYP3A4 and P-glycoprotein. Given 
that many psychiatric drugs are metabolized by CYP3A4, 
there are multiple possibilities for significant drug-drug inter-
actions [29]. Psychiatric drugs that inhibit CYP3A4, such 
as fluvoxamine, nefazodone, and fluoxetine, can increase 
cyclosporine levels and risk of toxicity. On the other hand, 
CYP3A4 inducers, such as carbamazepine, phenobarbi-
tal, and modafinil, can decrease cyclosporine levels risking 
transplant rejection. Furthermore, since cyclosporine itself 
is an inhibitor of CYP3A4, it can increase the levels of bus-
pirone, most benzodiazepines, iloperidone, quetiapine, and 
ziprasidone. Additionally, P-glycoprotein inducers, such as 
Hypericum perforatum (i.e., St. John’s wort), can also induce 
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CYP3A4 [37] and thus reduce cyclosporine levels, increasing 
risk of rejection. Since cyclosporine inhibits P-glycoprotein, 
it can increase the bioavailability of several psychiatric medi-
cations including carbamazepine, lamotrigine, olanzapine, 
phenytoin, paroxetine, quetiapine, risperidone, and venla-
faxine, among others. Cyclosporine can cause hyperkalemia 
by decreasing potassium tubular excretion. This may be a 
mechanism underlying its association with increased cardiac 
arrhythmia risk [38]. Therefore, concurrent use of cyclospo-
rine and potentially arrhythmogenic psychiatric drugs needs 
to be executed under careful monitoring.

Tacrolimus
Tacrolimus is available for intravenous and oral administra-
tion. Its oral absorption is incomplete and variable and also 
reduced in the presence of food. Tacrolimus is highly protein 
bound to plasma proteins: 99% is primarily bound to albu-
min and alpha1 acid glycoprotein. This CNI is metabolized 
extensively in the liver via CYP3A4 to several metabolites. 
Tacrolimus is a substrate of P-glycoprotein. It is also a sub-
strate and inhibitor of uridine 5′-diphosphate glucuronosyl-
transferase (UGT). Tacrolimus use can be associated with QT 
prolongation [39, 40]. Given that many psychotropic agents 
can prolong the QT interval [41] and that they often are sub-
strates and/or inhibitors of CYP3A4, caution is advised when 
they are co-administered with tacrolimus. Close monitoring 
of the electrocardiogram, tacrolimus levels, as well as serum 
electrolytes including sodium, potassium, and calcium is 
advised. Drug dosage reduction may be necessary.

 Mechanistic Target of Rapamycin (mTOR) 
Inhibitors
Sirolimus and everolimus exert their principal immunosup-
pressive effects by inhibiting the ability of the cytoplasmic 
enzyme complex mTOR to regulate the growth, prolifera-
tion, and survival of lymphocytes and other immunocompe-
tent cells. Sirolimus and everolimus are metabolized in the 
liver and intestinal wall by CYP3A4 and CYP3A5 and, to a 
minor extent, by CYP2C8. They are both substrates of 
ABCB1, while everolimus has inhibitory action on CYP3A4 
and ABCB. Its metabolites are excreted primarily in feces. 
Neuropsychiatric side effects include tremor, insomnia, 
headache, and pain [42].

 Polyclonal and Monoclonal Antibodies
Antithymocyte globulin (ATG) is a purified gamma globulin 
obtained by immunizing rabbits (thymoglobulin) or horses 
(Atgam) with human thymocytes [43, 44]. ATG induces 
lymphocyte depletion in the periphery by complement- 
dependent cell lysis. Premedication with steroids, acet-
aminophen, and/or antihistamine approximately 1  h prior 
to infusion is recommended to minimize the antithymocyte 
globulin-induced cytokine release syndrome, characterized 

by fever, chills, and rigors, but can also include dyspnea, 
nausea/vomiting, diarrhea, hypotension, hypertension, mal-
aise, rash, and headache The metabolism and elimination of 
this drug is unknown. The principal neuropsychiatric side 
effects of thymoglobulin include chills, pain, headache, mal-
aise, and anxiety [43, 44].

Basiliximab is a monoclonal antibody that blocks the 
T-cell IL-2 receptor preventing IL-2-induced T-cell activa-
tion [45]. Basiliximab is a powerful induction agent, but it is 
not used to treat acute rejection, as it does not cause lympho-
cyte depletion. Common neuropsychiatric adverse effects 
include insomnia, fatigue, pain, headache, tremor, agitation, 
anxiety, and depression [45].

Alemtuzumab is a monoclonal antibody that has profound 
lymphocyte-depleting effects [46, 47]. It causes cell death by 
complement-mediated cytolysis, antibody-mediated cyto-
toxicity, and apoptosis. Alemtuzumab causes a long-lasting 
T-cell depletion, which prolongs infection and lymphoprolif-
erative disorder risks. Psychiatric adverse effects include 
insomnia, anxiety, and suicidal ideation [46, 47].

Rituximab is a monoclonal antibody that binds specifi-
cally to a B-lymphocyte differentiation antigen on pre-B- 
and mature B-lymphocytes [48]. Neuropsychiatric side 
effects include anxiety, chills, delirium, depression, dizzi-
ness, fatigue, insomnia, migraine, myalgias, neuropathy, par-
esthesias, and pain [48].

 Inhibitors of Purine Synthesis
Mycophenolate Mofetil
The active drug mycophenolic acid inhibits inosine-5′-
monophosphate dehydrogenase (IMPDH), a rate-limiting 
enzyme in the purine synthesis. Mycophenolic acid sup-
presses the proliferation of T- and B-lymphocytes. Common 
neuropsychiatric side effects include pain, headache, dizzi-
ness, tremor, insomnia, and anxiety [49].

Azathioprine
Azathioprine is metabolized to 6-mercaptopurine 
(6-MP). 6-MP substitutes the purine base guanine in 
RNA. Mercaptopurine ribonucleotides are incorporated 
into RNA and halt DNA synthesis. The immunosuppres-
sive activity of azathioprine is due to its ability to inhibit 
delayed hypersensitivity reactions and cellular cytotoxic 
activity. Neuropsychiatric side effects include malaise and 
myalgias [50].

 Others
Belatacept is a selective T-cell costimulation blocker. This 
medication is indicated for rejection prophylaxis in adults 
receiving kidney transplant. Neuropsychiatric side effects 
include anxiety, dizziness, headache, insomnia, pain, tremor, 
and Guillain-Barre syndrome, and it has been implicated in 
post-transplant lymphoproliferative disorder (PTLD) [51].
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 Psychiatric Medications

 Antidepressants

Antidepressants are commonly used in the transplant popu-
lation to assist in the management of various psychiatric syn-
dromes, including depression, anxiety, insomnia, pain, and 
appetite stimulation.

 Selective Serotonin Reuptake Inhibitors (SSRIs)
Among transplant patients, most SSRI studies have taken 
place in patients with end-stage heart or kidney disease [13, 
52–54]. As a family, SSRIs share some side effects.

SSRIs increase bleeding risk as they inhibit platelet acti-
vation and thus may increase bleeding time [55, 56]. This 
can be particularly problematic in end-stage liver disease, 
since patients with cirrhosis are prone to bleeding in the con-
text of coagulopathy, thrombocytopenia, and variceal forma-
tion. Additionally, platelet dysfunction can also be present in 
patients with kidney failure. Many end-stage organ dis-
ease patients are managed with anticoagulants and/or aspi-
rin, and special caution needs to be taken when 
co-administration of an antidepressant is needed.

All SSRIs can potentially prolong QT interval; therefore, 
caution is needed in the context of predisposing medical con-
ditions and co-administration with other QT prolonging 
drugs [41]. Of note, of the SSRI agents, citalopram is associ-
ated with the most QT prolongation [41]. In addition, SSRIs 
have been associated with hyponatremia [57, 58]. The use of 
SSRI agents has been associated with bone metabolism dys-
function; thus they may increase the risk for fractures. 
Therefore, caution is required when use in the context of 
chronic corticosteroid therapy [59]. Despite of these poten-
tial issues, SSRIs remain the first-line treatment for the treat-
ment of depression in transplant patients due to their superior 
safety profile and less drug-drug interactions when compared 
to other antidepressants [60].

Sertraline
Sertraline is well absorbed after oral administration. It is 
98% protein bound and is metabolized by CYP3A4 to des-
methylsertraline [61]. At low doses the parent drug and its 
metabolite cause weak inhibition of CYP2D6, which can 
become clinically relevant at high doses [62, 63]. Sertraline 
does not inhibit CYP3A4 in vivo [64], which is favorable for 
patients taking immunosuppressant agents. However, at least 
one study found an association of sertraline and increased 
cyclosporine levels [65]. Sertraline elimination half-life 
increases in the context of liver failure. Sertraline has been 
helpful in decreasing pruritus in cholestatic jaundice patients, 
which constitutes an added benefit in this clinical scenario 
[66]. It has been shown to be helpful for sensation of dyspnea 
in patients with chronic obstructive pulmonary disease [67]. 
In addition, sertraline has been helpful in reducing dialysis- 

related hypotension which makes this medication appealing 
in patients with difficulty tolerating dialysis [68]. Dose 
adjustment is not recommended in kidney failure. However 
in mild liver failure, it is advised to decrease the dose to half 
of the usual. Furthermore, in moderate to advanced liver fail-
ure, sertraline is not recommended [69].

Citalopram
Citalopram is composed of S and R enantiomers. The S 
enantiomer (escitalopram) is pharmacologically active. 
Citalopram is absorbed rapidly following oral administration 
and is metabolized by CYP3A4 and CYP2C19 [61]. 
Citalopram is a weak inhibitor of 2D6, and concurrent 
administration with metoprolol leads to increased levels of 
the beta-blocker [70]. Citalopram has  the Food and Drung 
Administration (FDA) warning regarding its potential to pro-
long QT [41]. Citalopram is also the only agent that carries 
specific recommendations, including a maximum daily dose 
of 20 mg/day in patients suffering with hepatic impairment 
or in those older than 60 years and a maximum 40 mg dose/
day in young and healthier patients [71], although the merit 
of this warning has been debated [72].

Escitalopram
The S enantiomer of citalopram is rapidly absorbed follow-
ing oral administration. Escitalopram is 56% protein bound 
[61]. It is metabolized by CYP2D6, 2C19, and 3A4 and 
weakly inhibits CYP2D6 [61]. Dose adjustment is recom-
mended in hepatic and severe renal impairment [69]. QT can 
still be prolonged by escitalopram, although to a lesser 
degree compared to citalopram [41].

Paroxetine
Paroxetine is metabolized by CYP2D6, strongly inhibits 
CYP2D6, and has a mild inhibitory effect of CYP2C9 and 
CYP2C19 [61]. Paroxetine has significant anticholinergic 
properties, which can contribute to many side effects, includ-
ing delirium and cognitive impairment. It has a relatively 
short half-life, which may be associated with severe sero-
tonin withdrawal, upon abrupt discontinuation. In addition, 
its use is associated with significant weight gain, as com-
pared to other SSRIs. In severe renal (creatinine clearance 
<30%) and hepatic impairment, the manufacturer recom-
mends slower titration and lower maximum daily dosages.

Fluoxetine
Fluoxetine is metabolized by CYP2D6 and CYP2C9 [61]. 
Fluoxetine and its active metabolite, norfluoxetine, inhibit 
CYP2D6, CYP2C9, CYP2C19, and CYP3A4 [61]. 
Fluoxetine has the longest half-life of all the SSRIs (i.e., 
7 days) [69]. In patients with severe impaired renal function, 
additional accumulation of fluoxetine and norfluoxetine may 
occur. Patients with liver cirrhosis require lower than usual 
doses or less frequent administration intervals.
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Fluvoxamine
Fluvoxamine is metabolized primarily by deamination and 
acetylation. Fluvoxamine is a substrate of CYP1A2 and 
CYP2D6 [61]. This drug is a potent inhibitor of CYP1A2 and 
exerts less inhibition of CYP2C19, CYP2C9, and CYP3A4. 
There is limited information regarding its safety in kidney 
and liver impairment. Due to its significant potential for inter-
actions, it is usually avoided in the transplant population.

 Serotonin Norepinephrine Reuptake Inhibitors 
(SNRIs)
SNRIs are chemically unrelated to each other. As in the case 
of tricyclic antidepressants (TCAs), SNRIs inhibit serotonin 
and norepinephrine reuptake [61]. However, in contrast to 
TCAs, SNRIs do not have much affinity for other receptors. 
In addition to their use in major depression, SNRIs may be 
useful in the treatment of pain disorders. SNRIs are associ-
ated with increases in blood pressure and heart rate; there-
fore, caution is recommended in patients with hypertension, 
cerebrovascular disease, and cardiac disease.

Venlafaxine
Venlafaxine is a potent inhibitor of neuronal serotonin and 
norepinephrine reuptake and weak inhibitor of dopamine 
reuptake [61]. Venlafaxine functions like an SSRI in low 
doses and as a dual mechanism agent affecting both sero-
tonin and norepinephrine at doses above 225  mg per day. 
Venlafaxine has a short half-life and is associated with 
increased risk of serotonin withdrawal. Venlafaxine is metab-
olized by CYP2D6. Two cases of serotonin toxicity have 
been reported in patients receiving venlafaxine and CNIs, 
likely due to CNI-inhibitory effect of P-glycoprotein [73]. 
Dose reduction of venlafaxine is indicated in kidney and 
liver impairment.

Desvenlafaxine
Desvenlafaxine is the major active metabolite of venlafaxine 
[61]. Desvenlafaxine undergoes hepatic metabolism primar-
ily by conjugation and in less proportion by oxidation via 
CYP3A4. Desvenlafaxine is a weak inhibitor of CYP2D6 
and a weak inductor of CYP3A4; however, clinical studies 
have not found clinically relevant interactions when this 
medication is co-administrated with CYP2D6 and CYP3A4 
substrates, at doses up to 100 mg/day. Desvenlafaxine dosing 
needs to be adjusted in the setting of renal and hepatic 
impairment [74].

Duloxetine
Duloxetine is metabolized by the liver, via CYP1A2 and 
CYP2D6 into multiple inactive metabolites [61]. Duloxetine 
is associated with increased risk of idiopathic hepatic failure 
[75, 76]. Duloxetine use should be avoided in hepatic impair-
ment and in cases of kidney failure with creatinine clearance 
lower than 30 mL/min.

Milnacipran
Milnacipran is a SNRI that has been used in the treatment of 
depression in Europe for many years but only approved in 
the USA for the treatment of fibromyalgia. Milnacipran 
undergoes hepatic metabolism and should be used with cau-
tion in kidney and liver impairment. Its dosage should be 
reduced if the creatinine clearance is lower than 30 mL/min-
ute and its use is not recommended in end-stage renal dis-
ease. However, the manufacturer does not recommend dose 
adjustment in case of hepatic impairment.

Levomilnacipran
Levomilnacipran is an enantiomer of racemic milnacipran. 
Levomilnacipran is metabolized in the liver primarily by 
CYP3A4 to inactive metabolites. Levomilnacipran is a weak 
substrate of P-glycoprotein. More than half of the dose of 
levomilnacipran is excreted by the kidney. Dosage adjust-
ment is needed in the context of renal impairment with cre-
atinine clearance lower than 30 mL/min.

 Other Antidepressants
Mirtazapine
Mirtazapine has central presynaptic alpha2-adrenergic antag-
onist effects, leading to increased release of norepinephrine 
and serotonin [61]. Additionally it is a potent antagonist of 
5-HT2 and 5-HT3 serotonin receptors and H1 histamine recep-
tors and a moderate antagonist at peripheral alpha1- adrenergic 
and muscarinic receptors. Mirtazapine is metabolized by 
CYP2D6, CYP1A2, CYP3A4, and CYP2C9 [61]. This medi-
cation has been associated with rare potentially life-threaten-
ing agranulocytosis [77]; therefore, caution is necessary when 
given concurrently with immunosuppressant agents and in 
patients before and after hematopoietic cell transplantation. 
Common side effects include sedation, increased appetite, 
and weight gain, which are desirable effects in patients who 
need to increase oral intake and improve sleep, particularly 
pre-transplant. Mirtazapine does not inhibit CYP enzymes. 
By blocking 5-HT2A receptors, mirtazapine potentially 
blocks JC virus from entering into glial cells, and for this rea-
son, it has been used in the treatment of progressive multifo-
cal leukoencephalopathy (PML), a condition that can occur in 
immunosuppressed patients. However, data on transplant 
patients treated with mirtazapine for PML is scarce, and the 
level of evidence supporting mirtazapine use in this scenario 
is low so far [78]. Mirtazapine clearance is decreased in the 
context of kidney and liver impairment.

Vilazodone
Vilazodone inhibits the reuptake of serotonin and is a 5-HT1A 
receptor partial agonist. It is metabolized mainly by CYP3A4; 
thus caution should be used when combined with immunosup-
pressant agents. Vilazodone is metabolized in less degree by 
2C19 and 2D6 [79]. No dose adjustments are reportedly 
needed in renal or hepatic impairment based on small studies.
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Nefazodone
Nefazodone inhibits neuronal reuptake of serotonin and nor-
epinephrine and also blocks 5-HT and alpha1 receptors [61]. 
Nefazodone is rapidly absorbed following oral administra-
tion. Nefazodone is metabolized by CYP3A4 and CYP2D6, 
and it is an inhibitor of CYP3A4. It also exerts weak inhibi-
tion of CYP2D6 [80]. It undergoes extensive first pass, with 
a bioavailability of 20%. It is 99% protein bound. Nefazodone 
has been associated with rare cases of acute liver failure, 
leading to liver transplantation and death in few, and its prod-
uct label has a black box warning to this respect [81]. For this 
and its potential for drug-drug interactions, nefazodone is 
not recommended in transplant patients.

Trazodone
Trazodone inhibits the reuptake of serotonin and acts as a 
5-HT2a receptor antagonist [61]. Additionally, trazodone 
blocks H1 histamine and alpha1-adrenergic receptors, mecha-
nisms involved in its sedative effect. Trazodone is rapidly 
absorbed after oral administration. Its concentration peaks at 
1 hour. It is 90% protein bound and its bioavailability is 80%. 
It is metabolized by CYP3A4 and CYP2D6 and it does not 
seem to inhibit or induce CYP enzymes. It is associated with 
orthostatic hypotension due to its alpha1-adrenergic effects. 
Trazodone should be used with caution in patients with kidney 
and/or liver impairment due to the possibility of accumulation, 
reduction in its excretion, and increased risk of side effects.

Vortioxetine
Vortioxetine inhibits the reuptake of serotonin and has ago-
nist activity at the 5-HT1A receptor and antagonist activity at 
the 5-HT3 receptor. Vortioxetine is metabolized by CYP2D6 
isoenzyme. Its use in severe hepatic impairment is not rec-
ommended. Dosage adjustment is recommended for 
CYP2D6 poor metabolizers and when given concurrently 
with strong CYP2D6 inhibitors.

Bupropion
Bupropion is a relatively weak inhibitor of the neuronal 
uptake of norepinephrine and dopamine, and does not inhibit 
monoamine oxidase or the reuptake of serotonin [61]. 
Bupropion is a substrate of CYP2B6 and a strong inhibitor of 
CYP2D6 [61]. Dose needs to be adjusted in end-stage liver 
disease. Bupropion lacks sedative side effects; hence it is an 
alternative for patients suffering from decreased energy. It is 
also used for smoking cessation [61]. It can cause tachycar-
dia and increased blood pressure [61]. It can decrease seizure 
threshold, especially in patients with electrolyte abnormali-
ties or structural brain abnormalities.

 Monoamine Oxidase Inhibitors (MAOIs)
By inhibiting the monoamine oxidase enzyme, MAOIs 
(tranylcypromine, phenelzine, isocarboxazid, selegiline) 
increase monoamine concentrations in the presynaptic 
neuron [61]. These monoamines include dopamine, tyra-
mine, serotonin, norepinephrine, epinephrine, and phenyl-
ethylamine. There are two monoamine oxidase 
isoenzymes: A and B. MAO-A is found primarily in the 
brain, liver, gut, and placenta; its primary substrates are 
norepinephrine, epinephrine, and serotonin. MAO-B is 
found in the brain, liver, and platelets; its main substrates 
are dopamine, phenylethylamine, histamine, and tyra-
mine. Some MAOIs inhibit both isoenzymes (A and B) 
and are irreversible inhibitors, while others are selective 
for one or the other and are mostly reversible inhibitors. 
Most MAOIs produce a nonspecific reduction in the activ-
ity of hepatic drug-metabolizing enzymes. MAOIs inhibit 
MAO in the gut which can lead to life-threatening tyra-
mine pressor effects. Due to drug-drug and food-drug 
potential interactions, MAOIs are not considered as first 
line in the treatment of depression in patients with medi-
cal comorbidities, including transplant candidates and 
recipients [69, 82].

 Tricyclic Antidepressants (TCAs)
TCAs’ tolerability and lethality in overdose have placed 
them as second choice in the management of depression, 
behind SSRIs. By virtue of their involvement in the blockade 
of several receptors, including acetylcholine muscarinic, 
alpha1, and histamine receptors, the use of TCA increases 
the risk of arrhythmias, QTc prolongation, intraventricular 
conduction delays, orthostatic hypotension, weight gain, as 
well as lipid changes. Use of TCAs in the transplant popula-
tion requires careful follow-up [69]. TCAs are metabolized 
by the CYP system. Secondary amines such as desipramine, 
nortriptyline, and protriptyline are primarily substrates of 
CYP2D6, while tertiary amines such as imipramine, clomip-
ramine, and amitriptyline are substrates for CYP1A2 and 
CYP2C19. Dose adjustment is necessary in kidney and liver 
impairment.

 Herbal Supplements
Patients might be using herbal supplements; thus it is impor-
tant to inquire about this use and properly counsel patients. 
For example, St. John’s wort, an herbal known for its antide-
pressant actions, extracted from the plant Hypericum perfo-
ratum, is actually an inducer of 3A4 and P-glycoprotein [83]. 
In fact, concurrent use of St. John’s wort and cyclosporine 
has caused graft rejections [83–85].

M. C. Gamboa and S. J. Ferrando



461

 Stimulants

Besides attention deficit and hyperactivity disorders, psycho-
stimulants can be used in the treatment of apathy and depres-
sion, when faster effect is needed [86]. In 2006, the 
FDA requested that all manufacturers of stimulant medica-
tions include a class label change that sudden death has been 
reported in pediatric patients with structural cardiac abnor-
malities receiving stimulants [87]. Prior to initiation of stim-
ulants, patients need to be evaluated for possible heart 
conditions including physical examination, electrocardio-
gram, and family history of cardiac illness.

Methylphenidate
Methylphenidate blocks dopamine uptake in central adrener-
gic neurons by blocking dopamine transport proteins. This 
causes increase of the sympathomimetic activity in the cen-
tral nervous system. Methylphenidate is available for oral 
and transdermal administration. Methylphenidate is not 
metabolized by the CYP system, and it does not seem to be 
an inhibitor of CYP isozymes. Instead, methylphenidate is 
metabolized via de-esterification to its main metabolite, rital-
inic acid, which is inactive and is eliminated by the kidney. 
This drug has not been studied in renal or hepatic 
impairment.

A small retrospective study in liver transplant patients tar-
geting psychomotor and cognitive slowing, lack of motiva-
tion for recovery, poor rehabilitation effort, social withdrawal, 
and apathy found positive effect from methylphenidate [88]. 
A recent meta-analysis also provided further support for effi-
cacy of methylphenidate in treatment of fatigue in patients 
with cancer and those undergoing hematopoietic cell trans-
plantation [89]. Patients need to be monitored for risk of 
developing tachyarrhythmias and hypertension. A case report 
described the successful use of methylphenidate in a patient 
with heart transplant and depression who developed cata-
tonic symptoms after initiation of sertraline [90]. However, a 
recent publication also reported a case of a 12-year-old child 
who developed liver failure, requiring liver transplantation, 
presumed to be associated with methylphenidate hepatotox-
icity [91].

Dextroamphetamine
Dextroamphetamine is the D-isomer of amphetamine and is 
twice as potent as racemic amphetamine. Escalating doses of 
dextroamphetamine produce the progressive release of nor-
epinephrine, dopamine, and serotonin from storage sites in 
the nerve terminal. Dextroamphetamine is available in oral 
presentation. Its metabolism is hepatic, via CYP monooxy-
genase and glucuronidation, with renal elimination. Renal 
and hepatic impairment may lead to decreased elimination 
and prolonged exposure; therefore, doses should be titrated 
carefully [92].

Modafinil
Modafinil mechanism of action is not fully understood. It 
appears that modafinil induces alertness by activating 
wakefulness- related systems such as hypocretin, histamine, 
α-adrenergic, glutamate, and dopamine, likely by blocking 
the activity of the dopamine transporter and modulating nor-
epinephrine and serotonin transporters [93]. Dose reduction 
is recommended in patients with severe hepatic impairment. 
Elimination half-life is around 15 hours. Modafinil is metabo-
lized by and weakly induces CYP3A4; thus it can hypotheti-
cally lead to decreased blood levels of immunosuppressants 
also metabolized by CYP3A4. Elimination is mostly hepatic, 
with kidney excretion of inactive metabolites.

 Benzodiazepines

Benzodiazepines produce central nervous system depression 
including sedation, skeletal muscle relaxation, anticonvul-
sant activity, and coma by interacting with gamma aminobu-
tyric acid A (GABA-A) receptors. Potentiation of GABA 
effects increases the inhibition of the ascending reticular 
activating system. The use of benzodiazepines in patients 
with end-stage  organ disease requires vigilance due to the 
potential to cause excessive sedation, respiratory depression 
(worsened by co-administration of opioids), increased risk of 
falls, and worsened cognition. Some benzodiazepines such 
as diazepam, lorazepam, and midazolam are available for 
parenteral use. In liver disease, oxazepam, temazepam, and 
lorazepam are preferred as they do not undergo phase 1 
metabolism (i.e., oxidation), but only phase 2 by glucuroni-
dation. Benzodiazepines act within few minutes of adminis-
tration, which makes them very appealing for rapid anxiety 
relief. Due to their potential for tolerance and cognitive 
decline in the longer term, prolonged use of benzodiazepines 
should be avoided. Their use pre- and post-transplant can 
also  increase risk of delirium.  Cigarette smoking may 
increase clearance of alprazolam, lorazepam, oxazepam, 
diazepam, and demethyldiazepam [94].

Lorazepam
Its availability for oral, intravenous, and intramuscular use 
makes lorazepam a very appealing medication in many set-
tings. Lorazepam elimination half-life is 12–15  hours and 
protein binding is around 90%. Its metabolite, lorazepam 
glucuronide, is inactive and excreted in urine. Use in severe 
renal impairment is not recommended. Use in severe hepatic 
impairment requires caution and dose adjustment.

Clonazepam
Clonazepam is orally administered. It undergoes extensive 
hepatic metabolism including involvement of the CYP sys-
tem as well as conjugation reactions. Its metabolites are 
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inactive and undergo renal excretion. Clonazepam is 85% 
bound to proteins. Its half-life eliminations is 17–60 hours in 
adults. In renal and hepatic impairment, clonazepam should 
be used with caution due to risk of accumulation.

Alprazolam
Alprazolam is available for oral use. Extended release presen-
tations are available. Alprazolam undergoes metabolism via 
CYP3A4 to active and inactive metabolites, which do not 
appear to be clinically significant. Protein binding is around 
80–90%. Elimination of immediate release formulations is 
between 6 and 16 hours. Dose adjustment in advanced hepatic 
impairment is necessary. Pharmacokinetic studies in special 
populations such as in patients with liver or kidney impair-
ment are lacking for the extended release formulation.

Other

 Buspirone
Buspirone is a non-benzodiazepine anxiolytic used in the 
treatment of generalized anxiety disorder. Its mechanism of 
action is not well understood, but it is likely through suppres-
sion of serotonergic activity and enhancement of noradrener-
gic and dopaminergic cell firing [95]. Its main action seems 
to be a partial agonism of 5-HT1A receptors. Buspirone 
undergoes extensive first-pass effect, and it is metabolized 
via hepatic oxidation, primarily via CYP3A4 to active and 
inactive metabolites. Buspirone elimination half-life is 
1–10 hours. Anxiolytic activity starts around 4 weeks into 
the initiation. Use in patients with pulmonary pathology may 
be advantageous given its lack of respiratory depression. 
Half- life elimination is prolonged in renal and hepatic 
impairment. The administration of buspirone in advanced 
kidney and liver disease is not recommended.

 Antipsychotics

Typical and atypical antipsychotics are used in the transplant 
population for treatment of preexisting and new onset psy-
chosis and mood disorders, delirium, and refractory anxiety. 
Antipsychotic use in the post-transplant patients brings about 
concerns related to QTc prolongation [41], particularly when 
co-administered with tacrolimus which can also prolong the 
QT and/or cyclosporine which could increase the risk of 
arrhythmia.

Typical Antipsychotics

 Haloperidol
Haloperidol is a high-potency typical antipsychotic. The 
therapeutic effect in the treatment of positive psychotic 
symptoms is thought to result from the central postsynaptic 

dopamine-2 receptor blockade in the mesolimbic pathway 
[96]. Haloperidol is available for oral and parenteral (i.e., IM 
and IV) administration. Intravenous use of haloperidol is not 
approved by the FDA; however, it is frequently used in the 
intensive care setting where cardiac monitoring is continu-
ous and for the management of postoperative agitation and/
or delirium or immunosuppressant-induced psychotic symp-
toms. Haloperidol is metabolized by glucuronidation and via 
CYP2D6 and CYP3A4 isozymes, to inactive metabolites. 
Haloperidol is 90% protein bound. No dose adjustment is 
needed in renal or hepatic impairment. Frequent monitoring 
of QTc for potential prolongation is recommended. 
Pseudoparkinsonism and other extrapyramidal symptoms 
can result from dopamine blockade in the nigrostriatal path-
way; therefore, this is an additional aspect that requires close 
monitoring, taking into account that calcineurin inhibitors 
can cause myoclonus and tremors. Slow CYP2D6 metabo-
lizers may be at increased risk for haloperidol side effects.

 Atypical Antipsychotics
Atypical antipsychotics can increase risk of dyslipidemias, 
obesity, glucose intolerance, and hypertension [96]. In the 
transplant setting, this side effect profile represents an added 
concern given the similarities with that of the immunosup-
pressant agents.

Aripiprazole
Aripiprazole is available in oral and intramuscular extended 
release forms. The oral forms include tablet, disintegrated 
tablet, and solution. The mechanism of action of aripiprazole 
is unique among antipsychotics due to its partial agonism of 
dopaminergic D-2 receptors. It is also a partial agonist of 
5-HT1A receptors and an antagonist of 5-HT2A receptors. 
This medication seems to be one of the least QTc prolonging 
among the antipsychotics [41]. Aripiprazole is metabolized 
by CYP3A4 and CYP2D6 to an active metabolite, dehy-
droaripiprazole. No dose adjustment is needed in hepatic or 
renal impairment. The elimination half-life of immediate 
release aripiprazole is 75 hours and 94 hours for dehydroar-
ipiprazole. For poor CYP2D6 metabolizers, half-life elimi-
nation of aripiprazole is 146 hours [97].

Olanzapine
Olanzapine can be administered by mouth in the forms of 
regular tablet form and orally disintegrated tablet. Olanzapine 
is also available for intramuscular administration in immedi-
ate and extended release injections. Olanzapine is a potent 
antagonist of serotonin 5-HT2A and 5-HT2C, dopamine D 
1–4, histamine H1, and alpha1-adrenergic receptors [96]. 
Olanzapine has moderate antagonism of 5-HT3 and musca-
rinic M1–5 receptors. Olanzapine is metabolized by direct 
glucuronidation and oxidation via CYP1A2 and CYP2D6. 
Cigarette smoking may alter its metabolism via CYP1A2 
induction. Olanzapine dose does not need to be adjusted in 

M. C. Gamboa and S. J. Ferrando



463

renal impairment  and is not dialyzable. Olanzapine dose 
does not require adjustment in liver impairment except when 
given in combination with fluoxetine. In that case the manu-
facturer recommends that the initial olanzapine dose should 
be limited to 2.5 to 5 mg daily [98].

Quetiapine
Quetiapine is available in immediate and extended release 
oral forms. Quetiapine is an antagonist of serotonin 5-HT1A 
and 5-HT2, dopamine D1 and D2, histamine H1, and adren-
ergic alpha1- and alpha2 receptors. It is metabolized by 
CYP3A4 to active and inactive compounds. In the setting of 
hepatic impairment, there is a 30% reduction in the medica-
tion clearance. Half-life of quetiapine in patients with normal 
hepatic function is roughly 6 hours. Patients with creatinine 
clearance between 10 and 30 mL/min have a decrease in the 
clearance of the drug of approximately 25% [99]. Due to its 
alpha1-antagonist effect, it can cause significant hypotension, 
which can be an issue in fragile postoperative patients.

Risperidone
Risperidone is available for oral administration in the forms 
of tablet, orally disintegrated tablet, and oral solution. 
Risperidone can also be administered intramuscularly in the 
form of reconstituted suspension. Risperidone has a high 
5-HT2 and dopamine D2 receptor antagonist activity. It also 
antagonizes alpha1, alpha2-adrenergic, and histaminergic 
receptors. Risperidone has low to moderate affinity for 
5-HT1C, 5-HT1D, and 5-HT1A receptors. Risperidone is 
metabolized mainly by CYP2D6 to 9-hydroxyrisperidone. 
N-dealkylation is a second minor pathway. Risperidone dose 
needs to be adjusted in renal and hepatic impairment [100].

Lurasidone
Lurasidone is an atypical antipsychotic with mixed serotonin- 
dopamine antagonist activity. Lurasidone exhibits high affin-
ity for D2, 5-HT2A, and 5-HT7 receptors and moderate 
affinity for alpha2C-adrenergic receptors and is a partial ago-
nist for 5-HT1A receptors. Lurasidone is available in tablet 
form. The absorption of lurasidone is increased in the fed 
state. Lurasidone is metabolized via CYP3A4. It requires 
dose adjustment in moderate kidney and hepatic impairment. 
Lurasidone seems to have a minimal impact on QTc prolon-
gation [101].

 Antiepileptic Drugs (AEDs)

Gabapentin
Although gabapentin is structurally similar to the neu-
rotransmitter GABA, it does not bind to GABAA or GABAB 
receptors, and it does not appear to influence synthesis or 
uptake of GABA [102]. High-affinity gabapentin binding 
sites have been located throughout the brain; these sites cor-

respond to the presence of voltage-gated calcium channels 
specifically possessing the alpha2-delta-1 subunit [102]. 
This channel appears to be located presynaptically and may 
modulate the release of excitatory neurotransmitters which 
participate in epileptogenesis and nociception. Gabapentin 
is not metabolized by the liver. It is only 3% protein bound 
and it lacks significant drug interactions. It was developed 
as an anticonvulsant, and it has been used as adjunct in the 
treatment of partial seizures. It has also been used in the 
treatment of spasticity in multiple sclerosis, amyotrophic 
lateral sclerosis, postherpetic neuralgia, and moderate to 
severe primary restless legs syndrome. Gabapentin has also 
been used in the setting of alcohol withdrawal and depen-
dence, with positive results for decreased cravings and anxi-
ety and improved sleep [103–105]. In addition, it is used for 
acute and neuropathic pain and can be helpful for treatment 
of social phobia [106]. Gabapentin is also used for treatment 
of anxiety [102] and has been suggested for such use in 
transplant populations, especially when benzodiazepines 
are to be avoided [69]. However, further studies specific to 
transplant populations are needed. Due to its renal excre-
tion, gabapentin dose needs adjustment based on creatinine 
clearance. Additionally, after a 4-hour hemodialysis, a small 
supplemental dose may be necessary. Side effects include 
sedation and myoclonus.

Valproic Acid
Valproic acid is approved for the treatment of different sei-
zure types, prophylaxis for migraine, and management of 
mania associated with bipolar disorder. It has also been used 
for delirium management [107]. Valproic acid undergoes 
extensive hepatic metabolism mainly via glucuronide conju-
gation, mitochondrial beta-oxidation, and in lesser extent 
oxidation by CYP2C9, CYP2C19, and CYP2A6 [108]. 
Protein binding is 80–90% and dependent on drug concen-
tration. Half-life elimination is 9–19 hours in adults [108]. 
Valproic acid does not need dose adjustment in renal impair-
ment; however, monitoring of free fraction of the drug 
instead of the total fraction is more appropriate, given that in 
kidney disease protein binding decreases. The use of val-
proic acid is not recommended in patients with liver impair-
ment due to decreased clearance and the risk of hepatotoxicity. 
Hepatic disease is also associated with decreased albumin 
concentrations and increase in the free drug fraction. Free 
instead of total concentrations of valproic acid should be 
monitored in liver impairment, if the medication is indeed 
used in this setting [109]. Other conditions that lead to 
increased free fraction of the drug are cachexia and elevated 
free fatty acids. Elevated free fraction increases risk of leth-
argy and cognitive slowing. Of note, valproic acid is 
decreased by 80% when combined with carbapenems [108]. 
Other undesirable side effects for the transplant patients 
include thrombocytopenia and platelet dysfunction; hence, 
close monitoring is needed [110]. Moreover, valproic acid 
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carries a black box warning against life-threatening pancre-
atitis. It is contraindicated in pregnancy due to significant 
risk of congenital malformations, such as neural tube defects, 
and decreased intelligence quotient (IQ) scores in offspring.

Carbamazepine
Carbamazepine has multiple properties including anti-
convulsant, anticholinergic, antineuralgic, antidiuretic, 
muscle relaxant, mood stabilizing, and antiarrhythmic. 
Carbamazepine is metabolized via CYP3A4 to an active 
metabolite. Carbamazepine is considered a potent inducer of 
CYP3A4 (autoinduction). Given that immunosuppressants 
are for the most part metabolized by this isozyme, the con-
current use of carbamazepine will likely reduce their levels 
risking rejection. As carbamazepine is an autoinductor, its 
half-life is variable for the first 3–5 weeks after initiation of a 
fixed carbamazepine dose. In addition to drug-drug interac-
tions with immunosuppressants, another problematic aspect 
of carbamazepine use in transplant patients is the risk for 
leukopenia and blood dyscrasias, such as aplastic anemia 
and agranulocytosis [110]. Carbamazepine can alter bone 
metabolism and vitamin D levels. Carbamazepine should 
be used with caution in hepatic impairment, and it may 
require discontinuation if liver function worsens or dysfunc-
tion becomes apparent. It requires dose adjustment in renal 
impairment.

Oxcarbazepine
Compared to carbamazepine, oxcarbazepine is not associ-
ated with blood dyscrasias. It is a weak inducer of CYP3A4 
but can still decrease immunosuppressant levels. It has also 
been associated with decreased vitamin D levels. 
Autoinduction has not been observed. Oxcarbazepine is 
metabolized in the liver to an active compound. Oxcarbazepine 
is a dose-dependent CYP2C19 inhibitor. Hyponatremia is a 
common side effect. Oxcarbazepine has not been studied in 
severe hepatic impairment. In renal impairment the clear-
ance of the active metabolite changes from approximately 
9 hours to 19 hours.

Topiramate
Besides its uses in the treatment of several types of seizures 
and migraine prophylaxis, topiramate continues to be studied 
as adjunctive therapy for bipolar disorder. It also has emerg-
ing evidence for treatment of alcohol dependence [111]. 
Topiramate is not extensively metabolized, with nearly 70% 
of the dose being eliminated by the kidney unchanged. 
Topiramate requires adjustment for renal impairment and an 
added post-dialysis dose. It should be used with caution in 
hepatic impairment given that its clearance can be reduced. 
Overall, due to its side effects, including cognitive dysfunc-
tion, topiramate is not desirable in patients receiving poten-
tially neurotoxic medications such as CNIs.

 Lithium

Lithium is available in oral form. Lithium is approved for 
the treatment of manic episodes and as maintenance treat-
ment for bipolar I disorder. Lithium is also effective as an 
adjunct for refractory depression and for reducing the risk 
of suicide in patients with mood disorders [96]. Lithium is 
not metabolized by liver and is eliminated solely by the kid-
ney [96]. It has minimal protein binding of 15%. Dose needs 
to be adjusted according to creatinine clearance and dialy-
sis status. Its half-life elimination in adults is 18–36 hours. 
Lithium clearance is affected by kidney function as well as 
by hyponatremia, hypernatremia, diuretic use, and dehy-
dration [112]. Potential electrolyte changes and fluid shifts 
in transplant patients and the potential concurrent use with 
sodium- depleting diuretics, especially thiazides and angio-
tensin-converting enzyme inhibitors, make the safe use of 
lithium challenging in the post-transplant patient, particu-
larly early after surgery. Lithium can cause adverse effects in 
the heart, believed to be related to intracellular hypokalemia 
and extracellular hyperkalemia imbalance that can give rise 
to cardiac arrest. It can also cause nephrotoxicity, tremors, 
weight gain, and cognitive slowing, all potential side effects 
of commonly used immunosuppressants. Therefore, the use 
of lithium in the late post-transplant patient needs to be care-
fully considered using the best clinical judgment and indi-
vidualized approach based on the patient’s history.

 Medications Used in the Treatment 
of Substance Use Disorders

Acamprosate
Acamprosate appears to increase the activity of the GABA- 
ergic system, and decreases activity of glutamate within the 
CNS, including a decrease in activity at N-methyl D-aspartate 
(NMDA) receptors. Acamprosate may affect CNS calcium 
channels. Acamprosate does not undergo hepatic metabo-
lism and is eliminated unchanged via the kidneys. It requires 
dose adjustment in renal impairment, and it is contraindi-
cated when creatinine clearance is lower than 30% [113].

Disulfiram
Disulfiram interferes with the hepatic oxidation of acetalde-
hyde, which leads to its accumulation and unpleasant symp-
toms if the patient ingests ethanol. Symptoms include 
throbbing headache and neck, dyspnea, vomiting, diaphore-
sis, thirst, chest pain, palpitations, hypotension, blurred 
vision, vertigo, weakness, anxiety, syncope, and confusion. 
Cardiac collapse and deaths have been reported [114, 115]. 
Disulfiram has also been associated with rare cases of fulmi-
nant hepatic failure, and liver transplantation in such a patient 
has been reported [116]. Due to multiple potential interac-
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tions with other drugs, disulfiram is not recommended in 
transplant patients.

Naltrexone
Naltrexone is an opioid antagonist used to help maintain an 
opioid-free state in patients with opioid use disorders and in 
the management of patients with alcohol use disorder, 
decreasing the cravings, alcohol use, and alcohol relapse. 
Naltrexone is associated with increased risk for hepatotoxic-
ity [117]. The CYP system is not involved in the metabolism 
of naltrexone. Dose adjustment may be necessary in hepatic 
and renal impairment. Naltrexone needs to be discontinued 
when pain control requires opioid agonists, such as prior or 
after surgical procedures.

Methadone
Methadone is an opioid agonist used in the maintenance of 
opioid use disorder [118, 119]. It undergoes hepatic metabo-
lism via CYP3A4, CYP2D6, CYP2B6, CYP2C19, and 
CYP2C9 and is a substrate of P-glycoprotein [119]. It 
requires dose adjustment in severe renal impairment and 
caution is needed in hepatic impairment. Methadone can 
prolong QTc, and thus monitoring is required [118]. 
Methadone half-life varies between 8 hours and 59 hours in 
adults. Management of pain postoperatively can be accom-
plished by continuing the pre-transplant methadone dose and 
adding another opioid temporarily or increasing the pre-
transplant methadone dose. With chronic use, methadone 
can autoinduce its metabolism. Please see Chap. 45 on fur-
ther discussion of methadone in transplant patients.

Buprenorphine
Buprenorphine is a semisynthetic mixed opioid agonist- 
antagonist. It has a ceiling effect which may make it com-
paratively safer than full opioid agonists [119]. It is 
metabolized by CYP3A4. See Chap. 45 on further discus-
sion of buprenorphine in transplant patients.

 Alpha2 Agonists

Dexmedetomidine
Dexmedetomidine is a selective alpha2-adrenoceptor agonist 
with sympatholytic, sedative, and analgesic effects, similar 
to clonidine. Intravenous dexmedetomidine drips are used in 
intensive care settings for the management of sedation in 
patients requiring ventilatory support or periprocedurally. It 
has been shown to decrease risk of delirium in ICU popula-
tions, as compared to other sedative drips, such as propofol 
or benzodiazepines [120, 121].

Protective neurocognitive effects in orthotopic liver trans-
plantation are being studied with encouraging results; how-
ever, further research is needed [122]. Dexmedetomidine 

undergoes hepatic metabolism via N-glucuronidation, 
N-methylation, and CYP2A6. Its elimination half-life is 2 
hours. Although no dose adjustment is recommended in kid-
ney impairment, dose reduction should be considered in 
hepatic impairment as the clearance is reduced in varying 
degrees based on the level of impairment. Dexmedetomidine 
can cause bradycardia and lower blood pressure.

Conclusions
Transplant recipients are at increased risk for cognitive, 
anxiety, and mood disorders; thus they may require treat-
ment with a variety of psychopharmacological agents. 
Clinicians should be aware of neuropsychiatric side 
effects of medications used in transplant recipients, phar-
macodynamics and pharmacokinetics of psychotropic 
agents in patients with end-stage organ disease and post-
transplant, and drug-drug interactions. Some general 
guidelines are summarized below:

• Most immunosuppressant agents are substrates of 
CYP3A4; hence, attention needs to be given to the 
multiple potential interactions with psychiatric 
medications.

• In general, start psychiatric medications at a low dose 
and titrate slowly while monitoring for potential side 
effects and drug-drug interactions.

• Monitor for recent changes of concurrent medications, 
as additions or discontinuations may alter the metabo-
lism of the remaining medications, and adjust 
accordingly.

• CNIs are nephrotoxic, and mTOR inhibitors can cause 
kidney function alterations; hence, close monitoring 
and adjustment of psychiatric medications such as lith-
ium and gabapentin may become necessary.

• Discontinue medications when they are no longer 
needed and caution patients and team members of the 
potential consequences of introduced changes as well 
as the signs and symptoms that need to be monitored.

• Inquire about all medications the patient is taking, 
including herbal supplements.

• Avoid starting new medications in a long-acting form 
if possible. This will allow rapid withdrawal of the 
medication in case of intolerable side effects.
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Psychotherapy in Transplant Patients
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 Introduction

Patients living with organ dysfunction and transplants face a 
complex array of stressors and challenges. Managing complex 
chronic health problems is emotionally demanding and time-
intensive, and it is not surprising that anxiety, depression, and 
insomnia are prevalent in the transplant population. Even 
patients who have fully successful transplants must cope with 
adverse side effects of medications and potentially new com-
plications. As discussed throughout this textbook, these stress-
ors may overwhelm psychological functioning and lead to 
distress and suffering. Poor psychological functioning may 
present in a variety of ways: lower quality of life, increased 
nonadherence, and poor engagement in medical care.

Interventions to reduce symptoms of stress and improve 
quality of life after transplantation are necessary and, at 
times, drug-free strategies may be preferred due to the com-
plexity of transplant medication regimens or as an adjunctive 
treatment.

At its heart, psychotherapy is aimed at mitigating the dis-
tress of the life cycle of transplantation from organ dysfunc-
tion to the post-transplantation period. Ultimately, through 
treatment with a mental health professional, patients can 
gain new techniques to cope with ongoing life stressors. 

Goals may include enhancing coping strategies, facilitating 
adjustment to living with a new organ, increasing social sup-
ports, or simply improving a patient’s sense of purpose and 
self-esteem. Additional goals may include improving adher-
ence to risk reduction and medical care.

 Supportive and Problem-Solving 
Approaches

Adjusting to illness and the long-term challenges of transplan-
tation can affect the patient’s quality of life and mood. Health-
care professionals play a key role in assisting with a patient’s 
adjustment. Supportive psychotherapy is founded in transi-
tional psychoanalysis and is based heavily on a positive rela-
tionship between clinician and patient. It is particularly useful 
in two groups of patients: (1) previously well-functioning 
patients who are psychologically destabilized by one or more 
life events or (2) patients with a chronic or recurrent disability. 
The aim of treatment is to support the patient’s more mature or 
adaptive defenses. The clinician aims to optimize the patient’s 
competence in coping with current circumstances. Therapy 
may be complemented with psychopharmacology and educa-
tion. For example, a clinician may be able to alleviate fear and 
uncertainty by providing clear information and education on 
their disease process [1].

Literature on supportive psychotherapy specifically in 
transplant patients is limited. One small observational study 
noted that almost half of all patients listed for heart trans-
plantation, on a ventricular assist device (VAD), or success-
fully bridged from VAD to transplant, utilized psychological 
services when offered. The study suggests that this patient 
population experiences enough emotional distress to warrant 
access to and benefit from psychotherapeutic support [2].

Generally supportive therapy should focus on empower-
ing the patient and helping them feel less vulnerable. 
Supportive therapy may include a substantial amount of psy-
choeducation and education on their medical problems in a 

M. Schmajuk (*) 
Department of Psychiatry and Behavioral Sciences,  
Stanford University School of Medicine, Stanford, CA, USA
e-mail: m.schmajuk@stanford.edu 

E. DeGuzman 
Traditions Behavioral Health, Napa, CA, USA 

N. Allen 
Department of Psychiatry, Lenox Hill Hospital/Northwell Health, 
New York, NY, USA 

Department of Psychiatry, Donald and Barbara Zucker School of 
Medicine at Hofstra/Northwell, Hempstead, NY, USA 

Department of Psychiatry, SUNY Downstate School of Medicine, 
Brooklyn, NY, USA

43

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_43&domain=pdf
mailto:m.schmajuk@stanford.edu


472

jargon-free manner. Thus, the mental health clinician’s 
familiarity with medical processes, prognosis, complica-
tions, and medication side effects is helpful to offer the 
utmost support to the patient.

 Relational Therapies

Psychodynamic psychotherapy (PDT) is a briefer form of 
psychoanalytically based treatment, involving analyzing and 
interpreting psychological mechanisms held outside of the 
patient’s awareness so as to resolve unconscious conflicts 
and achieve resolution of physical and psychological symp-
toms. Treatment sessions often occur one to two times per 
week, lasting a few weeks to a few years [3]. Whereas past 
research has focused on addressing specific psychodynamic 
components of onset of disease, patients’ reactions to dis-
ease, and transference-countertransference issues [4], others 
have discussed the focus on affect expression, attempts to 
avoid distressing thoughts and feelings, identification of 
recurrent themes, past experiences, interpersonal relations, 
and fantasy life [3, 5]. For the medically ill, especially those 
with end-stage organ disease with need for transplantation, 
PDT may be beneficial due to patient concerns about fears of 
death, abandonment, physical incapacity, or demoralization 
when placed in the sick role within the foreign and deperson-
alized hospital milieu [6].

While past research has examined the role of PDT among 
cancer patients [7, 8], the overarching commonality of PDT 
among both cancer and transplant disease models point to 
the importance of addressing perceived psychosocial burden 
in the context of resilience factors [9]: favorable coping 
skills, self-efficacy, sense of coherence, optimism, and social 
support. This is particularly relevant as 50% of transplant 
patients were found to have a need for psychological care, 
especially for affective and anxiety disorders [10]. Poor 
transplant outcomes have been associated with weak or 
absent support systems, history of nonadherence, active psy-
chiatric pathology, significant cognitive impairment, and 
personality disorders with impulsivity [11]. Studies among 
the transplant population have sought to address these issues. 
In fact, an intensive psychodynamically oriented interview 
was found to be a useful approach for bone marrow trans-
plant candidates [12], whereas a psychodynamically based 
dreamwork was helpful in aiding transplant patients adjust to 
their new organ [13].

Medically ill patients experience a wide array of core 
emotions: anger, anxiety, guilt, fright, shame, sadness, hap-
piness, envy, relief, and hope [14]. Moreover, patients may 
express these emotions in different ways to cope with stress 
and illness, depending on one’s temperament, attachment, 
developmental experiences, and personality style. Seven per-
sonality styles were historically identified in the medical set-

ting [15]: (1) dependent with fears of abandonment and need 
for care, (2) obsessive and detail-oriented, (3) narcissistic 
with feelings of superiority and need to feel invulnerable, (4) 
masochistic with worthlessness and help-rejecting, (5) para-
noid and distrustful, (6) histrionic with over dramatization 
and need for attention, and (7) schizoid with loneliness and 
avoidance of care. Understanding the different personality 
styles is crucial in helping patients cope with stress and fos-
tering the patient-doctor therapeutic alliance. For instance, a 
transplant patient with perceived lack of symptom improve-
ment may engage in help-rejecting behaviors to fulfill an 
unconscious need to assume the sick role and to avoid fear of 
abandonment. The physician who recognizes this personality 
style may improve the therapeutic alliance through setting 
realistic treatment expectations and emphasizing continued 
medical care beyond the hospital encounter.

In addition to the multitude of physical, psychological, 
affective, behavioral, and cognitive challenges involved in 
the transplant process, patients suffering from end-organ 
failure are faced with the prospect of a limited life expec-
tancy, wherein fear of death, inner conflicts, and the ambigu-
ity of a timely and successful transplant come to the fore in 
one’s quality of life [9]. Thus, the goals of PDT may extend 
beyond symptom remission, facilitating an open exploration 
of one’s fears, desires, dreams, and fantasies, all of which 
influence how the patient views the self and others, interprets 
or makes sense of experience, avoids aspects of experience, 
or interferes with the potential capacity of finding joy and 
meaning in life [3].

When faced with the onset and progression of illness, 
transplant patients may find it additionally difficult to face 
stressors akin to what Strain and Grossman describe as types 
of stress hospitalized patients experience [16]:

 1) Threat to narcissistic integrity. By accepting the “sick 
role,” the patient may experience a narcissistic injury 
when faced with pain and suffering that may occur 
before and after transplantation. A diminution of func-
tion, vitality, and locus of control may be heightened by 
complications of post-transplant delirium, increased 
hospital length of stay, neurotoxicity of immunosuppres-
sive medications, graft rejection, retransplantation, or 
death [9, 10, 17].

 2) Fear of strangers. The hospital environment is often 
stressful for patients, particularly when one’s well-being 
is dependent on the care of others. There are often changes 
in hospital staff day-to-day which can be quite stressful. 
There are multiple members on physician teams and 
these teams change. Frequently, patients find multiple 
hospital staff walk into their rooms at all times of day: 
multiple physicians from primary and consulting teams, 
social workers, dieticians, nurses, assistants, radiology 
technicians, and others. For those with history of trauma 
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or paranoia, patients may find it difficult to trust others 
whose actions may in fact be benign and beneficial [18]. 
Ego-supportive therapy may be helpful in further provid-
ing support, reassurance, and encouragement with the 
goal of both achieving symptom alleviation and fostering 
a positive transference [7].

 3) Separation anxiety. Patients might experience separation 
anxiety, given the new and often changing environment 
of the hospital setting, which can instill unfamiliarity, dis-
ruption, and lack of structure. While in the hospital, 
patients are separated from their homes and extended 
families, their routines, and daily structures. Some are 
required to move closer to the transplant center to await 
the surgery and for an extended time after the transplanta-
tion. Some patients might need to go to rehabilitation or 
skilled nursing facilities after the immediate transplant 
hospitalization, and it might not be apparent when they 
are safe to return home. Patients may develop anxiety 
when their capacity to adapt to change is tested, which 
may be further complicated by post-transplant delirium 
and cognitive deficits.

 4) Fear of loss of love and approval. Physical changes and 
adaptation of the sick role can sometimes instill within 
patients feelings of disapproval and loss of love from 
their physicians, nurses, and family members. Transplant 
patients may develop chronic worries about retransplan-
tation, serious comorbidities, and death [19]. These feel-
ings may be even more distressing when one feels 
ongoing suffering along with limited perception of recov-
ery, exposing underlying fantasies of past failed attach-
ments and dependency conflicts.

 5) Fear of loss of control of developmentally achieved func-
tions. Given the multitude of physical changes and expec-
tations for recovery within the post-transplant period, 
patients may find it challenging and frustrating to regain 
these physical and mental functions that were once under 
one’s control. From difficulties in regaining abilities to 
breathe on their own after a ventilator, to speak and vocal-
ize on one’s behalf, to urinate and defecate, to adhering to 
one’s complex medication regimen and new lifestyle rec-
ommendations, or to returning to work or other meaning-
ful activities—all these may threaten self-esteem and 
ability to tolerate loss of control [18].

 6) Fear of loss or injury to body parts. This fear can be anal-
ogous to castration anxiety, or the fear of not only losing 
one’s body part, but also to one’s ability to function in 
society. Moreover both occupational and sexual function 
deficits persist after transplantation [20] which may be 
threatening to one’s physical vulnerability, symbolic 
sense of empowerment, and basic safety needs [18].

 7) Reactivation of feelings of guilt and shame and fears of 
retaliation for previous transgressions. Patients may 
question their illness or even their decision to pursue 

transplantation in the first place. The experience of guilt 
toward the donor, for instance, after one has accepted a 
new organ, may arise and increase stress and nonadher-
ence with treatment and recovery. This phenomenon 
occurs in the context of the psychodynamic conceptual-
ization of organ integration or the psychological process 
of experiencing the transplanted organ as part of the 
patient’s self and not as part of the donor or as a foreign, 
external object [21]. The transplantation process may 
evoke strong doubts of one’s identity and meaning of life. 
This is especially the case when guilt is unconsciously 
enacted as a masochistic punishment for accepting and 
failing to successfully integrate an organ from a deceased 
donor; rather, instead of viewing the new organ as part of 
one’s identity, it is viewed as “foreign” [21].

Related to personality attributes and coping styles utilized 
in the context of illness is the theory of attachment, or the 
history of lifelong patterns of responding to threats in the 
environment that are learned in the interaction between 
infant and caregiver, especially during the first two years of 
life. Attachment insecurity may affect stress regulation, 
resulting in altered use of external regulators of affect (e.g., 
substance abuse, eating and sexual behaviors) or protective 
factors (e.g., treatment adherence, symptom reporting) [22]. 
For instance, in secure attachment, there is an internalized 
sense of worth, effectiveness in eliciting care when required, 
and self-efficacy in dealing with most stressors. Other 
patients may be in a preoccupied attachment, wherein they 
are likely to be excessively care-seeking, anxious, and 
dependent. In dismissing attachment, patients may be overly 
self-sufficient and avoidant of care when provided to them, 
which often leads to stress when confronted with being in the 
hospital during the transplant process. And lastly, fearful 
attachment characterizes those who are self-conscious, 
doubting, and suspicious [22, 23].

Furthermore, psychodynamic factors are inherent in the 
interactions between physicians and patients. 
Countertransference describes both the physician’s uncon-
scious and conscious total emotional reaction to a patient 
[24] with certain physician characteristics identified as most 
susceptible: those with senses of perfectionism, exaggerated 
sense of responsibility, and fantasies of rescue and omnipo-
tence [25, 26]. These may subsequently lead to feelings of 
frustration, anger, helplessness, and behavioral enactments 
of avoidance and abandonment of both the patient and the 
environment, particularly if certain patient characteristics 
evoke these countertransference reactions: the “whining self-
pitier,” the suicidal patient [27], or the “hateful patient” [28].

Groves [28] identifies four styles of patients and qualities of 
dependent interactions with medical professionals: “depen-
dent clingers” who might request constant support, “entitle 
demanders” who use intimidation and guilt induction to 
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obtain reassurance, “manipulative help rejectors” who exhaust 
medical providers by returning again and again with the per-
ception that medical interventions have failed, and “self-
destructive deniers” who frequently display behaviors that are 
contraindicated for their medical conditions (i.e., the recent 
cardiac transplant patient who is shoveling snow). From a prac-
tical point of view, physician awareness of these subtypes is 
helpful especially for those who service patients with end-stage 
organ disease and transplantation as these patients require fre-
quent medical care that is both overwhelming and demanding. 
Staff and physicians may feel inundated by the requests that 
patients make and may themselves become exhausted by the 
care of these patients.

Through the process of exploring a patient’s overall 
attachment history, personality style, coping mechanisms, 
intrapsychic conflicts and transference reactions, as one jour-
neys through the stages of transplantation, a life narrative 
can conceptualize and subsequently inform the patient-doc-
tor relationship about the psychodynamic underpinnings of 
one’s experience with anger, despair, and anxiety in the face 
of chronic medical illness within the hospital and clinic set-
ting. With the help of the clinician, the patient can begin to 
understand the role and meaning of illness in the overall con-
text of one’s life narrative.

 Existential Therapies

 Existential Psychotherapy

Existential therapy derives from existentialism or the philo-
sophical examination of the basic struggles of human exis-
tence. From Friedrich Nietzsche’s the will to power [29] to 
Viktor Frankl’s self-transcendence [30] – the individual, by 
virtue of one’s existence, or what Martin Heidegger referred 
to as being-in-the-world [31], seeks to satiate biological, 
psychological, and social needs to achieve the capacity to 
symbolize, imagine, and create personal meaning. Here, the 
individual’s existence is negotiated within one’s relationship 
to the self and others, both within the finite boundaries of life 
and death [32–34].

Within the transplant setting, patients may experience 
increasing and persistent stress, particularly when faced with 
the immediacy of disease onset and progression that may 
ultimately develop into an existential crisis, of which the 
extreme possibility is death [35]. For example, in hemato-
logical cell transplantation (HCT), over 90% of survivors 
experience at least one serious physical complication, with 
chronic graft-versus-host disease (cGVHD) representing one 
significant factor in quality of life [36]. Complex physical, 
emotional, and social challenges are faced, which may all 
continue well into the post-transplant recovery phase [37, 38]. 
For both the patient and one’s spouse or significant other, this 

period may represent a “dynamic interaction” during which 
the transplant couple may face unpredictability as they put 
their “life on hold” [39]. Although family relationships return 
to “normal” [40] sometime after transplantation, these rela-
tionships may experience prolonged anxiety, decreased per-
ceived quality of life, changes in role function, and marital 
distress [41–43].. Thus, clinicians may help patients and their 
family navigate through the transplant process by finding 
meaning in suffering, especially as this process can often 
generate unrelenting anxiety, lack of freedom, isolation, 
guilt, and hopelessness in the midst of physical pain, emo-
tional angst, prospect of death, and the uncertainty of end of 
life [32, 44].

Existential psychotherapy provides an opportunity for 
patients to address questions about their existence and to 
understand and ease anxiety when facing questions about 
one’s mortality. Several philosophical principles underlie 
existential therapy: (a) humans need to find meaning and 
purpose in their lives; (b) humans have the capacity to 
freely choose and change values; (c) humans will face chal-
lenges in their life and function best when tackling these 
challenges; (d) all emotions (negative and positive) are 
essential to being human and are an opportunity for thera-
peutic work; and (e) relationships and interactions with 
one’s environment are fundamental to the human experi-
ence [45, 46].

The concept of organ transplantation, for instance, 
illustrates the founding ground of Heidegger’s being-in-
the-world, particularly when a patient suffering from a 
failing organ undergoes the alien experience of feeling 
hurt, tired, and nauseated—sensations that may heighten 
not only anxiety at the prospect of a malfunctioning organ 
that may entail receiving a new organ but also obtrusive 
feelings of mortality and death [33]. For instance, candi-
dates for heart transplant have been found to have high 
levels of psychological distress related to the possibility 
of an unavailable heart and the potential of life-threaten-
ing heart failure [47]. The finitude that a patient may 
experience when confronted with these possibilities 
embodies the limitations associated with the physicality 
of the body, all the while striving for self-transcendence 
in finding meaning in one’s life beyond physical and emo-
tional suffering [47, 48].

Existential therapy can be valuable for transplant patients 
who are able to access emotional experiences or to overcome 
barriers that preclude a patient’s ability to cope with the 
transplantation process. As a “fellow traveler” through this 
process, the clinician supports the patient to confront anxiety 
in the setting of death, isolation, freedom, and emptiness 
inherent in one’s suffering [34].. The clinician then can elicit 
personal choices and encourage the patient to focus on 
responsibility in making one’s own decisions and to continu-
ally derive personal meaning [32, 34].
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 Dignity Therapy

Dignity therapy is a psychotherapeutic approach to patients 
who are nearing death that focuses on the production of a 
“generativity document” and aims to maximize the dignity 
conserving practices and perspectives of the patient. Dignity 
therapy was created by Dr. Harvey Max Chochinov based 
upon his work with patients with end-stage cancer. He was 
inspired to consider the impact and meaning of dignity at the 
end of life by the Dutch study on euthanasia and other medi-
cal decisions to end life (MDEL) published in 1991. This 
study found that “loss of dignity” was the most common rea-
son given by physicians who had participated in hastening 
the death of their patient, cited in 57% of cases [49]. The 
intended targeted patients of dignity therapy are those facing 
a life-threatening illness or life-limiting circumstances. 
Many of the patients who have taken part in dignity therapy 
are patients with cancer diagnoses; the therapy has also been 
utilized for patients with other terminal diagnoses such as 
neurodegenerative disorders, end-stage renal disease, end-
stage chronic obstructive pulmonary disease (COPD), and 
the frail elderly.

Traditionally, dignity therapy takes place over four ses-
sions and is comprised of two main tasks: an interview with 
the patient in which she speaks about her life and the experi-
ences that have been most important to her, and the creation 
of a “generativity document” which is an edited transcript of 
the interview. Dr. Chochinov suggests a question protocol 
that can be used to guide the interview, but generally the 
interviewer should allow and help the patient to speak about 
what is meaningful to her. The document can then be given 
to the patient’s family if she so desires. This process allows 
the patient approaching death to consider who she is and 
what she has felt throughout her life and to leave behind an 
enduring legacy for others.

The efficacy of dignity therapy has been studied numer-
ous times, both by Dr. Chochinov’s group and by others 
around the world. Dignity therapy has been found to improve 
quality of life and spiritual well-being and lessen sadness 
and depression. Dignity therapy has also been found helpful 
for the families of patients with terminal illnesses [50]. The 
efficacy of dignity therapy in different patient populations 
continues to be actively studied; at least seven studies were 
published in 2017 related to dignity therapy, including stud-
ies on its efficacy in patients with Huntington’s disease, as 
used by nursing staff, for loved ones, and in newly diagnosed 
cancer patients [51–53].

Given that dignity therapy is primarily intended for 
patients facing death, its use in a transplant population would 
be most efficacious and appropriate for those patients in 
potentially terminal situations, e.g., a patient in liver failure 
awaiting transplant but with little hope of making it off the 
waiting list, a patient following lung transplant with progres-

sive bronchiolitis obliterans, or a patient with end-stage 
organ disease who decided not to pursue transplant or was 
declined by the team. Generally patients should be more than 
2 weeks away from death in order to have time to complete 
the process, and although insight into their prognosis is not 
necessary, it can be helpful to maximize the impact of the 
therapy. No literature has yet been published applying dig-
nity therapy to transplant patients in particular.

 Meaning-Centered Psychotherapy

Meaning-centered psychotherapy was developed by Dr. 
William Breitbart at Memorial Sloan Kettering Cancer 
Center in response to the need for an intervention for 
advanced cancer patients struggling with despair, hopeless-
ness, and desire for hastened death, but not necessarily 
depressed [54]. The intervention was originally developed as 
a group therapy; later an individual form of the therapy was 
developed to address the difficulties of coordinating groups 
of very medically ill people. Meaning-centered psychother-
apy was largely inspired by the work of Victor Frankl who 
wrote the book Man’s Search for Meaning in 1946 based on 
his experiences in a concentration camp during World War II 
[39].

This therapy is designed specifically for demoralized 
patients with a limited prognosis. The therapy aims to bring 
meaning to patients’ lives through encouraging them to con-
sider their choice of attitudes toward life and death; their 
connection with life through love, art, humor, nature, and 
relationships; their engagement with life through creative 
pursuits; and their understanding of their own identity and 
legacy. Group meaning-centered psychotherapy takes place 
over eight sessions, and individual meaning-centered psy-
chotherapy over seven sessions, with each session focusing 
on a slightly different aspect of meaning. Each session con-
sists of some didactic instruction and some experiential 
exercises.

The efficacy of both group and individual meaning-cen-
tered psychotherapy has been studied extensively. In the first 
randomized controlled trial, patients with advanced cancer 
who participated in group meaning-centered psychotherapy 
were found to report significantly improved “meaning/
peace” and “faith” and show a significant decrease in anxiety 
and desire for death as compared to patients who participated 
in supportive psychotherapy [55]. The first randomized con-
trolled trial of individual meaning-centered psychotherapy in 
patients with cancer showed an improvement in spiritual 
well-being and overall quality of life, as well as a decrease in 
physical symptom distress, but the same decrease in anxiety 
and desire for death was not found.

There is no literature currently on the use of meaning-
centered psychotherapy in transplant patients. Although 
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meaning-centered psychotherapy was designed for and has 
been studied in patients with cancer with a limited prognosis, 
its use to mitigate demoralization in patients with end-stage 
organ disease, facing transplant, or post-transplant could be 
significant. For example, one session of meaning-centered 
psychotherapy focuses on exploring the patient’s identity 
before and after cancer; this exercise could easily be adapted 
for a patient with an illness requiring transplant or who is 
living with a transplanted organ.

 Structured Therapies

 Cognitive-Behavioral Therapy

Originally developed by Aaron Beck for depression, cogni-
tive-behavioral therapy (CBT) has now been demonstrated to 
be an effective treatment for many psychiatric conditions. 
CBT relies on a cognitive model of psychological distress. 
CBT is based on the theory that emotion, behavior, and cog-
nition are interconnected and psychological distress is due to 
problematic thinking patterns. Specific CBT approaches 
vary in emphasis but share the common underlying features 
of being problem-focused, goal-directed, and time-limited. 
With the help of a practitioner, patients learn to challenge 
and modify dysfunctional beliefs so that their distress can be 
alleviated [56].

Sensky [57] has described in detail how CBT has been 
adapted for use in people with physical illnesses. In the med-
ical setting, an ideal starting point for cognitive therapy is to 
understand the patient’s perception of his medical problems 
and explore any links between the physical and emotional 
states. An individual’s thoughts and perceptions of their ill-
ness or their body sensations and how these thoughts influ-
ence their behaviors, physiology, and emotions are central to 
the cognitive model. For example, if even benign bodily sen-
sations are regarded as being symptoms of disease, several 
consequences ensue: (1) the patient may become emotion-
ally distressed, which may increase bodily sensations; (2) the 
patient will pay more attention to these symptoms and worry 
will increase; (3) the patient employs coping strategies that 
may exacerbate symptoms instead of relieving them; and (4) 
caretakers, including doctors, may respond to the patient in a 
way that intensifies the patient’s concerns, attention to bodily 
sensations, and dysfunctional coping. Working closely with 
the patient and having the patient actively collaborate with 
their physician can restore a patient’s sense of mastery or 
control over his illness. Overall, the aim is to help the patient 
examine the beliefs underlying his illness and understand 
how they affect his behavior.

Despite extensive empirical evidence of CBT utility in a 
vast number of medical problems such as HIV, cardiovascu-
lar diseases, insomnia, and renal failure [58–66], there are no 

studies to examine its effect on quality of life or depression 
in patients with or awaiting transplantation. Given its proven 
efficacy for depression and anxiety, one might imagine that 
CBT is a very helpful non-pharmacological approach to psy-
chotherapy in patients who are pre- or post-transplant.

 Acceptance and Commitment Therapy

Similar to cognitive-behavioral therapy, acceptance and 
commitment therapy (ACT) focuses on increasing psycho-
logical flexibility by using acceptance and mindfulness strat-
egies. Developed by Steven Hayes in 1982, ACT is founded 
on the idea that suffering is normal but can be made manage-
able through the development of cognitive flexibility. This is 
achieved through the three pillars of ACT: (1) being present 
in the moment and maintaining awareness of what one is 
feeling, (2) observing and being open to emotions as they 
evolve, and (3) clarification of a patient’s personal values and 
what is meaningful to his life. With these three pillars in 
mind, practitioners and patients are able to create an action 
plan to more effectively handle painful thoughts and feel-
ings. Over time, patients gain mastery in tolerating and 
accepting negative feelings. Further, they are able to create 
action plans that help them engage in behaviors that align 
best with their value systems [67].

ACT has been empirically tested and demonstrated prom-
ise for the treatment of depression and anxiety, as well as 
chronic medical conditions [68, 69]. ACT has also become 
popular in behavioral medicine for a variety of chronic ill-
nesses and conditions that require changes in health behav-
iors, such as diabetes and smoking cessation [70, 71]. ACT 
has been shown to reduce distress and improve functioning 
among people living with chronic medical conditions such as 
patients with cancer, migraines, and chronic pain [70, 72, 73].

In patients with transplant and organ dysfunction, ACT 
may be particularly well-suited as it offers a model of healthy 
adaptation to patients’ often challenging medical and psy-
chosocial realities and encourages patients to be present in 
the moment, open, and focused on what matters to them. 
While no empirical studies have analyzed the efficacy of 
ACT for people with organ dysfunction and transplant, the 
foundations of ACT and effectiveness in other chronic medi-
cal conditions suggest that ACT would likely be helpful in 
patients undergoing transplant.

 Mindfulness-Based Cognitive Therapy 
and Mindfulness-Based Stress Reduction

Mindfulness training is a method for self-regulation of atten-
tion. Mindfulness increases awareness of inner thoughts, 
emotions, and bodily sensations while fostering an attitude 
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of acceptance. Using breathing meditation and yoga 
stretches, it helps participants become more aware of the 
present moment and be aware of changes in the body and 
mind [74].

Programs that rely on the tradition of meditation are 
mindfulness-based stress reduction (MBSR) and mindful-
ness-based cognitive therapy (MBCT). Both are highly 
structured, educational, patient-focused interventions with 
formal training in mindfulness meditation. MBSR was 
developed by Jon Kabat-Zinn and aims to help patients man-
age physical and emotional pain [75]. MBSR programs gen-
erally consist of 60–90 min sessions over 7–10 weekly group 
sessions. Mindfulness-based cognitive therapy (MBCT) has 
been adapted from mindfulness-based stress reduction 
approaches as a treatment for depression [76]. While both 
rely on the tradition of meditation, MBCT also includes sev-
eral techniques from cognitive therapy focusing on the links 
between thinking and feeling and participants to effectively 
respond when depression threatens to overwhelm them.

With training patients learn to perceive emotional and 
physical states as they are and let thoughts come and go in 
awareness with no attempts to change, suppress, or elaborate 
on them. MBSR was developed to help individuals with 
chronic health conditions cope with difficult physical symp-
toms not improving with standard medical care, with the 
early work focusing on chronic pain [75]. MCBT encourages 
participants to “let go” of thoughts in order to interrupt the 
link between low mood and negative thoughts. With this 
skill, patients are able to tolerate distressing thoughts, moods, 
and bodily sensations. They are encouraged to stay in the 
present moment and not focus on the past or future.

The practice of mindfulness is associated with distinct 
physiological effects including an increase in parasympa-
thetic nervous system activation [77], which may lead to the 
reduction of distressing physical symptoms. MBSR has been 
demonstrated to help patients with a variety of illnesses 
adjust and improve their quality of life [62, 63, 78]. For 
example, cancer patients practicing mindfulness experience 
reduced stress, pain, and fatigue, as well as improved sleep 
[79, 80]. The benefits of mindfulness practice with MBSR 
may contribute to the overall improvement in parasympa-
thetic nervous system activation, such as reduced sinus 
arrhythmia [77, 81] and long-term decreased cortisol, proin-
flammatory cytokines, and blood pressure in cancer patients.

Transplant patients often have to live with difficult physi-
cal symptoms and medication side effects. Even with excel-
lent function of the transplanted organs, immunosuppressive 
medications generate adverse effects and cause new 
complications.

In the first randomized control trial of MBSR in patients 
with solid organ transplant, it was found that patients who 
had 8 weeks of MSBR training had lower depression rating 
scores and better sleep. At 1 year, anxiety, depression, qual-

ity of life, and sleep remained improved from baseline in 
those who received MSBR compared to those with only psy-
choeducation [82].

 Therapies Aimed at Adherence

A significant part of a patient’s candidacy for organ trans-
plantation is medication adherence, which has been associ-
ated with improved outcomes among solid organ transplant 
candidates [83]. Individuals with chronic kidney disease, for 
example, experience complex and dynamic physical and 
emotional lifestyle changes, all of which may affect patients’ 
motivation to manage their illness [84]. Nonadherence, vary-
ing in incidence from 19% to 25% per year, with vital and 
lifelong post-transplant immunosuppressants, has been asso-
ciated with significant complications, including graft rejec-
tion, increased health-care costs, lower quality of life, and 
mortality [85, 86]. For transplant recipients, the ability to fol-
low recommended treatment may be complicated by not 
only the complex medication regimens, but also by the bur-
den of experiencing cognitive barriers (e.g., forgetfulness), 
need to attend frequent medical visits, undergoing laboratory 
tests, and adjusting to lifestyle modifications [87]. This may 
result in diminished motivation and disengagement of 
patients from their clinicians.

Originally developed within the field of addiction as an 
alternative to the confrontational approach of treating sub-
stance use disorders, motivational interviewing (MI) is a col-
laborative, goal-oriented approach that builds intrinsic 
personal motivation and growth as a result of the exploration 
of a patient’s conflict between ambivalence and need to 
change [88]. Although few have tested MI among the trans-
plant population, Dobbels and colleagues have shown that 
MI, in addition to other multicomponent behavioral inter-
ventions based on social cognitive theory, increased adher-
ence to tacrolimus among post-transplant heart, liver, and 
lung recipients, sustainable even at 5 years post-intervention 
[89, 90]. MI has been an effective method of encouraging 
patients with chronic kidney disease in self-managing their 
care [91]. For instance, among a randomized sample of 793 
patients with chronic kidney disease in 9 different Dutch 
hospitals, those patients who were coached MI by a nurse 
practitioner had increased adherence rates with improvement 
in self-management over the course of 5  years and corre-
sponding decrease of cardiovascular comorbidity and mor-
tality, all-cause mortality, renal function, vascular damage, 
and improvement of quality of life [92].

Although MI is typically thought of as a brief interven-
tion, it can also be conceptualized as a communication style 
to enhance intrinsic motivation to change while exploring 
and resolving ambivalence. Four principles underlie this col-
laborative approach [93]:
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Engaging The process of establishing a helpful connection 
and working relationship inherent in the therapeutic alliance 
between the patient and clinician.

Focusing The process by which a patient develops and 
maintains a direction in the conversation about change and 
the movement toward a specific goal.

Evoking The process of eliciting the patient’s own motiva-
tions for change, which represents the heart of MI, rather 
than from a solely paternalistic approach or “righting reflex.” 
This may be problematic if advice put forth by the clinician 
is incongruent with the patient’s own personal values.

Planning The process that encompasses the patient both 
developing commitment to change and formulating a con-
crete plan of action, all the while promoting patient auton-
omy in decision-making and eliciting change talk.

Related to these four principles are core interviewing 
skills that are flexibly utilized in order to invite change talk 
and to explore resistance to change [93]:

Open-Ended Questions Encourage the patient to reflect and 
elaborate on motivations for change.

Affirmations The clinician comments on the patient’s 
strengths, abilities, good intentions, and efforts as a way to 
promote acceptance and support of the patient as well as 
self-efficacy.

Reflective Listening The process by which the clinician 
restates empathetically one’s understanding of what the 
patient had said and to encourage the patient to discuss more 
about one’s ambivalence and motivation for change.

Summarizing A clinician’s best understanding of the 
patient’s experience with ambivalence and motivation for 
change, while further collecting change talk statements and 
linking discrepancies underlying resistance to change. This 
allows the clinician to paint a “whole picture” for the patient 
to negotiate ambivalence with one’s desire, ability, reason, 
need, and commitment to change behavior.

MI is an effective and empirically based intervention 
and communication style that cuts across several disci-
plines to address behavioral problems wherein ambivalence 
and motivation to change are salient. For the transplant 
patient, treatment nonadherence, especially with immuno-
suppressants (and the risks associated with rejection and 
graft loss), highlights the importance of MI as a behavioral 
intervention that informs the way in which the clinician 
collaboratively works with the patient to strengthen one’s 
own motivation and commitment to change and sustain a 
good quality of life.

 Caregiver Support

Transplantation is a family affair. The whole family is neces-
sary to support the patient through the evaluation, waiting 
list, and actual transplantation process. It is no surprise that 
family members play a key role in providing support and as 
a result have increased distress, anxiety, and depressive 
symptoms themselves. The rates of depression and anxiety-
related disorders in caregivers for transplant patients exceed 
those found in other caregiver populations. In one study with 
3-year follow-up, the rates of psychiatric disorders in trans-
plant recipient caregivers were major depressive disorder 
(MDD), 31.6%; adjustment disorders, 35.4% (29.4% with 
anxious mood); post-traumatic stress disorder related to the 
transplant (PTSD-T), 22.5%; generalized anxiety disorder, 
7.3%; and any assessed disorder, 56.3%. Thus, focus on 
caregiver support is essential when caring for a patient who 
is considering and undergoing transplant.

In small studies of caregivers of transplant recipients, 
MBSR led to lower scores of perceived stress and anxiety 
[94]. Caregivers can also benefit from stress reduction 
techniques.

 Group Therapy

Transplant patients have many shared experiences and con-
cerns. Transplant patients face special issues: lack of com-
munity knowledge regarding transplant, concerns about 
source of their donor, lifelong needs for immunosuppres-
sion and resultant risks of infection, and changes in physi-
cal appearance [95]. Given this shared experience, one 
might conjecture that patients can benefit from hearing 
from others’ experiences. In a brief open group therapy 
program for renal transplant patients, Buchanan noted that 
patients benefited from learning to cope by observing oth-
ers in the group. Further, by spending time together, patients 
developed a sense of community and develop realistic 
expectations of the future [96]. Structured programs that 
address both pre-transplant and post-transplant experiences 
have been outlined and have the potential to be effective in 
alleviating patients’ and families’ concerns in a resource-
efficient manner [95].

 Conclusions
The psychological needs of transplant and end-stage 
organ disease patients are complex and require a multidis-
ciplinary approach. Improving patients’ access to 
resources is essential in developing more structured and 
evidence-based treatments. While more research needs to 
be done in the field of psychotherapy and non-pharmaco-
logical interventions for mood disorders in transplant 
patients, we might extrapolate the benefits of these inter-
ventions from other chronically ill patient populations.
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Despite the limitations in evidence and research, there 
is support that a variety of treatment modalities are useful 
non-pharmacological options for this vulnerable popula-
tion. Supportive and psychodynamic psychotherapies are 
effective in bolstering the patient’s preexisting resilient or 
adaptive coping mechanisms. Existential and meaning-
centered psychotherapy can be helpful in patients ques-
tioning meaning in the face of challenges related to organ 
transplantation. CBT and ACT may help patients with 
distorted perceptions of their illness or those who are par-
ticularly struggling with physical symptoms. Dignity 
therapy is useful for patients nearing the end of life, and 
motivational interviewing is helpful for patients strug-
gling with adherence to treatment recommendations. In 
addition, caregivers for transplant patients require support 
and would also likely benefit from interventions such as 
dignity therapy.

Further research is required to assist providers identi-
fying characteristics of patients that might be most suited 
for particular interventions. For now, we depend on the 
skill of mental health providers and patient’s principal 
caretakers to identify interventions that may alleviate a 
patient’s distress and improve their quality of life.

Resources for therapy
Supportive and 
problem-solving 
approaches

Textbook of Psychotherapeutic Treatments
Edited by Glen O. Gabbard [24].

Psychodynamic 
psychotherapy

Brief Psychotherapy at the Bedside: 
Countering Demoralization from Medical 
Illness by James Griffith and Lynne Gaby 
[97]
Existential Psychotherapy by Irvin Yalom 
[34]

Cognitive-behavioral 
therapy

Coping with Chronic Illness: A Cognitive-
Behavioral Therapy Approach for 
Adherence and Depression
by Steven Safren, Jeffrey Gonzalez, 
Nafisseh Soroudi
[98]

Acceptance and 
commitment therapy

Acceptance and Change: Content and 
Context in Psychotherapy by Steven Hayes 
[99]

Mindfulness-based 
cognitive-behavioral 
therapy

Full Catastrophe Living: Using the Wisdom 
of Your Body and Mind to Face Stress, 
Pain, and Illness by Jon Kabat-Zinn [100]

Dignity therapy Dignity Therapy: Final Words for Final 
Days by Harvey Chochinov [101]

Meaning-centered 
psychotherapy

Meaning-Centered Group Psychotherapy 
for Patients with Advanced Cancer: A 
Treatment Manual by Breitbart, William 
Poppito, Shannon R [102].

Motivational 
interviewing

Motivational Interviewing: Helping People 
Change by William miller and Stephen 
Rollnick [93]
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 Introduction

Social workers play an integral role in the transplantation pro-
cess for patients, their families and caregivers, and the medical 
teams. The focus of the practice in solid organ transplant social 
work involves psychosocial evaluation, addressing identified 
areas of psychosocial vulnerability or risk factors, and working 
as part of a multidisciplinary team to best support patients and 
their families during this complex and challenging process. 
While the transplant social work practices and evaluation tools 
may vary between transplant centers and across organ groups, 
the Centers for Medicare and Medicaid Services (CMS) have 
created mandates for all transplant centers. These mandates are 
aimed at standardizing care, guiding best practices, ensuring 
equal access to care, and ultimately protecting the health and 
safety of solid organ transplant patients (see Table 44.1).

 Psychosocial Evaluation

Social workers are frequently among the first transplant team 
members to have in-depth interactions with patients. This 
often begins with a thorough psychosocial evaluation.

For the purpose of this chapter, we will not cover the dis-
tinct differences in the evaluation process and unique ethical 
considerations that occur in the psychosocial evaluation of 
and work with living donors (see Chap. 4). However, it is 
important to acknowledge this unique area of organ trans-
plantation in social work practice.

The psychosocial evaluation includes the patient and ide-
ally his or her identified support persons/caregivers. This 

process helps the multidisciplinary transplant team identify 
patients’ strengths and protective factors that will assist the 
patient in navigating the complex transplant process as well 
as possible risk factors that can lead to negative outcomes. 
The detailed psychosocial evaluation aims to optimize physi-
cal, emotional, and mental well-being of patients post-trans-
plantation [2]. Please refer to Chap. 3 for full review of the 
psychosocial evaluation process for potential candidates at 
Stanford Health Care. The identified risk factors allow trans-
plant social workers to develop targeted interventions to 
minimize risks and assist patients in optimizing their trans-
plant candidacy and post-transplant physical and emotional 
outcomes. As part of their intervention, social workers refer 
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Table 44.1 CMS mandates for the solid organ transplant programs [1]

CMS 
regulation 
reference Regulation
Regulation 
X092

A social worker must be part of the solid organ 
transplant team. “Transplant centers must make 
social services available, furnished by qualified 
social workers to transplant patients, living donors 
and their families” [1]

Regulation 
X053

A psychosocial evaluation must be conducted for 
potential transplant candidates. “In nearly all cases, 
the transplant program must conduct and document 
the psychosocial evaluation conducted on a 
prospective transplant candidate before his/her 
placement on the waitlist. With exception to 
emergency situations” [1]

Regulation 
X093

A qualified professional is “an individual who meets 
licensing requirements in the state in which he or she 
practices; and (1) Completed a course of study with 
specialization in clinical practice and holds a 
master’s degrees from a graduate school of social 
work accredited by the Council on Social Work 
Education; or (2) Worked as a social worker in a 
transplant center as of June 28, 2007 and has served 
for at least 2 years as a social worker, 1 year of 
which was in a transplantation program and has 
established a consulting relationship with a qualified 
social worker” [1] (e.g., Masters of Social Work 
(MSW), Licensed Clinical Social Worker(LCSW))

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_44&domain=pdf
mailto:KWinnike@stanfordhealthcare.org
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patients to transplant psychiatrists for further evaluation of 
areas of concern and/or for treatment. Any concerns identi-
fied by transplant social workers that might interfere with 
successful management of a transplant are brought to the 
attention and discussed during the multidisciplinary trans-
plant committee meeting [3].

Pre-transplant, psychosocial updates are completed, at 
minimum, annually after the initial evaluation and psychoso-
cial needs are reassessed frequently and across the contin-
uum of transplantation. Patient’s psychosocial status might 
change while awaiting transplant or postoperatively (e.g., 
caregiver plan or mental health changes), and social workers 
are on the frontline to identify changes and intervene, as 
needed, to optimize outcomes.

 Psychoeducation

A thorough assessment of patients and caregivers’ health lit-
eracy is a key component of the initial psychosocial evaluation 
and can help the medical team to adapt education. Social 
workers have an obligation to ensure that patients and families 
have a realistic overview of the solid organ transplant process. 
In fact, CMS mandates that patients are informed of both med-
ical and psychosocial risks [1]. More specifically, CMS out-
lines that the potential risks of depression, post-traumatic 

stress disorder (PTSD), generalized anxiety disorder, anxiety 
regarding dependence on others, and feelings of guilt should 
be discussed with transplant candidates [1]. It is essential for 
patients to understand that solid organ transplant is not a cure 
and that they will be trading one disease for another condition 
requiring a lifetime of medical treatment. Furthermore, CMS 
requires that discussion of psychosocial risks takes place early 
in the evaluation process and is repeated whenever any major 
change in medical or psychosocial status occurs [1].

A multidisciplinary approach to patient education in the 
patient’s primary language through individual or group educa-
tion sessions, videos, and handouts can improve patients’ 
understanding of the complex transplant process. Incorporating 
psychoeducation into the initial psychosocial evaluation can 
also enhance patients and families’ understanding of the trans-
plant process and reinforce information that has already been 
reviewed or might follow this evaluation.

 Financial Preparedness

Undergoing transplantation can significantly impact finan-
cial stability. In preparing for transplant, it is essential for 
social workers to provide education around the significant 
costs of transplantation to patients and families (see 
Table 44.2) [4]. Both medical and nonmedical expenses are 

Table 44.2 Estimated US average 2017 billed charges per transplant

Transplant
30 days 
pre-transplant Procurement

Hospital 
transplant 
admission

Physician during 
transplant admission

180 days post-
transplant discharge

Outpatient 
immuno-
suppressants & 
other prescriptions Total

Single Organ/Tissue
Bone Marrow 
-Allogenic

$60,200 $72,200 $465,200 $22,600 $249,800 $22,700 $892,700

Bone Marrow 
-Autologous

61,500 15,300 226,300 10,700 81,300 14,500 409,600

Cornea NA NA 21,900 8,300 NA NA 30,200
Heart 43,300 102,100 887,400 92,300 222,800 34,500 1,382,400
Intestine 28,400 106,100 669,600 60,000 260,600 22,600 1,147,300
Kidney 30,100 96,800 159,400 24,900 75,000 28,600 414,800
Liver 41,400 94,100 463,200 56,100 126,900 30,800 812,500
Lung - Single 27,900 106,100 475,000 49,600 163.200 39,900 861,700
Lung - Double 38,800 127,600 679,100 68,900 226,500 49,800 1.190.700
Pancreas 13,400 97,900 131,400 19,600 62,600 22,100 347,000
Multiple Organ
Heart-Lung 93,100 155,900 1,731,900 162,800 373,600 46,700 2,564,000
Intestine with 
Other Organs

69,000 260,700 803,200 96,600 313,000 42,600 1,585,100

Kidney-Heart 136,300 126,700 1,582,100 163,900 450,200 71,700 2,530,900
Kidney-
Pancreas

36,500 135,100 274,500 35,900 107,000 29,100 618,100

Liver-Kidney 77,000 160.100 648,900 81.700 216.900 45,100 1,229.700
Other 
Multi-Organ

85,500 188,400 1,078,900 122,700 327,500 52,400 1,855,400

Reprinted with permission from Bentley, TS, Phillips, SJ. 2017. U.S. organ and tissue transplant cost estimates and discussion. In: Milliman 
Research Report. 2017.
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important to consider in financially preparing for transplant. 
Anticipated medical expenses include, but are not limited to, 
insurance deductibles, co-pays, and post-transplant medica-
tions. Nonmedical costs include, but are not limited to, pre-
transplant travel; lodging and food; medical flight for 
transplant; pending distance from transplant center; post-
transplant temporary relocation, if indicated; and loss of 
wages by patients and caregivers.

Social workers can support patients and families by pro-
viding education regarding fundraising. While there is a 
plethora of existing fundraising organizations available, a 
select few are transplant specific. The National Foundation 
for Transplants, Children’s Organ Transplant Association, 
and Help Hope Live are all 501(c)(3) nonprofit organizations 
that provide one-on-one guidance to patients and families 
throughout the fundraising process. The above organizations 
will manage funds raised and patients can submit bills for 
direct billing or receipts for reimbursement. Funds collected 
with the help of these particular organizations are not taxable 
due to nonprofit status and will not impact patient’s eligibil-
ity for or jeopardize assistance programs, such as Medicaid 
or Supplemental Security Income (SSI).

 Documentation and Discharge Planning

Transplant social workers are responsible for participating in 
and maintaining appropriate and supporting documentation 
on patients throughout the transplant continuum, starting 
with the psychosocial evaluation. In addition, it is mandated 
that social workers are actively involved throughout the ini-
tial hospitalization for transplantation [1]. Social workers 
must partner with members of the transplant multidisci-
plinary team to develop comprehensive safe discharge plans 
to optimize outcomes after patients leave the hospital.

Discharge planning for transplant is an important topic 
that is first discussed during the initial psychosocial evalua-
tion, with ongoing discussions across the transplant contin-
uum. Social workers facilitate discussions around caregiver 
plans, access to medications, relocation, temporary lodging 
arrangements, and financial preparedness in an effort to pro-
actively plan for discharge post-transplant. At Stanford 
Health Care, social workers are responsible for facilitating 
post-transplant lodging and ensuring that there is a safe and 
adequate lodging plan in place.

Available temporary lodging arrangements and resources 
will vary across transplant centers. In fact, at Stanford Health 
Care post-transplantation relocation policies vary signifi-
cantly even across organ groups. For example, Stanford’s 
lung transplant team requires their patients to reside within a 
45-min radius of the hospital, including time spent in traffic. 
In contrast, Stanford’s kidney transplant team determines 
whether patients are medically required to relocate on a case 

by case basis. If available, patients are provided with psycho-
education regarding lodging benefits through their insurance. 
Patients are strongly encouraged to financially prepare for 
relocation expenses through saving and fundraising. See 
financial preparedness section for further details. In the event 
of an ongoing financial hardship, a financial screening can be 
completed to assess for potential subsidies.

Lastly, education plays a significant role in the discharge 
planning process. Patients and their caregivers are required to 
participate in education with various members of the multi-
disciplinary team. This typically includes the post-transplant 
nurse coordinator, registered dietician, and pharmacist. Social 
workers are actively involved throughout the transplant pro-
cess, but take on a critical role during the final stages of dis-
charge planning, in addition to case managers, to ensure 
patients and their caregivers feel confident to leave the hospi-
tal and successfully manage care on their own.

 Therapeutic Interventions

Adjustment to illness can vary widely across the disease 
spectrum and may depend on the acute versus chronic nature 
of the condition. De Ridder et al. defines chronic illnesses as 
disorders that persist for a protracted period and impact a 
person’s ability to function [5]. Consequently, chronic ill-
nesses can provoke significant changes in lifestyle that may 
negatively impact a person’s overall well-being and quality 
of life [6].

With a multitude of potential losses in mind, it is not sur-
prising that some individuals with chronic illness have more 
difficulty adjusting than others. There are unique challenges 
related to the uncertain and erratic nature of the disease course 
[7]. Loss of control frequently pervades all aspects of a 
chronic illness [8]. In addition, fears regarding loss of self-
image, dependency, stigma of illness, abandonment, expres-
sion of anger, isolation, and death can overtake patients with 
chronic illness [9]. Potential responses to chronic illness 
include increased anxiety, depression, alienation, abandon-
ment, emotional ambivalence, hopelessness, powerlessness, 
and withdrawal from relationships [7, 10, 11]. Many of these 
responses occur in transplant recipients. In fact, Goetzmann 
et al. found that 41% of transplant recipients experienced psy-
chosocial hardship after transplant, including depression and 
anxiety, psychological stress, and lower quality of life [12].

Psychosocial interventions to reduce symptoms of dis-
tress with non-pharmacological approaches may facilitate 
improved quality of life and more adaptive coping among 
post-transplant recipients [13]. Transplant social workers are 
at the forefront of interfacing with transplant patients and are 
able to evaluate their emotional states and ideally intervene 
with non-pharmacological measures. There are a variety of 
psychotherapeutic techniques available (see Chap. 43 for 

44 Social Work Interventions in End-Stage Organ Disease and Transplant Patients



486

further details). One intervention that can be easily employed 
or recommended by transplant social workers is mindfulness 
training or mindfulness-based stress reduction (MBSR). In 
the first randomized controlled trial of MBSR in transplant 
recipients, Gross et al. found that MBSR reduced symptoms 
of distress and improved mental health and vitality in recipi-
ents of solid organ transplant [13]. Social workers may con-
sider exploring MBSR training and/or recommending a 
MBSR program to transplant recipients.

It is also important for transplant social workers to liaise 
with transplant and/or community psychiatrists and thera-
pists to refer patients for further evaluation and treatment 
when needed. In particular, community mental health-care 
providers with experience and expertise in dealing with 
adjustment to chronic illness can provide invaluable support 
and therapeutic interventions for transplant patients.

 Post-Transplant Interventions

After a patient is discharged from the hospital, social work-
ers follow patients for the life of the organ. Social workers 
use outpatient clinic as an opportunity to provide ongoing 
assessment and psychosocial support around adjustment to 
life post-transplant. Having a strong social work presence in 
clinic can help facilitate timely interventions to optimize 
patients’ psychosocial outcomes. During the post-transplant 
period, it is common for social workers to assist with a vari-
ety of issues, such as medication access, motivation and 
adherence, mental health concerns, caregiver support, and 
barriers to care such as changes in insurance, transportation 
issues, financial strain, and support related to end of life 
issues.

 Peer Support and Internet Resources

It is broadly recognized that peer support is valuable to trans-
plant patients, but the subject is underresearched [13]. Wright 
found that heart transplant patients enrolled in a formal men-
torship program appreciated the information and support to 
help them cope [14]. Interestingly, Wright further found that 
medical topics were among the most frequently discussed 
topics during such meetings, indicating that although patients 
had received information from their medical teams, it was 
essential for them to process this information with their peers 
who had a similar experience. In a study of liver transplant 
patients, the support group intervention demonstrated 
improved physiological, psychological, and social adapta-
tion of liver transplant recipients [15]. In a systematic litera-
ture review of volunteer-delivered peer support programs in 
oncology, Campbell et al. observed that several studies found 
wide ranging benefits of peer support, including reassurance, 

reduction in isolation, increased information sharing, 
improved coping skills, an enhanced understanding of the 
experience, and a sense of normalcy [16]. Social workers can 
promote these valuable peer connections by developing 
transplant-specific peer mentorship programs and support 
groups.

Patients may benefit from one-to-one connections with 
peers who have shared experiences. Augmenting patient 
care through support and education from a peer perspective 
is the primary goal of peer mentorship programs [17]. At 
Stanford, the Peer-to-Peer Mentor Program is another valu-
able resource for patients awaiting transplant. Patients are 
paired with peer mentors and the two connect by email, 
phone, or in-person, based on personal preference and geo-
graphical proximity. The transplant social workers often 
assist in identifying appropriate mentors and provide them 
with linkage to the Peer-to-Peer Mentor Program. In addi-
tion, social workers can identify transplant candidates who 
may benefit from a one-to-one peer connection and provide 
psychoeducation about the program and benefits of peer 
mentorship.

Many transplant centers offer traditional in-person sup-
port groups for patients and caregivers [17]. At Stanford, 
Health Care, solid organ transplant support groups are gener-
ally conducted on a monthly or every other month basis last-
ing an hour to an hour and a half. Pre- and post-transplant 
patients and their caregivers are invited to attend. Social 
workers organize and facilitate these meetings.

Many of the Stanford transplant support groups utilize a 
psychoeducational framework. Social workers collaborate 
with the transplant multidisciplinary team to coordinate 
psychoeducation sessions regarding each team member’s 
area of expertise to further support patients and their care-
givers across the transplant continuum. For example, phar-
macists discuss strategies for managing complex 
post-transplant medications, psychiatry presents on psycho-
logical care in all phases of transplantation, and transplant 
nurse practitioners and coordinators cover what to expect in 
post-transplant clinic and how to stay well post-transplant. 
Dieticians review the importance of nutrition, and physical 
therapists review the importance of staying active and strong 
throughout transplantation. Support groups also serve as a 
vehicle for physicians and transplant leadership to maintain 
open communication and build rapport with patients and 
families. Physician and transplant leadership can offer 
organ-specific programmatic updates while also presenting 
a unique opportunity for patients and caregivers to openly 
ask questions of the physicians and the programs. Social 
work will liase with local donor networks to arrange having 
a donor family present to the group. The donor family pre-
sentation provides a unique opportunity for patients and 
families to hear a donor family’s perspective and the power-
ful impact that transplantation has on both parties.
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While these in-person connections are immensely valu-
able, they can also be inconvenient for some patients due to 
geographic proximity, space, time, and patient mobility [18, 
19]. Furthermore, individual and group dynamics may 
impact a person’s willingness to contribute his or her own 
experiences due to concerns around privacy, confidentiality, 
and fear of embarrassment [18, 19]. The Internet offers indi-
viduals additional opportunities to communicate with one 
another anytime and remain anonymous in doing so, if pre-
ferred [18]. It allows patients and caregivers the opportunity 
to connect with a wide array of individuals with shared 
health interests worldwide [20], such as organ-specific 
transplantation.

Transplant recipients are now able to access organ-spe-
cific social media sites to broaden their support network [18]. 
Grumme and Gordon described that transplant recipients 
found a sanctuary in an international transplant community 
support group online, where recipients were able to share 
their unique feelings and experiences post-transplant in a 
safe environment [18]. Transplant recipients’ postings reveal 
a willingness to share experiences and a sense of community 
for members to support each other.

Online resources might also be especially useful for 
younger transplant patients. For example, a pilot study on an 
innovative Internet program Teens Taking Charge: Managing 
My Transplant Online provided teens with solid organ trans-
plants with relevant transplant information, self-management 
and transition skills, as well as opportunities for peer support 
[21]. Initial findings found positive regard and engagement 
from teens, with more interventions and studies planned by 
the research group [21]. Social workers can recognize such 
opportunities for their patient populations, bringing a variety 
of adapted interventions to clinics.

 Caregivers

It is widely known that the availability of one or more dedi-
cated caregivers is a fundamental aspect of a patient’s post-
transplant success [22–24]. Caregivers have multifaceted 
roles throughout the pre-, peri-, and postoperative phases of 
transplant. Pre-transplant, caregivers are often required to 
accompany patients to medical appointments, including the 
pre-transplant evaluation [25]. During the perioperative 
phase, caregivers await surgery updates, provide bedside 
support, and consult with providers for medical decision-
making [25]. Post-transplant, caregivers participate in bed-
side discharge teaching, assist in managing a complex 
medication regimen, provide transportation and accompany 
patients to follow-up appointments, assist with practical 
needs (e.g., meal preparation, refilling prescriptions, clean-
ing, laundry), provide emotional support, and potentially 
relocate, if indicated.

While caregiver requirements vary across transplant cen-
ters and organ groups, reviewing programmatic expectations 
in detail with patients and identified caregivers is essential 
during the psychosocial evaluation. Social workers at 
Stanford Health Care provide psychoeducation about the 
program’s caregiver requirements and assess identified care-
givers’ ability to serve in that capacity. Caregivers should not 
only be available but fully functional and able to assist with 
a myriad of tasks post-transplant. They must be well known 
to transplant candidates and demonstrate full commitment to 
patients’ post-transplant recovery. In addition, caregivers 
must be able to drive and have access to reliable transporta-
tion to accompany patients to their outpatient visits. 
Furthermore, the caregivers’ physical or mental health con-
ditions should not interfere with their ability to provide care 
for patients post-transplant. Alcohol, tobacco, and substance 
use disorders are also important considerations to assess in 
potential caregivers as these may impact their ability to 
effectively serve in that capacity. Identified caregivers must 
be able to take leave from work and/or other household 
responsibilities for the time required to serve in this role. The 
financial implications of taking leave from work are impor-
tant to consider in assessing caregivers’ ability to commit to 
the role. While caregivers may be eligible for unpaid job pro-
tection of up to 12  weeks annually under the Family and 
Medical Leave Act [26], some states, albeit quite limited, 
offer paid family leave programs, which can help alleviate 
the financial burden of caring for a loved one. Social workers 
can assist in determining if a caregiver meets criteria for a 
state paid family leave program. They can also help facilitate 
coordination of leave forms and documentation needed to 
support the caregiver’s efforts to take an extended leave from 
their job.

Caring for patients with chronic illnesses is stressful and 
taxing [27]. Vitaliano et  al. found that caregivers reported 
higher levels of somatic complaints and affective distress 
than non-caregivers [28]. Multiple studies have indicated 
that distressed caregivers often report feeling resentful, 
depressed, anxious, overwhelmed, and exhausted [29–31]. 
Caregivers often prioritize patient needs before their own 
during the pre-, peri-, and post-transplant periods [25]. 
Parekh et al. found that caregivers were more susceptible to 
burnout and experienced higher levels of burden when their 
own needs were disregarded [32]. Relationships between 
patients and caregivers often evolve during the transplant 
process with changing roles and responsibilities that can 
strain the relationship. Ongoing assessment of caregiver sup-
port is needed to bolster such strained relationships [33]. 
How caregivers cope with stress has implications for their 
own mental and physical health and impacts their ability to 
effectively meet the caregiver responsibilities [25]. Mollberg 
et al. suggested that caregivers may impact recipients’ long-
term outcomes by affecting adherence to the daily post-
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transplant treatment regimen [34]. With this in mind, it is 
essential that caregivers are well supported throughout the 
transplant process.

Early detection of caregiver distress and adjustment chal-
lenges affords social work clinicians a critical opportunity to 
provide additional support and referrals to mental health ser-
vices [25], as indicated. Goetzinger et al. further emphasize 
the importance of a secondary caregiver plan, which offers 
the primary caregiver relief and respite to attend to their own 
needs [25]. Social workers can provide psychoeducation 
regarding the importance of developing a secondary care-
giver plan prior to listing for transplant. Social workers can 
further assist distressed caregivers in developing more adap-
tive coping mechanisms, which can promote self-efficacy, 
confidence, and personal control [25].

 Conclusions
In conclusion, social workers are essential members of 
the multidisciplinary transplantation teams. Social work-
ers serve a critical role providing valuable assessment, 
psychoeducation, treatment strategies, and interventions 
aimed at optimizing a patient’s candidacy pre-transplant 
and optimizing outcomes post-transplant. Although the 
primary focus is often directed toward the patient, sup-
porting the caregivers during this complex process is par-
amount to the success and well-being of the patient/
caregiver system. More research is needed on behalf and 
by transplant social workers regarding a variety of multi-
modal interventions to further advance transplant social 
work practice and support patients and caregivers in hav-
ing a successful transplant journey.
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Substance Use Disorders in Transplant 
Patients

Marian Fireman

 Introduction

Evaluation of transplant candidates focuses on those who are 
most ill and those who will benefit the most from transplant. 
Selection of candidates seeks to identify those patients who 
will care for the transplanted organ, including not using sub-
stances that may negatively impact patient and graft survival. 
It is hoped that careful and appropriate selection of trans-
plant candidates will lead to good post-transplant outcomes 
and long survival post-transplant.

Alcohol, tobacco, and other substance use disorders are 
common in the general population in the United States and 
globally. The lifetime prevalence of alcohol use disorders 
(AUDs) in the United States is approximately 29% [1]. 
Tobacco use has been declining in the United States. Current 
estimated lifetime prevalence of tobacco use disorders is 
20–25%; it is estimated that approximately 15% of the gen-
eral population are current smokers [2]. Substance use disor-
ders (SUDs), excluding alcohol and tobacco, are also 
common; nearly 4% currently meet criteria for SUDs and 
lifetime prevalence of SUDs in the United States is nearly 
10% [3]. Many more individuals use a variety of substances 
recreationally, but may not actually meet criteria for a disor-
der. Alcohol, tobacco, and drug use disorders are difficult to 
treat, relapse rates are high, and at any one time, only approx-
imately 10% of those in need of treatment are actually receiv-
ing such treatment. Medical complications of these disorders 
cause significant morbidity and mortality. Currently, in the 
United States, alcohol, tobacco, illicit drug, and prescription 
drug use are identified as the primary factors in one out of 
every four deaths [4]. Alcohol, tobacco, and other drugs 
cause a wide range of health consequences, both those 
directly related to the drug use and indirect effects related to 
the method of use. Such problems include cardiovascular 

disease, malignancy, hepatitis, HIV-related illness, and other 
infectious complications. These substances may have adverse 
effects on virtually every organ system. It is estimated that 
these substances cost the United States more than $740 bil-
lion yearly for health care, crime, and lost productivity [4]. 
Smoking decreases life expectancy by approximately 
14 years, and excessive alcohol use decreases life expectancy 
by at least 10–12 years. Drug overdose deaths have skyrock-
eted and now are the leading cause of death of Americans 
under 50  years of age [5]. The medical complications of 
these disorders may cause and often do contribute to end-
stage organ disease. Not unexpectedly, a large percentage of 
patients with end-stage organ disease will have a current or 
past history of alcohol, tobacco, and/or other substance use 
[6]. These findings are summarized in Fig. 45.1.

 Concerns in Transplant

Addiction is a chronic illness with remissions and relapses. 
The etiology of addiction is complex with the illness disrupt-
ing the functioning of the brain and the ability of the indi-
vidual to modulate and control social, emotional, and 
cognitive behavior. Relapse is a major concern when evaluat-
ing transplant candidates as recurrent use of alcohol, tobacco, 
and other substances may result in direct or indirect damage 
to the transplanted organ, rejection of the graft, and medical 
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Addiction Diagnoses and End-Stage Organ Disease

• Heart transplant candidates

    • ~30% alcohol use disorders

    • ~90% tobacco use disorder

• Lung transplant candidates

    • ~70% tobacco use disorder

• Liver transplant candidates

   • 25-75% alcohol use disorders

   • ~25% other substance use disorders

Fig. 45.1 Addiction diagnoses and end-stage organ disease
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complications that are a direct result of the substance use, 
poor adherence, and difficult management issues for the 
transplant team. A large percentage of transplant candidates 
do have a history of alcohol, tobacco, and substance use dis-
order, and many may be only recently abstinent from these 
substances. As a result, much attention has been paid to risk 
of relapse in this group. Early identification of individuals 
with a history of alcohol, tobacco, and other SUDs is impor-
tant as some of these individuals may benefit from assess-
ment and ongoing treatment of these disorders. Appropriate 
treatment addressing the alcohol, tobacco, or other SUD may 
enhance adherence with care and transplant outcomes. In 
addition, is it important to identify individuals who may not 
be transplant candidates. These individuals may include 
those who are unable to stop alcohol or other substance use 
and individuals who are not able to be adequately adherent 
with medications and medical care [7].

 Alcohol

Many studies address the issue of whether patients with alco-
hol use disorders (AUDs) should be transplanted and the risk 
of post-transplant alcohol use in these individuals. Despite a 
large number of studies, the risk of post-transplant alcohol 
relapse and the question as to whether relapse impacts trans-
plant outcomes remains controversial. Unfortunately, despite 
the fact that this issue has been studied by many authors for 
over 25 years, there are no standard guidelines or even a con-
sensus among centers with regard to a standardized approach 
to the evaluation of transplant candidates who consume alco-
hol. The issue is mainly addressed in the liver transplant lit-
erature. There are few studies related to other solid organ 
transplants. A number of factors may account for the wide 
variety of approaches seen at different transplant centers. 
Differences in resources, program size, availability of addic-
tion experts with knowledge of organ transplant, and differ-
ent approaches to the selection process are among the factors 
that have been proposed [8].

Starzl [9] described liver transplant as the “ultimate 
sobering experience” based on an early study in which only 
2 of 35 patients who survived greater than 2 months post- 
transplant relapsed to the use of alcohol. Kumar [10], Bird 
[11], and Osorio [12] noted in several small studies that 
patients with a minimum of 6 months abstinence from alco-
hol prior to transplant had lower relapse rates and proposed 
a required period of 6 months of abstinence prior to liver 
transplantation. These studies were followed by many other 
studies describing relapse rates varying from approxi-
mately 5% to greater than 90%. Unfortunately, these stud-
ies were largely retrospective and used differing definitions 
of relapse, different periods of follow-up, and various 
patient populations [13]. When a definition of “any use” of 

alcohol is used, greater than 70% of patients are noted to 
use alcohol when assessed at 10–13 years post-transplant. 
“Heavy use” is often defined as more than 2 standard drinks 
per day, 14 drinks per week, or 4 drinks per occasion. 
Ongoing “heavy” drinking would seem to be a more appro-
priate definition of relapse. When relapse is defined as 
“heavy drinking,” approximately 20–40% of patients are 
noted to have relapsed when assessed at 10  years post-
transplant. Approximately half of those patients (10–20%) 
have returned to continuous heavy drinking [13]. A pro-
vocative paper by Pageaux questions whether alcohol 
relapse post-transplant impacts patient or graft survival 
[14]. A number of studies have shown both good patient 
and graft survival post-transplant in patients who have 
relapsed and returned to heavy drinking. However, compli-
cations of heavy alcohol use include nonadherence, rejec-
tion, and increased rates of steatohepatitis. A number of 
deaths have been noted in these patients; however, overall 
patient survival is comparable or even better than those 
transplanted for other diseases [6, 15–17]. It has been noted 
that patients who do relapse to the use of alcohol have 
increased mortality from cardiovascular disease and de 
novo neoplasms. It has been proposed that this observation 
is likely due to concurrent relapse to tobacco use in these 
individuals. Thus, cessation of smoking should be an 
important goal for all transplant patients [15, 18–23].

Many risk factors for relapse to alcohol use post- transplant 
have been proposed and studied. These are summarized in 
Fig. 45.2. Many studies have assessed a variety of the pro-
posed relapse risk factors and noted conflicting results. This 
is likely because of the retrospective nature of most studies, 
differing selection criteria for transplant, different definitions 
of relapse, and different patient populations. Most studies 
assess a variety of clinical and demographic variables. The 
most consistent predictors of alcohol relapse have been a 
diagnosis of AUD, comorbid psychiatric diagnoses, co- 
occurring other SUDs, poor social support, positive family 
history of AUD, and ongoing tobacco use. Severity of AUD, 
insight, motivation for sobriety, willingness to accept treat-
ment, and cognitive impairment have also been associated 
with increased risk for relapse [6, 13, 15, 18, 19, 24–31]. A 
few studies have evaluated the efficacy of substance abuse 
treatment in the pre-transplant period [32, 33]. One study 
found fewer relapses in those patients who had ongoing 
treatment both pre- and post-transplant [34].

Many studies have focused on length of pre-transplant 
sobriety as the most important predictor of post-transplant 
abstinence. However, data in support of the so-called 
6-month rule is weak, and the rule has increasingly been 
questioned as being arbitrary. A minimum of 6  months of 
sobriety prior to transplant was supported by some studies 
and refuted by others [13, 30, 35, 36]. DiMartini et al. in a 
prospective study noted that patients with shorter lengths of 
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sobriety prior to transplant were at higher relapse risk, but 
there was no minimum length of sobriety that accurately pre-
dicted post-transplant abstinence [37]. Although data sup-
porting the “6-month rule” remains inconclusive at best and 
is not a requirement recommended by UNOS, many pro-
grams still use this guideline. One group of patients thought 
to have increased rates of alcohol relapse and a poorer post- 
transplant prognosis are those who have a history of abusing 
multiple substances. It is thought that these patients differ in 
a number of ways from those with primary alcohol use disor-
ders. These patients with polysubstance use often have a his-
tory of childhood abuse, alcohol and drug use in childhood 
or early adolescence, and comorbid personality disorders 
[8]. Proposed positive and negative prognostic factors are 
summarized in Fig. 45.3.

Beresford [38] proposed a careful evaluation of multiple 
factors in assessing risks of relapse. In this paper, he pro-
posed applying the prognostic factors identified in Valliant’s 
landmark studies on alcoholism. More recently, Beresford 
and Lucey have proposed a standardized approach of the 
evaluation of these patients. They state that a proper evalua-
tion of the patient should include the following six factors. 
These are (1) clinical history, (2) cognitive assessment, (3) 
diagnostic assessment with regard to presence of alcohol 
and/or substance use disorder, (4) acceptance of the diagno-
sis of alcohol/substance use disorder, (5) evaluation of social 
stability, and (6) application of Valliant’s factors that predict 
abstinence [8]. Valliant proposed four factors that were posi-
tive predictors of long-term sobriety. These included substi-
tute activities that filled time previously spent drinking, 

Proposed Risk Factors for Alcohol and Substance 
Use Post-Transplant

• Younger age

• Male gender

• Shorter length of pre-transplant 

  abstinence

• Polysubstance use

• Failed prior addiction treatment

• Lack of engagement in addiction 

   treatment

• Lack of substitute activities

• Unstable home

• Lack of stable job

• Criminal activity

• Family history of addictive disease

• Noncompliance with medical treatment

• Cognitive impairment

• Higher quantity and/or frequency of use

• Longer duration of use

• Ongoing use despite severe medical 

   and/or psychosocial consequences

• Co-morbid psychiatric illness

• Co-morbid personality disorder

• Tobacco use

• Denial of addiction diagnosis

• Continued association with people/places/things 

  associated with substance use

• Lack of social support for sobriety

• Worse medical prognosis

• Earlier onset of substance use disorder

• Childhood abuse

Fig. 45.2 Proposed risk 
factors for alcohol and 
substance use post-transplant

Abstinence Prognostic Factors in Patients 
Diagnosed with Alcohol/Substance Use Disorders

Positive Factors Negative Factors

• Activities to replace substance use

• Sources of hope/self-esteem

• Negative reinforcement for use

• Acceptance of diagnosis and 

  treatment recommendations

• Relationships that promote sobriety

• Lack of co-morbid mental health or 

   personality disorder

• Strong social support system

• Poor social support system

• Lack of substitute activities and/or 

  ongoing associations with activities 

  associated with substance use

• Criminal activity

• Personality disorder

• Poor compliance

• Worse medical prognosis

• Polysubstance use

Fig. 45.3 Abstinence 
prognostic factors in patients 
diagnosed with alcohol/
substance use disorders
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relationships that supported ongoing sobriety, negative rein-
forcement for drinking behaviors, and sources that provided 
the person hope and improved self-esteem [8, 40]. Other 
authors and clinicians propose a thorough assessment of the 
patient, including a complete medical, psychiatric, psycho-
social, and drug and alcohol history. In addition, a social sup-
port person who knows the patient well should be interviewed 
independently, if possible, to verify the history. All available 
records should be reviewed to corroborate the history, and 
random screening for use of alcohol and other drugs should 
be conducted. Assessment with regard to whether the patient 
is merely “abstinent” or truly “sober” should also be con-
ducted. Abstinence is merely not using alcohol or other sub-
stances, while sobriety refers to engaging in a lifestyle that 
supports ongoing abstinence. Evidence of true sobriety could 
include structured time in productive activities; relationships 
that promote sobriety; avoidance of people, places, and 
things that might trigger relapse; and a comprehensive 
relapse prevention plan [39].

One of the emerging controversial topics is transplanta-
tion of patients with severe alcohol hepatitis who do not have 
time to establish long-term abstinence. Mortality among 
patients presenting with severe alcoholic hepatitis is high, 
and for those patients who are not responsive to medical 
management, proceeding to early liver transplantation is the 
only alternative treatment option. Mathurin et  al. [41] first 
reported that early liver transplantation in this patient popu-
lation improved survival and that carefully selected patients 
had low rates of relapse to the use of alcohol. Patients 
selected for early transplant were screened carefully and 
none had any psychiatric comorbidity. All had strong social 
support and committed to lifetime abstinence. On the basis 
of early studies, it is argued that early liver transplantation 
should be utilized in carefully selected individuals with 
refractory severe acute alcoholic hepatitis [42, 43]. Although 
relapse rates were low in this and similar studies, particularly 
compared to a non-transplant population, they are still in the 
10–20% range at an average follow-up of just 2 years [44–
49]. Further prospective studies of this patient population are 
needed, including the long-term relapse rates and effects on 
graft and patient survival. Factors, such as insight into their 
alcohol use disorder, influencing patients’ risk of relapse, 
also need to be further elucidated. Consideration should also 
be given to methods to enhance supporting the sobriety of 
these patients post-transplant.

While most studies of post-transplant relapse are in liver 
transplant patients, several studies have addressed this issue 
in heart, kidney, and lung transplantation [6]. Approximately 
80% of lung transplant patients in a US study endorsed low 
to moderate alcohol use pre-transplant. After transplant 
about 40% used alcohol, all at low or moderate levels [50]. 
Several studies have addressed this issue in kidney transplant 
patients. Use of alcohol, tobacco, or illicit drugs predicted a 

small but significant risk of graft loss in a US study; unfortu-
nately, the study analyzed a large database which did not dif-
ferentiate patients with alcohol use only from those with use 
of more than one substance [51]. Another study analyzed the 
association between a pre-transplant diagnosis of alcohol 
dependence and increased risk of graft loss as well as post- 
transplant mortality [52]. Several European studies noted 
that >50% of post-renal transplant patients used alcohol, but 
heavy alcohol use was rare [53, 54]. There are several small 
studies of heart transplant patients. These studies noted that 
pre-transplant substance use was associated with post- 
transplant nonadherence but had no effect on patient survival 
[55, 56].

Patients with alcohol use disorders can be successfully 
transplanted, and survival in this patient population is com-
parable to patients without alcohol use disorders. Patients 
with alcohol-related liver disease who undergo liver trans-
plant have superior survival rates to other liver transplant 
patients, likely because the disease will not recur in the 
absence of alcohol relapse. Up to 40–50% of patients do 
relapse with 10–20% drinking at very harmful levels. 
Outcomes in these patients are still good; however, a small 
percentage do have complications including steatohepatitis 
in liver transplant recipients, nonadherence with medica-
tions, rejection, graft loss, and death. All patients presenting 
for organ transplant with alcohol use disorders need careful 
evaluation, but multiple studies report successful transplan-
tation, excellent survival, and excellent outcomes in these 
patients. Relapse to ongoing heavy use of alcohol occurs at 
low rates but can lead to significant morbidity and mortality. 
Patients should be carefully assessed by the transplant team, 
and early interventions to treat the disorder are highly rec-
ommended. Many patients will need ongoing supports for 
sobriety both pre- and post-transplant. The issue of which 
“risk factors for relapse” are most important remains contro-
versial and consensus is lacking. The most prudent approach 
may be the thorough evaluation of multiple factors in the 
context of a comprehensive clinical assessment.

 Marijuana

Marijuana use among transplant candidates and recipients 
remains quite controversial. Currently marijuana is legal for 
recreational use in nine states and Washington, D.C.  It is 
legal for medical use in 29 states [57]. Approximately 60% 
of the US population lives in a state where marijuana is legal 
in some form, making it likely that patients will have a cur-
rent or past history of marijuana use. There is no consensus 
among transplant centers regarding whether marijuana use in 
transplant candidates is acceptable or not; some centers have 
excluded patients who use cannabis, while other centers rou-
tinely accept these patients as transplant candidates [58–60]. 

M. Fireman



497

Public opinion in general supports allowing cannabis users 
to receive organ transplants [61, 62]. As of the writing of this 
chapter, eight states have passed legislation stating that 
patients cannot be denied transplant solely on the basis of 
marijuana use.

Medical concerns about marijuana use have included 
potential respiratory, cardiovascular, gastrointestinal, cogni-
tive, and infectious complications. In addition, risk for 
malignancy may be increased and there is increasing evi-
dence of marijuana-drug interactions [63–67]. Several case 
reports have highlighted infectious concerns regarding com-
plications of marijuana use, such as disseminated aspergil-
losis and lupoid pneumonias [63, 68–70].

There has been at least one published case of tacrolimus 
toxicity caused by suspected cannabinoid inhibition of 
CYP3A4 and P-glycoprotein [71]. Several other studies of 
renal and liver transplant recipients did not show worse out-
comes among marijuana users [72–74]. Virtually all the case 
reports and studies to date have addressed smoking of mari-
juana, while little is known about use of cannabis in other 
forms.

Patients may use marijuana or other cannabis products to 
treat medical conditions. Others may be occasional recre-
ational users, while some have diagnosable cannabis use dis-
orders and some are self-medicating a variety of psychiatric 
conditions. The last two categories are concerning for 
adverse outcomes. In these cases, patients should be referred 
for appropriate addiction and/or psychiatric evaluation, and 
any necessary treatment before the patient is considered an 
acceptable transplant candidate. Inhalation of products of 
combustion is associated with negative consequences, and 
thus benefits of smoked cannabis are likely outweighed by 
the negative effects.

In summary, risks associated with occasional marijuana 
use in transplant patients are low, but not completely known 
and not insignificant. Risk in those with marijuana use disor-
der is likely higher, but has not been systematically studied. 
It is recommended that marijuana use be considered as a risk 
factor, but not an absolute contraindication to transplant, and 
both patients and staff be educated regarding the risks and 
benefits of marijuana use in this population [58, 63, 69, 72].

 Methadone and Buprenorphine

Methadone and buprenorphine are highly effective therapies 
for opioid use disorders. Many patients with histories of opi-
oid use disorders are able to maintain abstinence and improve 
psychosocial functioning in the community with opioid sub-
stitution therapies. It is well-documented that a high percent-
age of patients on opioid substitution therapies relapse when 
methadone is tapered [75, 76]. Less is known about relapse 
after buprenorphine taper. The issue of whether to accept 

methadone and buprenorphine maintained individuals for 
organ transplantation remains controversial. Many centers 
have had a policy that these patients need to be tapered off 
methadone in order to be transplant candidates, a practice 
that unfortunately may actually cause relapse. There are four 
published reports regarding the use of methadone in organ 
transplantation; all studies were in liver transplant recipients. 
All four studies were limited by small sample sizes, but all 
noted that patient and graft survival were similar in metha-
done maintenance therapy (MMT) patients and the general 
transplant population [77–80]. It has been proposed [81] that 
MMT patients should not be automatically denied transplan-
tation and should not be tapered off methadone prior to trans-
plant. These patients should be comprehensively evaluated 
on an individual basis, applying similar criteria as used in 
other patients. Post-transplant, MMT patients should con-
tinue to receive a stable methadone dose; in addition, ade-
quate medication for pain control should be prescribed. 
Short-acting opioids should be tapered as quickly as possible 
[81]. Although there are no studies of treatment of transplant 
patients with buprenorphine, Aldemir [82] reported two 
cases of successful post-transplant treatment of opioid- 
dependent patients with buprenorphine/naloxone. It is rec-
ommended that the approach to patients receiving 
buprenorphine or buprenorphine/naloxone be similar to 
those on MMT.  Buprenorphine may be a safer long-term 
option in this patient population, as it has fewer potential 
drug-drug interactions with immunosuppressant and other 
post-transplant medications [83].

 Tobacco

Smoking is recognized as a leading cause of morbidity and 
mortality in the general population. Smoking is a risk factor 
for a wide range of diseases including cardiovascular dis-
ease, respiratory illness, stroke, and malignancy. Smoking is 
also known to impair wound healing, increase risk for infec-
tion, accelerate the development of renal disease, and 
increase postsurgical complications. Post-transplant compli-
cations associated with smoking include increased vascular 
complications, increased graft loss, and increased all-cause 
mortality.

Although many smokers do successfully stop smoking 
prior to transplant, post-transplant relapse to use of tobacco 
is estimated to be at least 20% or higher [20]. For example, 
among LT recipients, up to 60% have lifetime history of 
tobacco use, 15% continue to smoke following their trans-
plantation, and nearly 58% of those requiring transplantation 
for ALD return to smoking following a transplant [22, 84].

A number of studies have addressed the issue of compli-
cations related to post-transplant tobacco smoking. Post- 
transplant smoking has been linked with decreased 
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post-transplant survival, renal dysfunction, and malignancy 
in heart transplant recipients [20]. In a study of heart trans-
plant recipients followed for 13 years, 27% of patients tested 
positive for cotinine at least once during the follow-up and 
15% tested positive on more than one occasion. Patients with 
post- transplant smoking had increased death from malig-
nancy and graft coronary artery disease with median survival 
decreased from 16.3 to 11.9 years [85]. Of note, in a different 
study, heart transplant patients who were abstinent from 
tobacco for greater than 1 year prior to transplant had lower 
risk of tobacco relapse as compared to those who were absti-
nent for less than 1 year (8.4% versus 40%, P = 0.006) [86].

Decreased survival and chronic kidney disease have been 
observed in lung transplant recipients [87]. Lung transplant 
recipients who resumed tobacco after transplant have been 
reported to have increased rate of oncologic events, includ-
ing lung cancer [88]. In a study of 276 lung transplant recipi-
ents, 11% self-reported smoking resumption post-transplant. 
Higher rates of post-transplant smoking at 23% were noted 
in patients with emphysema due to chronic obstructive pul-
monary disease (COPD). Risk factors for tobacco resump-
tion included shorter cessation period prior to transplantation, 
lower socioeconomic status, exposure to second-hand 
smoke, emphysema, and death of a spouse [89].

Rates of smoking in kidney transplant candidates range 
between 24% and 33%, while up to 90% of smokers con-
tinue to smoke postoperatively [20]. Smoking in renal trans-
plant recipients is linked with graft loss, graft non-function, 
decreased survival, and malignancy [90, 91].

Smoking in liver transplant recipients is linked with 
decreased survival, vascular complications (including 
hepatic artery thrombosis), and biliary complications [18, 
20–22, 92]. For example, in a single-center retrospective 
study of 1275 LT recipients, 22% were active smokers, 25% 
were previous smokers, and 53% were non-smokers at the 
time of LT listing. While 70% of previous and non-smokers 
survived at 10  years, only 55% of current smokers did so 
(P < 0.01) [93].

Tobacco use at the time of listing can also be associated 
with worse post-transplant outcomes. In one study of 316 
patients newly listed for heart transplant at 17 hospitals, at 
5-year follow-up, 14% of never-smoking patients died as 
compared to 18% of former smokers versus 42% of those 
who smoked at the time of wait listing. This mortality was 
also dependent on the amount of time that had passed since 
quit date: the longer patients were abstinent from tobacco 
use at the time of listing, the better was their survival post- 
transplant [94].

Late complications of smoking post-transplant include 
cardiovascular disease and malignancy. One study noted the 
absence of early complications in liver transplant that were 
attributable to tobacco use. The authors suggested that late 
complications were likely similar to the negative health 

effects of smoking in general, rather than a specific trans-
plant complication related to tobacco use [95].

On the basis of the available studies, there is compelling 
evidence that post-transplant smoking results in poorer medi-
cal outcomes, increased graft loss, and decreased survival. 
Most transplant programs currently encourage smokers to 
cease tobacco use prior to consideration for transplantation, 
but there is considerable variation from organ to organ and 
program to program regarding this requirement. In general, 
lung transplant programs view smoking as an absolute con-
traindication and most heart transplant programs require 
smoking cessation. In fact, the International Society for Heart 
and Lung Transplantation (ISHLT), in their heart transplant 
listing guidelines, stated that “It is reasonable to consider 
active tobacco smoking as a relative contraindication to trans-
plantation. Active tobacco smoking during the previous 6 
months is a risk factor for poor outcomes after transplanta-
tion” [96]. They also stated that active substance abuse, 
including tobacco, should be an absolute contraindication 
against listing on the lung transplant waitlist [97]. An increas-
ing number of liver and renal transplant programs now require 
smoking cessation prior to transplant listing. It is recom-
mended patients with a history of tobacco use be offered 
counseling as well as medications for both smoking cessation 
and relapse prevention pre- and post-transplant [20].

One interesting topic is how tobacco use in organ donors 
influences transplant outcomes. In fact, several studies have 
looked at solid organ transplant outcomes with transplanted 
organs from donors with a smoking history. Recipients of 
hearts, lungs, and kidneys from donors with tobacco use his-
tories tended to have decreased survival and increased mor-
bidity [20, 98, 99]. In particular, lung transplant recipients 
receiving organs from donors who smoked have decreased 
rates of survival at 3  years post-transplant [20]. Similarly, 
one study of liver transplant recipients who received organs 
from donors that smoked shows an increased risk of death 
[100]. It is important to note that these results were not rep-
licated in all studies and that declining these organs would 
likely result in patients dying on the waiting list [20].

 Opioids

Opioid addiction is a serious global health problem, and mis-
use of prescription opioids in the United States has reached 
epidemic proportions [101]. Despite this, the issue of addic-
tion to prescription opioids has received little attention in the 
transplant literature, and few studies have been published to 
date. The published studies address chronic prescription opi-
oid use, but not opioid use disorders per se. In these studies, 
it is noted that those patients with the highest levels of pre-
scription opioid use prior to transplant had increased 
 post- transplant death and graft loss [102, 103]. Post-renal 
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transplant patients with the highest levels of opioid use [102] 
had increased risk of ventricular arrhythmias, alcohol and 
other substance use, mental status changes, and accidents 
following transplant. Although, these patients were not diag-
nosed with opioid use disorders, the authors concluded that 
high levels of pre-transplant opioid use did predict an 
increased risk of post-renal transplant complications. A simi-
lar study of liver transplant recipients showed decreased sur-
vival and increased graft loss in patients receiving high levels 
of opioids while on the transplant waiting list and during the 
first year post-transplant [103]. Patients with pre-transplant 
chronic prescription opioid use should be evaluated carefully 
for the presence of an opioid use disorder. Patients with opi-
oid use disorders should be referred for substance abuse 
treatment and consideration should be given to use of opioid 
maintenance therapies in these patients. Post-transplant, opi-
oids for pain control should be used appropriately but chronic 
opioid use for nonmalignant pain should be avoided in all 
patients.

 Other Drugs

The topic of other illicit drug use is often discussed by trans-
plant professionals, but there are few published studies. It is 
accepted that patients with active injection drug use should 
not be transplanted, and a period of abstinence as well as 
substance abuse treatment is highly recommended. Few 
studies have addressed substance use other than alcohol, 
tobacco, marijuana, and methadone maintenance therapy, 
and a majority of studies address liver transplantation. A 
meta-analysis by Dew et  al. showed low relapse to illicit 
drug use following liver transplantation [13]. Confounding 
factors that may have influenced these results include small 
sample sizes, limited studies mainly in liver recipients, varia-
tions in selection criteria, unclear definitions of substance 
use disorders, and differing definitions and methodologies of 
detecting relapse. It is thought that patients with pre- 
transplant SUDs are more likely to relapse post-transplant 
and have issues with nonadherence and poorer post- transplant 
outcomes, but systematic studies are lacking [6, 13, 19, 
104–106].

Most studies in this patient population address “polysub-
stance use” rather than evaluating relapse to individual sub-
stances. One study showed that 17% of patients relapsed to 
polysubstance use after transplant. In this study pre- 
transplant, substance use disorder was the only factor that 
predicted relapse [107]. Another study showed a relapse rate 
of 27% and did not find any predictive factors or effect on 
post-transplant outcomes [108]. These studies are limited by 
small numbers, differing patient populations, differing defi-
nitions of relapse, and use of the term “polysubstance use” 
rather than addressing individual use of substances. Outside 

of opioids, no studies of prescription drug misuse in organ 
transplant patients could be located in the literature. It is sug-
gested that use of benzodiazepines, barbiturates, and other 
sedative-hypnotics be minimized in this patient population 
because of the risks of cognitive impairment, respiratory 
depression, and adverse drug interactions.

 Evaluation of a Patient with a Substance Use 
Disorder and Treatment Interventions

Currently, there are no universally accepted national or inter-
national guidelines with regard to the approach to transplant 
patients with alcohol and other substance use disorders. The 
US Department of Health and Human Services’ Organ 
Procurement and Transplantation Network has published 
ethical guidelines for allocation of human organs for trans-
plant. These guidelines discuss in detail the principles of util-
ity, justice, and respect for persons in the determination of 
organ allocation. In doing so, the guidelines imply that past 
behaviors should not exclude a patient from consideration 
for transplant. The principle of utility discusses the need to 
maximize benefit and minimize harm in determining which 
patients receive organs. Social considerations should not be 
factors in organ allocation; rather medical conditions that 
predict poorer outcome should be weighted heavily. The 
principle of justice states that organs should be allocated to 
those with medical need who will benefit the most. Respect 
for persons implies that individuals’ autonomy is important 
and that patients have a choice with regard to accepting 
transplant or not. These principles also imply that all patients 
needing organs should be considered with equal respect and 
concern; recipients who will benefit from transplant and 
where there is a probability of a good outcome should receive 
priority and that extending life and relieving suffering should 
also be a guiding principle [109]. In applying these princi-
ples, patients with alcohol and other substance use disorders 
should be considered equally with other patients. Historically, 
these patients are known to be less likely to be referred for 
transplant and, if referred, may be referred when they are so 
ill that the likelihood of survival, even with transplant, is low.

The requirement for a minimum period of 6  months of 
abstinence prior to transplant (the “6-month rule”) has 
increasingly fallen out of favor as a guideline, and multiple 
studies have questioned its validity on its own as a predictor 
of future abstinence. Instead, most experts currently propose 
a thorough evaluation of multiple factors in evaluating risk 
for relapse post-transplant. All patients with alcohol or other 
substance use disorders should receive a thorough evaluation 
including complete clinical history, thorough review of 
records, corroborating history from a third-party “social sup-
port person” (family member, friend, care provider), and cog-
nitive assessment [8]. The clinical history should include a 
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very complete history of alcohol, tobacco, and other sub-
stance use. Each substance should be discussed separately 
and attention should be given to the age of onset, quantity 
used, frequency of use, consequence of use, length of time 
since last use, and reasons for discontinuing use. Episodes of 
past substance abuse treatment should be explored including 
the nature of such treatment, reasons for attending treatment, 
what was learned, and whether treatment resulted in a period 
of abstinence or sobriety. The patient should be questioned as 
to their understanding of the contribution of substance use to 
their medical illness, if applicable, and relapse risk factors 
should be investigated. The presence of comorbid mental 
health or personality disorders should be determined. The 
patient should be questioned regarding whether or not they 
accept that they have an alcohol or substance use disorder and 
whether they are willing to accept treatment for the disorder, 
if that is recommended. Commitment to future abstinence 
and willingness to engage in activities to support abstinence 
must be determined. A thorough psychosocial assessment is 
important in determining the social stability of the patient. 
Factors that predict future abstinence such as substitute activ-
ities, relationships that hinge on sobriety, negative conse-
quences for use, and sources of hope/self-esteem should be 
assessed. Ongoing random screening for alcohol tobacco, and 
other substance use should occur; the evaluators should be 
aware of the limitations and potential errors in such testing 
[110, 111]. Ongoing alcohol and/or other substance use, 
inability to commit to future abstinence, lack of insight and 
acceptance of the alcohol or substance use disorder diagnosis, 
lack of social stability, and multiple relapse risk factors are 
considered by many to be contraindications to transplant.

Patients with histories of alcohol and/or substance use dis-
orders with verified long periods of pre-transplant sobriety 
(i.e., 5 years or more) may be securely abstinent and at low 
risk for future relapse. However, many patients with up to 
2 years of pre-transplant sobriety may relapse post- transplant. 
Alcohol and substance abuse treatment should be recom-
mended for these patients and required for those assessed at 
high risk for relapse. Psychosocial interventions are effective 
for the general population with alcohol and substance use dis-
orders. Pharmacologic interventions may increase treatment 
success for those with alcohol, tobacco, and opioid use disor-
ders. Several studies have shown that addiction treatment in 
the pre-transplant period may reduce post-transplant relapse 
[32, 33]. Some patients may be too ill or cognitively impaired 
to comply with pre-transplant treatment; post-transplant 
treatment is recommended for these individuals. 
Unfortunately, many patients do not comply with recommen-
dations for ongoing post-transplant addiction treatment. 
Addolorato [33] noted that treatment provided by addiction 
specialists who were part of the transplant team yielded lower 
relapse rates and improved patient survival as compared to 
those patients receiving treatment in other settings.

Patients may relapse while on the transplant waiting list. 
Several studies have identified up to 20–25% of patients with 
alcohol relapse while on the waiting list [15, 112]. There is 
no consensus as to how to approach these patients. Some 
programs will permanently remove these patients from the 
transplant waiting list, and others will require addiction 
treatment, while other programs may increase monitoring.

In addition, in the United States, 3rd-party payors (i.e., 
insurance companies) may have additional requirements for 
organ transplant candidates. They may require a verified 
period of abstinence; documented negative drug, alcohol, 
and tobacco screens; or a period of addiction treatment that 
meets certain requirements.

The addiction specialist consulting to the transplant team 
has several important roles. In addition to comprehensive 
evaluation of the patient, they must advise the team objec-
tively regarding the evaluation and treatment recommenda-
tions. Explicit recommendations should be made with regard 
to addiction treatment including the recommended setting 
(residential, outpatient, etc.) and the type of treatment. 
Recommendations should be tailored to the specific patient. 
The consultant and the team must keep in mind that absti-
nence and sobriety are not the same and that sobriety is the 
goal of treatment. The patient may need education and may 
lack motivation for treatment; motivational interviewing 
may need to be a component of the recommendations. The 
patient’s adherence to recommendations must be monitored 
and clear expectations should be outlined. It is suggested that 
the patient be given a reasonable but not unlimited amount of 
time to comply with recommendations. Patients should have 
ongoing, random screening to document compliance with 
recommendations and ongoing abstinence. Early referrals to 
treatment are always recommended. Patients may be quite ill 
and the available time for treatment should be used wisely. 
Education of the transplant team is another important role of 
the consultant. The team must understand that addiction is a 
chronic illness with remissions and relapses and that absti-
nence and sobriety are not synonymous. In addition, length 
of sobriety prior to transplant on its own may not be helpful 
in predicting future abstinence. A thorough evaluation and 
accurate diagnosis is necessary and appropriate treatment 
may improve outcomes. Both the patient and the transplant 
team need support from the addictions consultant.

 Conclusions
Alcohol, tobacco, and substance use disorders are com-
mon in patients being evaluated for organ transplantation. 
Most studies of alcohol and other substance use disorders 
in  transplant patients have been in the liver transplant 
population. These studies indicate that carefully selected 
patients transplanted for ALD can do as well in terms of 
patient and graft survival as patients transplanted for other 
indications: however, patients can resume alcohol con-

M. Fireman



501

sumption and this can lead to heavy drinking. Relapse to 
use of tobacco is not uncommon and is associated with 
increased morbidity and mortality. Marijuana use in 
transplant patients should be evaluated on individual 
basis. Studies on other illicit substances are lacking in 
transplant populations. Multiple risk factors for relapse, 
graft loss, poor outcomes, decreased survival, and medi-
cal complications have been proposed, but there is still no 
consensus as to which factors are most important. The 
“6-month rule” for abstinence has been found to be arbi-
trary with multiple studies questioning its validity as a 
predictor of future abstinence. Instead, most experts cur-
rently propose a thorough evaluation of multiple factors 
in evaluating risk for relapse post-transplant. Transplant 
and addiction psychiatrists play an important role in 
patient evaluation and treatment pre- and post-transplant 
as well as transplant team education and support.
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 Introduction

Pediatrics is defined by the American Academy of Pediatrics 
as the “specialty of medical science concerned with the 
physical, mental, and social health of children from birth to 
young adulthood…that deals with biological, social, and 
environmental influences on the developing child and with 
the impact of disease and dysfunction on development. 
Children differ from adults anatomically, physiologically, 
immunologically, psychologically, developmentally, and 
metabolically [1].” It is for these reasons and then some that 
children are more than simply little adults. By encompassing 
a broad range of developmental stages, pediatric transplant 
presents unique complexities and specific considerations that 
warrant attention when caring for these patients.

Pediatric solid organ transplant (SOT) began in the early 
1950s with the first pediatric kidney transplant. Heart and 
liver transplants quickly followed in the 1960s [2]. The 
implementation of immunosuppressant medication in the 
1980s to delay organ rejection guaranteed SOT as the gold 
standard treatment for pediatric patients in organ failure. In 
1984, the United Network for Organ Sharing (UNOS) was 
created to oversee organ donation, procurement, and trans-
plantation across transplant centers and to collect data on 
patients and outcomes [3]. Based on Organ Procurement 
Transplant Network (OPTN) data as of December 2017, 
there have been a total of 51,078 pediatric SOTs since 1988. 

In 2016, 1878 of the transplants were in youths ranging from 
less than 1  year old to 17  years old. The largest group of 
pediatric recipients fell between the ages of 11 and 17. With 
advances in medical care, pediatric SOT patients today ben-
efit from better medical outcomes, but they also face distinct 
challenges as they navigate development with a transplant. 
Attention and support can be helpful both during the pre-
transplant period and following transplant.

Evaluation

Medical Aspects

The OPTN calls for pediatric and adult transplant teams to 
be good stewards of a valuable, limited resource. This obli-
gation is balanced with the need to best serve one’s patient. 
“Because donated organs are a severely limited resource the 
best potential recipients should be identified. The probability 
of a good outcome must be highly emphasized to achieve the 
maximum benefit for all transplants [4].” Therefore, a thor-
ough medical evaluation is necessary to determine the need 
for transplant as well as listing status, with each organ type 
weighing specific considerations.

For example, the timing of lung transplantation is influ-
enced most by the underlying allocation system. In 2005, the 
allocation of lungs in the United States was modified to 
apply to candidates over 12 years of age based on a combina-
tion of transplant benefit and medical urgency by means of a 
calculated score. All lung transplant candidates aged 12 years 
or older are listed on the Adult Lung Transplant Allocation 
List by means of a calculation, resulting in the lung alloca-
tion score (LAS) [5]. Each year, there are approximately 100 
times more adults than children undergoing lung transplanta-
tion. Thus, older children and adolescents “compete” with 
adults for organs. Once evaluated, perhaps the most difficult 
decision for pediatric lung transplant physicians is determin-
ing the appropriate time to accept organs that will best secure 
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a survival benefit. Donor availability is of issue, given size 
matching, as well as cultural issues, but the most difficult 
issue is predicting survival without transplant. Even in the 
case of cystic fibrosis (CF), for which the natural history of 
the disease process in children has been modeled [6, 7], 
many factors, including the improvement in care in recent 
years, have led to better quality of life (QOL) and survival to 
adulthood. Thus, the limited predictive data, variable course, 
and unique diagnoses lead most pediatric centers to carefully 
consider multiple factors, including waiting list survival esti-
mates, growth and nutrition status, frequency of hospitaliza-
tions, and potential for improvement in overall QOL before 
committing a child to lung transplant.

With regard to heart transplant, the United Network for 
Organ Sharing (UNOS)  developed a recipient priority sys-
tem for candidates awaiting a heart transplant. Similar to the 
listing practices for adult candidates, Status 1A individuals 
have top priority and will be offered the heart first. They are 
severely ill, not expected to survive more than a month, and 
in intensive care or on advanced life support. Status 1B indi-
viduals are the next priority and are receiving intravenous 
medication and/or mechanical assistance to make their hearts 
work, either in the hospital or in their home. They are 
expected to survive longer than a month. Status 2 individuals 
are usually not hospitalized and not receiving intravenous 
medication or mechanical assistance.

The criteria for pediatric kidney transplant candidates 
involve determining the estimated post-transplant survival 
(EPTS) score. This score reflects several factors including age, 
time on dialysis, diabetes status, previous organ transplants, 
and sensitization status. It is a percentage score indicating 
length of time one candidate will need a donated kidney as 
compared to other candidates. In the kidney allocation system 
(KAS), the EPTS is considered against the kidney donor pro-
file index (KDPI), a score describing the potential longevity of 
the donated kidney, in order to determine matches. Notably, 
pediatric patients are given priority in the KAS [8].

Alternatively, pediatric liver transplant candidates aged 
12 to 17 years are assigned a PELD (pediatric end-stage liver 
disease) or MELD (model for end-stage liver disease) score. 
Children younger than 12 years of age are assigned a PELD 
score. The PELD is a disease severity scoring system for 
children, designed to improve the organ allocation in trans-
plantation based on the severity of liver disease rather than 
time on the waiting list. The MELD/PELD ranges from 6 
(less ill) to 40 (gravely ill). The urgency of liver transplanta-
tion for pediatric acute liver failure (ALF) is typically not 
reflected by their PELD/MELD score. Patients with ALF and 
in need of liver transplantation are given priority over those 
listed with a PELD/MELD score and are listed as Status 1A 
or 1B. Transplant rates were highest in 2014–2015 for candi-
dates with MELD/PELD 35 or higher, compared to those 
with MELD/PELD less than 15 [9].

 Psychosocial Aspects

The OPTN bylaws mention that a psychosocial evaluation for 
transplant candidacy should occur to identify good candidates. 
Just as is true for adult transplant, however, no specific require-
ments are provided with regard to what is to be included in the 
psychosocial evaluation, and OPTN encourages transplant cen-
ters to develop their own guidelines, examining each candidate 
individually [4]. The works of Annuziato and Lefkowitz have 
provided general guidelines that allow teams to utilize the psy-
chosocial evaluation to identify both risk and protective factors 
present for the family. These works also advocate for the evalu-
ation to include recommendations for mental health interven-
tions that would address and hopefully mitigate the identified 
risk factors, which may result in medical morbidity or in some 
cases mortality [10, 11]. Specific risk or protective factors that 
are to be assessed often vary between transplant centers, as 
only suggestions or guidelines exist. Annuziato and colleagues 
reviewed the adult transplant literature and proposed that psy-
chosocial evaluations should include the following content 
areas for children and adolescents: comprehension, expecta-
tions and outlook, mental health screening, cognitive assess-
ment, family functioning, social support, and behavioral health. 
Similarly, recommended domains of assessment in Lefkowitz 
and colleagues’ review include adherence, patient psychologi-
cal and cognitive functioning, and family functioning.

Given that family issues are often out of the pediatric patient’s 
control, children’s behavior can be more dynamic, and that future 
behavior may be more challenging to predict, psychosocial fac-
tors as exclusions for transplant listing are less common than 
what one might see with adult programs [10, 11]. However, 
given the limited resources, teams are forced to consider the like-
lihood of success for a pediatric patient and their family. This 
need is counterbalanced with the difficulty that arises when con-
sidering declining a pediatric patient, given the unique and often 
emotionally charged factors that can be at play [11]. During the 
psychosocial evaluation, it is recommended that the patient and 
family’s expectations for transplant be explored, so that true 
informed consent and assent can be obtained. Considerations for 
whether one believes transplant to be a cure; anticipation of 
expected treatment demands, including a lifetime of immuno-
suppressant medications; and understanding of the potential side 
effects of the treatments or medications should be assessed.

Furthermore, best practices for pediatric psychosocial 
evaluations encourage clinicians to specify at the outset what 
information will be collected and how it will be utilized; 
implement a standardized assessment process, while also 
varying assessment procedures based on age, developmental 
level, illness factors, and other pediatrics specific factors; 
and attend to and acknowledge the influence cultural factors 
have on health beliefs or health behavior [11]. Moreover, 
assessing all domains for all patients and families will 
improve standardization across centers [11].
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Killian examined the relationship between physician reports 
of adherence with a number of familial risk factors in a pediat-
ric transplant population. Association was  established with the 
age of the child at the time of transplant, parental education 
levels, having a two-parent family, significant psychosocial 
problems, and the pre-transplant life support status of the 
patient. However, this was a retrospective study; unfortunately, 
as Lefkowitz et al. noted, there is scant prospective research 
examining the role of pre-transplant psychosocial risk and pro-
tective factors on post-transplant outcomes. Therefore, the 
effectiveness of interventions to mitigate pre-transplant risk 
factors also remains unknown. Taken together, these works 
conclude with the need to develop standardized and evidence-
based pediatric pre-transplant psychosocial assessments, which 
include a focus on familial risk factors [12].

Due to the significant role that caregivers play in the 
pediatric transplant patient’s overall life and specifically 
with the management of their medical care, pediatric clini-
cians need to ensure that they have assessed the functioning 
and readiness of the caregivers in addition to the patient. 
Taken one step further, one should evaluate the functioning 
of the family unit as a whole. Family functioning has been 
shown to impact behavioral symptoms, adjustment to the 
illness, and adherence to a medical regimen; strong family 
cohesion and support have been linked to better adherence, 
less behavioral symptoms, and better adjustment to the ill-
ness [13–15].

Moreover, pediatric practices cover a range of develop-
mental categories, ranging from infancy to young adulthood, 
with each stage having its own unique set of exclusions or 
exceptions, further complicating evaluations. For instance, 
caregiver involvement should adapt to the patient’s changing 
developmental needs, necessitating that one’s evaluation or 
assessment can account for these nuances involving degree 
of caregiver participation. It is for these reasons that pediat-
ric teams can’t simply administer adult measures to a pediat-
ric population. A pediatric-specific tool is needed, and 
attempts to create a standardized psychosocial evaluation 
tool have been made.

Fung and Shaw created the Pediatric Transplant Rating 
Instrument (P-TRI) [16]. They modeled the instrument on 
existing adult measures but adapted it for the pediatric popu-
lation by incorporating a developmental perspective and eval-
uation of family factors. Following a literature review of the 
relevant pediatric risk factors, they designed a 17-item rating 
scale to identify and describe risk factors that may affect post-
transplant outcomes. The P-TRI presented a standardized and 
systematic approach to pediatric transplantation, which was 
groundbreaking [16]. Unfortunately, the P-TRI had psycho-
metric issues with interrater reliability, which prevented clini-
cians from implementing it in such a way that a meaningful 
cutoff score is obtained representing a level of risk [17]. 
Given that it is the only pediatric measure to date, a number 

of centers incorporate the questions from the P-TRI into a 
psychosocial evaluation, but don’t present a cutoff score.

Continued interest remains within the pediatric transplant 
community to clarify the role that psychosocial factors play in 
medical outcomes as well as to develop a well-validated psy-
chosocial screening tool that is valid, reliable, and easy to use. 
Schneider, Almond, and Shaw, investigators at Stanford 
University, have leveraged lessons learned from the P-TRI 
and in 2016 developed the Stanford Pediatric Psychosocial 
Optimization Tool (SPPOT) [18]. SPPOT is a self-report 
questionnaire that has two self-report versions for children 
and adolescents/young adults and four versions for parents of 
patients ranging in age from 0 to 30, corresponding with dif-
ferent developmental modules. The parent versions include 
an infant, toddler, school age, and adolescent/young adult 
versions. Domains include adherence, caregiver supervision, 
medical coping, psychiatric history (both patient and parent), 
cognitive, developmental and behavioral issues, family issues, 
social support, and relationship with the medical team [18]. 
Lastly, the SPPOT incorporates a screen of current psychiat-
ric problems utilizing the Patient Health Questionnaires [19]. 
Efforts are underway to study its predictive validity vis-a-vis 
the relationship between baseline SPPOT scores and medical 
outcomes, including patterns of nonadherence and episodes 
of graft rejection and graft loss. The authors’ goal is to 
develop a tool that can identify risks and then provide recom-
mendations to minimize the risks, in a systematic way that 
can be applied to all participants and hopefully eventually 
allow for a fair and equitable evaluation process in child and 
adolescent transplant candidates (Table 46.1).

One area that deserves attention is the recognition of neu-
rocognitive impairments in this patient population and ways 
to appropriately and ethically address this in the pre-trans-
plant evaluation. Building from earlier findings [20–24], 
Reed Knight and colleagues found that pediatric kidney, 
liver, and heart patients’ intellectual functioning at the time 
of the pre-transplant evaluation was within the average range 
overall; however, scores were significantly lower than the 
normal population across organs. Academic achievement 
scores were also significantly lower than the normal popula-
tion, with means in the low average to average ranges [25].

Antonini and colleagues also found preschool-aged heart 
and liver transplant patients to have cognitive delays at the 
time of transplant evaluations, though, as is often the case, 
limitations due to a small sample size and variable scores are 
to be noted [26]. Given the rapid maturation that occurs dur-
ing childhood with regard to neurological development, as 
discussed by Mohammed, identification of and early inter-
ventions targeting deficits are particularly important [26, 27]. 
It is, therefore, recommended that intellectual and academic 
functioning be evaluated at the time of the pre-transplant 
evaluation, so that appropriate accommodations or supports 
can be implemented. This will also help medical teams to set 
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appropriate expectations for the role that patients or caregiv-
ers will have in the patient’s disease management. For exam-
ple, it may be helpful to increase adult supervision during 
medication administration times if a patient is unlikely to be 
able to manage the regimen independently or customize 
transplant education accordingly [11]. If over time the patient 
is able to increase their role in their self-care, expectations 
are to then be adjusted [11]. It is worth noting that identifica-
tion of intellectual impairments or more specifically intel-
lectual disability at the time of transplant is not to be done so 
as to in any way allow for discrimination of this patient 
group; rather, as mentioned in Dobbels’ editorial, pre-trans-
plant screening on a case-by-case basis, irrespective of intel-
lectual disability, should occur [28].

While attention has been on the initial pre-transplant eval-
uation, it is considered best practice to reevaluate patients 
and families. Dew et al. demonstrate the need for ongoing 
evaluation, as fluctuations in caregiver and patient presenta-
tions occur with adult patients [29]. Perhaps ongoing reeval-
uations are of even greater importance in a pediatric 
population, with the ever-evolving and constant development 
of children and adolescents. Furthermore, Annunziato et al. 
discussed how reevaluation is of importance, given that new 
findings may be uncovered once a more trusting relationship 

is established and also after one has had the opportunity to 
receive mental health interventions that were recommended 
at the initial pre-transplant evaluation to address identified 
risk factors [10].

 Selection/Listing Process

Solid organ transplant first begins with consent. The con-
sent process requires members of the medical team to 
ensure that both patients and parents/caregivers understand 
the risks and benefits of SOT in order to give informed 
consent, which is obtained for pediatric patients over the 
age of 18 and from parents or caregivers of patients under 
18 [30]. In addition to gaining consent from parents, it is 
ethically responsible to also gain assent or agreement from 
the minor patient [31]. As with all types of candidates, 
assurance that the patient and support system can and will 
adhere to the rigorous therapeutic plan before and after the 
transplant must be obtained. Should the patient decline 
transplant, the medical team and caretakers must then 
weigh the benefits of respecting the patient’s wishes while 
also balancing the need for an indicated and life-saving 
treatment [31].

Table 46.1 Components of a pediatric psychosocial evaluation from the Stanford Pediatric Psychosocial Optimization Tool [18]

Self-report: 
school age

Self-report: 
adolescent/young 
adult

Parent 
report: infant

Parent report: 
young child

Parent report: 
school age

Parent report: 
adolescent/young adult

Demographic information X X X X X X
Concerns about transplant X X X X X X
Motivation for transplant X X X X X X
Adherence X X X X X X
Parental supervision X X X X
Medical coping X X X X X
Relationship with the medical 
team

X X X X X X

Patient social support X X
Family support X X X X X X
Logistical issues X X X X
Parental social and logistical 
support

X X X X

Externalizing problems X X X X X
Cognitive/developmental 
issues

X X X X

Trauma history X X
Parent psychiatric 
history – Self-report

X X X X

Patient psychiatric history – 
Parent report

X X X

Patient psychiatric history – 
Self-report (18yo+)

X

Self-report rating of current 
psychiatric concerns

X X X X X
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Similar to adult transplant, following informed consent 
and a comprehensive pre-transplant evaluation, the medical 
team will present the patient and discuss the varied risks and 
benefits of transplant. Ethical issues regarding the scare 
medical resource are considered, including psychosocial 
concerns [30]. At the conclusion of the multidisciplinary 
team meeting a decision is provided regarding treatment 
planning, and if approved the patient is placed on the trans-
plant wait list.

 Wait List

Based on OPTN data as of December 2017, there were 1995 
patients under the age of 18 waiting for an organ transplant. 
Wait times for organs can vary widely based on the organ 
type. The 2012 UNOS annual data report shared that 40% of 
pediatric renal transplant patients waited less than a year, and 
the remainder of patients waited between 1 and 4 years for a 
transplant [32]. Conversely, the majority of pediatric heart 
transplant patients are transplanted within a year of being 
listed active on the transplant list [32].

The demand for heart transplants continues to grow 
steadily, as heart transplant continues to afford advanced 
heart failure patients the best option for long-term survival. 
The number of heart transplant candidates who are listed and 
the number of heart transplants performed continue to 
increase. As found at the end of 2015, the number of active 
candidates on the heart transplant waiting list increased by 
130% over the last decade. The number of heart transplants 
increased by 26.8% in the past decade and only by 5.2% 
between 2014 and 2015. It is apparent that the growth in the 
waiting list has exceeded the growth in the number of trans-
plants. This may reflect the increase of effective employment 
of cardiac assist devices that allow patients to survive longer 
on the waiting list. At the end of 2015, 230 pediatric candi-
dates remained actively listed, 34% of whom were 
11–17 years of age, followed by ages younger than 1 year 
(25.8%), 1 to 5 years (24.2%), and 6 to 10 years (16.0%). 
Fifteen percent died on the wait list or were too sick to 
undergo transplant. However, 48 (7.6%) children were 
removed due to improved condition.

Similar to heart transplant, the ratio of wait list deaths to 
transplants in pediatric lung candidates is higher than that in 
adults. Despite the highest lung transplant rates in 2015 for 
both populations combined, the 2014–2015 overall mortality 
rate was 16.5 deaths per 100 wait list years compared with 
8.6 in 2004–2005, and was highest for candidates aged 12 to 
17 years, at 40.0 deaths per 100 wait list years likely due to 
the increasingly sick candidate pool [33]. The number of 
active candidates on the lung transplant waiting list at year-
end has grown by 14.7% over the past decade, while the 
number of active and inactive new additions to the waiting 

list has increased by 42.4% over the same time period [33]. 
Data from the Scientific Registry of Transplant Recipients 
(SRTR) report in 2016 measured a range of wait times for as 
brief as 30 days, to between 2 and 3 years.

According to OPTN data as of December 2017, there 
were 1051 pediatric patients awaiting kidney transplant with 
566 of those patients being adolescent patients, aged 11 to 
17 years old. The majority of pediatric kidney patients wait 
between 6 months and 2 years for transplant. In 2015, ten 
patients aged 1–17 died while waiting for transplant. Unique 
to kidney transplant is that patients can incorporate their time 
on dialysis prior to being listed as part of the overall wait 
time for transplant. With regard to liver transplant, in 2015, 
the number of new active candidates added to the pediatric 
liver transplant waiting list was 689, down from a peak of 
826 in 2005. Waiting time has decreased slightly over time 
such that 52.7% of candidates waited for less than 1 year in 
2015, compared with 36.4% in 2005.

Recipient characteristics, wait list mortality, and patient 
and transplant outcomes differ for intestine transplant and 
intestine-liver transplant. Over the past decade, the age dis-
tribution of candidates wait listed for intestine and intestine-
liver transplant shifted from primarily pediatric to increasing 
proportions of adults. In 2015, a total of 141 intestine trans-
plants were performed in both adults and children. Between 
2006 and 2015, the number of intestine transplants declined 
by 19.4%, from 175 to 141. Numbers of intestine transplants 
without a liver increased from a low of 51 in 2013 to 70 in 
2015. Intestine-liver transplants increased from a low of 
44  in 2012 to 71  in 2015. Most of the listed candidates 
receive a graft within 1 year of listing. In 2015, transplant 
rates were highest for adult intestine-liver transplants, at 
151.5 per 100 wait list years, and lowest for pediatric intes-
tine transplant, at 18.8 per 100 wait list years.

The time waiting for transplant can be emotionally taxing 
for patients and their families as patients face the threat of 
dying before receiving an organ [34, 35]. This time is under-
standably marked by anxiety and uncertainty. Often patients 
and families are adjusting their lives to prepare for trans-
plant. For example, families may be asked to temporarily 
relocate to be closer to their transplant center in case an 
organ becomes available. If the entire family moves or if 
only the patient and one parent move, disruptions to the fam-
ily’s life are guaranteed, with potential impacts on the 
schooling of the children, employment of the parents, and 
overall support of the community or extended family.

Concerns regarding the potential donor may also arise as 
the patient and family learn about the deceased donor pro-
cess. Children and adolescents may have questions or wor-
ries both before and after transplant about their donor, their 
donor’s family, and the circumstances around the donor’s 
death. Alternatively, patients pursuing living donation must 
also process their own unique considerations, such as who 
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will donate the organ and whether the patient is comfortable 
with a living donor donation. A major benefit to living dona-
tion is that it can be scheduled, which can alleviate the uncer-
tainty of waiting. However, with living donation you must 
identify caregivers for both the pediatric patient and the 
donor. Oftentimes one parent would like to donate, which in 
turn strains the entire family system when two members are 
recovering from an invasive surgery. Similarly, siblings are 
sometimes asked to donate. Special attention should be given 
to ensure that the sibling does not feel coerced or pressured. 
Lastly, the patient will also require individual attention to 
assess for and discuss potential guilt or disinterest in living 
donation, which may be particularly relevant for older chil-
dren, adolescents, and young adults, who are aware of and 
sensitive to these potential issues.

 Transplant Outcomes

 Medical Outcomes

Medical outcomes have generally improved over time and 
vary per organ group. Although survival after pediatric lung 
transplantation has improved over the past decade, long-term 
survival rates remain well below heart and other solid organ 
transplants. Lung transplantation is considered in children 
with end-stage or progressive lung disease or life-threatening 
pulmonary vascular disease, for which there is no other med-
ical therapy. Regardless of the underlying diagnosis, all can-
didates have a clear diagnosis and trajectory of illness such 
that the child is at high risk of death, despite optimal medical 
therapy. Mortality after lung transplant is greatest in the first 
year, with approximately 15% of all recipients dying because 
of infection and graft failure [34]. Nonetheless, the overall 
survival rate has improved over the last 30 years. Survival is 
similar among pediatric recipients under the age of 12, 
including infants, but worst among adolescents, when condi-
tional survival to 1 year is considered. Before 2000, median 
survival was 3.3 years among all children, but median sur-
vival improved substantially to 5.8  years after 2000, and, 
upon conditional analysis limited to survival to 1 year, pedi-
atric median survival has increased to 8.7  years compared 
with 9.6 years in adults [36]. The ongoing challenges to bet-
ter outcomes include optimization of patient selection and 
altering allocation policies to ensure that pediatric lung 
transplantation confers survival and/or QOL benefit.

Patient mortality following heart transplant has declined. 
Among pediatric patients who underwent heart transplant in 
2014, the 1-year survival rate was greater than 90%. Overall, 
in 2015, 1-year and 5-year patient survival rates were 88.7% 
and 77.2%, respectively, among recipients who underwent 

transplant in 2003–2010. Five-year patient survival was 
71.2% for recipients aged younger than 1  year, 78.4% for 
ages 1 to 5 years, 87.5% for ages 6 to 10 years, and 77.4% for 
ages 11 to 17 years.

Outcomes for pediatric renal transplant recipients are 
generally very good. Data from 2008–2015 showed that 
1-year graft survival rates for renal patients were 95.2% for 
ages 1–5, 96.4% for ages 6–10, and 97.0% for ages 11–17. 
Survival rates decreased at the year 5 point, with ages 1–5 
and ages 6–7 demonstrating 87.6% and 87.9% graft survival, 
respectively, and ages 11–17 showing 78.1% graft survival 
rate [35]. Notably, adolescent renal patients are considered to 
have the worst long-term outcomes compared to all other age 
groups, with the only exception being adults over the age of 
65 [37]. Nonadherence to medications has been identified as 
a principle explanation for this pattern [38].

The 5-year graft survival within the adolescent-age group 
after liver transplant is slightly lower than for the 6–10-year-
old age group (79% vs. 87%, respectively) but was 75.0% for 
recipients aged younger than 1 year and 78.2% for ages 1 to 
5 years. For all ages combined, the 5-year survival averages 
85% [9].

Demand for pancreas transplants overall has declined 
dramatically in the past decade, likely due to a combination 
of factors including improvements in noninvasive therapies 
for diabetes weighed against the difficulty and potential 
complications of the transplant surgery. Annually, the num-
ber of pediatric pancreas transplants appears to be stable at 
about 30–50 per year since 2008. The overall survival rate 
for recipients of a pancreas is high, at approximately greater 
than 97% at 5 years, but the survival of functioning grafts 
are reported in the range of 55–65% at 5 years after trans-
plant [39].

The number of intestine transplants has remained low 
over the decades. Intestine and intestine-liver transplant 
remains important in the treatment of intestinal failure, 
despite decreased morbidity associated with parenteral nutri-
tion. Intestine transplants may be performed in isolation, 
with a liver transplant, or as part of a multi-visceral trans-
plant. Short gut syndrome (congenital and non-congenital) is 
the main cause of disease leading to intestine and to intes-
tine-liver transplant. Intestine graft survival has improved 
since the early 1990s but has plateaued over the past decade. 
Patient survival was lowest for adult intestine-liver recipients 
(1- and 5-year survival 68.6% and 35.7%, respectively) and 
highest for pediatric intestine recipients (1- and 5-year sur-
vival 88.1% and 74.6%, respectively), though rates differ 
among age groups, with longest survival of both patient and 
graft occurring in the 6–10-year-old recipients and lower in 
the children aged either <1  year of age or adolescent age 
range [40].
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 Psychosocial Outcomes

Solid organ transplant is associated with complex treatment 
regimens, frequent doctors’ appointments, and lifestyle 
restrictions [41, 42]. The majority of patients adaptively cope 
with the changes that come with transplant, but a significant 
subpopulation experiences difficulties with the transition to 
post-transplant care [43].

Health-related quality of life captures the domains of 
physical functioning, mental health, and general health per-
ceptions [44]. QOL for the first 1 to 2 years following trans-
plant is rated lower than expected and lower than patients 
with other chronic conditions; however, it has been found 
to increase over time [45]. Other studies have found that 
transplant patients generally report lower QOL compared 
to healthy peers but similar to other chronic illness groups 
[46, 47]. Parents of pediatric transplant patients tend to rate 
QOL as worse than the patients themselves [48]. 
Additionally, this pattern of lower-rated QOL has been 
found in both children and adolescents [37, 45, 49, 50]. 
Care needed post-transplant may disrupt social develop-
ment such as playing sports and staying out late with friends 
and in turn impacts QOL [50]. Times of particular vulner-
ability may include transitioning home from the hospital; 
returning to previous routines, such as reintegration into 
school or readopting an exercise regimen; and reestablish-
ing family functioning [45, 51].

Research has shown individual characteristics related to 
adherence (i.e., rescheduled clinic appointments or medi-
cation adherence) predicted lower QOL in adolescent 
transplant patients [44]. Similarly, the perception of 
adverse side effects from medications was significantly 
related to both physical and psychological well-being of 
the patient. Side effects from medications can include a 
decrease in energy, weight gain, and changes in facial 
appearance, all of which can impact an adolescent’s sense 
of self [42]. Adolescents who perceived these side effects 
as worse reported a lower QOL [42]. Adolescents may 
then stop taking medications to avoid side effects, leading 
to issues with nonadherence. Similarly, transplant has been 
associated with a negative impact on biological aspects of 
development, which may contribute to lower perceived 
QOL [37, 52].

Family functioning following transplant is vulnerable to 
the impact of stress and burden that is associated with SOT 
[53]. Research has shown that factors such as parental 
income and family conflict can negatively impact QOL [44]. 
Taken in combination with the new medical requirements, 
financial obligations, increased monitoring of the patient, 
and lifestyle changes, families may experience more conflict 
and decreased functioning [53]. Furthermore, families with 

high levels of parental stress, worse child behavior, and more 
dysfunctional child-parent interactions were found to have 
worse medication adherence [54].

Based on the abovementioned research, it is not surpris-
ing that the development of distress and, in some cases, psy-
chiatric disorders occurs after SOT [55–57]. Depression and 
anxiety related to illness uncertainty, organ rejection, medi-
cal procedures, and body image distortions commonly 
develop following transplant [58]. Furthermore, patients 
with a history of psychiatric illness prior to transplant are at 
increased risk of experiencing emotional difficulties [43, 
56]. Adolescent renal transplant patients had a significantly 
higher incidence of depression in addition to anxiety and 
phobias compared to healthy peers [59]. Shaw et al. found 
that almost a third of their renal transplant sample carried a 
psychiatric diagnosis, with a statistically higher occurrence 
in adolescents compared to children [60]. Psychiatric diag-
noses for the entire sample included major depression (50%), 
adjustment disorder (50%), psychological factors affecting 
other medical condition (20%), oppositional defiance disor-
der (10%), and substance use disorder (10%) [60]. DeMaso 
et al. found that approximately one fourth of their pediatric 
heart transplant sample exhibited emotional difficulties at 
some point in the first 5 years following transplant.

Posttraumatic stress symptoms may develop in both pedi-
atric SOT patients and their parents or caregivers following 
transplant, as the process may qualify as medical trauma [61]. 
Understanding the development of posttraumatic stress in 
patients and families dealing with chronic illness is of partic-
ular importance as it relates to nonadherence [61]. Difficulties 
taking medication or attending required medical appoint-
ments may be a manifestation of avoidance symptoms [62]. 
Mintzer and colleagues found that approximately 16% of 
their sample of pediatric solid organ transplant patients met 
full criteria for posttraumatic stress disorder (PTSD) follow-
ing transplant [63]. An additional 14% endorsed significant 
subthreshold symptoms and met criteria for two out of the 
three clusters of symptoms [63]. Furthermore, Young and col-
leagues have documented 50% of parents of transplant 
patients reported at least moderately severe PTSD symptoms, 
and 44.6% reported that the symptoms resulted in moderate 
to severe impairment in their functioning. Further, 27.1% of 
parents reported symptoms that met diagnostic criteria for 
PTSD [64]. Therefore, models such as those proposed by 
Kazak and colleagues that explain the development of post-
traumatic stress symptoms in patients and families dealing 
with pediatric chronic illness deserve attention and possible 
modification to the transplant population [65, 66].

Quality of life and psychological problems are areas that 
warrant assessment post-transplant, given documented defi-
cits. Similarly, assessment of neurocognitive functioning is 
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equally important. In 2009, Alonso reviewed the available 
literature on neurodevelopmental outcomes in pediatric solid 
organ transplant recipients and found that in all cases neuro-
logic comorbidities increased the risk of delay [67]. Given 
urges to assess this functioning at the time of the evaluation 
and then after transplant, it is hoped that more longitudinal 
data can be gathered to better understand these processes and 
the impact of transplant on pediatric patients.

 Adherence

Treatment adherence has emerged as a critical issue for pedi-
atric patients following SOT [38, 68, 69]. Adherence is a term 
used to describe a patient’s ability to comply with a medical 
treatment plan [68, 70]. It is often defined behaviorally by how 
consistently a patient takes prescribed medication, attends 
regularly scheduled clinic appointments, and adapts to recom-
mended lifestyle changes [68, 71]. Adherence to medications 
is heavily emphasized in SOT because of the large role it plays 
in graft survival [68, 70]. Failure to properly take immunosup-
pressant medications can lead to increased hospitalizations, 
organ rejection, organ failure, and in some cases death [46, 
68–70, 72]. The complexity of the immunosuppressant medi-
cation regiment (e.g., doses per day, number of medications 
needed, and timed schedule) directly affects adherence rates 
[69]. For example, in pediatric kidney transplant patients, 
adherence decreased as number of medications increased [69].

Adolescent SOT patients have the highest occurrence of 
nonadherence compared to other age groups [60, 70, 72–77]. 
Approximately 30% of SOT patients are nonadherent, with 
adolescents demonstrating higher rates of nonadherence 
compared to children; approximately 42%–45% of adoles-
cents have been documented as nonadherent compared to 
approximately 20% of younger children [60, 78]. Dew et al. 
(2009) conducted a meta-analysis to determine a prevalence 
rate of nonadherence in pediatric transplant patients and 
found that 12.9 cases per 100 patients per year were nonad-
herent to appointments and lab tests and that accounted for 
the largest occurrence of nonadherence in the pediatric sam-
ple. Additionally, 6 cases out of 100 patients were nonadher-
ent to their immunosuppressant medications [38].

Several risk factors have been linked to nonadherence, 
including age, socioeconomic status, race, family function-
ing, and psychological status [38, 72, 76, 79–81]. Adolescence 
serves as a significant risk factor, as this stage of develop-
ment is marked by impulsivity, increased risky behaviors, 
increased attention to body image, and increased emotional-
ity [79, 80]. Psychiatric diagnoses have also been found to be 
related to nonadherence after transplant [55, 56, 60, 75, 82]. 
Patients experiencing higher levels of anxiety, depression, 
and posttraumatic stress endorsed more barriers to medica-
tion adherence and demonstrated poorer medication adher-

ence overall [83]. Notably, barriers to medication adherence 
remain stable over time [84].

Given that difficulties with adherence and psychosocial 
concerns have been well documented in the adolescent popu-
lation, recent research has focused on identifying evidence-
based treatments [74, 85]. However, small sample sizes, 
inconsistent and nonstandardized means of measuring adher-
ence, and a lack of randomized clinical trials have made it 
difficult to identify best practices and determine appropriate 
interventions [86]. Tailoring interventions to the specific 
needs of particular populations may have the best chance to 
demonstrate efficacy [87, 88].

Multicomponent treatments employing a variety of inter-
ventions, such as psychoeducation, behavioral strategies, 
and cognitive tools, have proven effective with other groups 
and may benefit pediatric transplant patients [74]. Educational 
and instructional interventions on their own have been shown 
to have only a small effect on adherence in adolescent trans-
plant patients [89, 90]. Interventions should incorporate the 
patient, the family, and the medical team [91]. Further, they 
should be skills-based and cover several domains, including 
education, emotional response, and social supports [91].

Research has shown promising results with regard to mul-
ticomponent interventions for pediatric SOT patients. Fennel 
et al. showed improvements in adherence to prednisone for 
renal transplant patients following a brief intervention that 
combined education and behavioral strategies [92]. Shemesh 
et al. found improvements in graft functioning after partici-
pation in an intervention that combined increased medical 
visits with behavior strategies to improve adherence [93]. 
Hashim, Vadnais, and Miller adapted dialectal behavioral 
therapy to address nonadherent adolescent renal transplant 
patients and found that the combination of multiple behav-
ioral interventions improved adherence [94]. Lastly, Naclerio 
found that renal transplant patients were six times less likely 
to lose their graft after participation in a multicomponent 
therapy that addressed adherence and adjustment to trans-
plant through behavioral strategies, problem solving, and 
cognitive processing [95]. Larger studies are needed to better 
understand mechanisms of change.

With society seeing rapid advancements in technology, the 
electronic delivery of psychosocial interventions has the poten-
tial to be a powerful tool. While some research has reported that 
the effect of technology on adherence has not yet been shown to 
be efficacious [90], others recognize the utility and develop-
mental appropriateness of the technology when working with 
adolescents. Text messages have been used as behavioral inter-
ventions to improve adherence, such as reminders to take medi-
cations or attend laboratory appointments [52, 96]. Online 
portals have been used to deliver education, such as information 
on medications and adherence, as well as foster communities of 
peers to provide support, discuss common fears and worries, 
and process the transplant experience [97–99].
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 Transitioning

Transitioning refers to the process of graduating a patient 
from pediatric to adult medical teams [100, 101]. For some 
patients, this can be a vulnerable time period as they are 
expected to take on more responsibility in their medical care. 
Negative outcomes, such as nonadherence, rejection, and 
graft loss, are possible during this period [100]. Therefore, 
pediatric medical teams have begun to focus on readiness to 
transition by administering questionnaires that assess key 
components of self-management [100].

Mixed evidence has been found regarding the impact of 
transitioning to adult care on medication adherence [73, 
102]. One study found that adherence was not significantly 
worsened when kidney transplant patients were transitioned 
to an adult care setting within the same institution [102]. 
Other researchers have argued that young adults, ages 18–24, 
experience similar difficulties as adolescents with regard to 
adherence and suffer from similar poor outcomes as they 
begin to transition from pediatric to adult medical care [73].

Transitioning to adult care impacts many levels of a sys-
tem, including the patient, the family, the pediatric medical 
team, and the adult medical team. Barriers to a successful 
transition can include patient’s developmental stage, fami-
ly’s ability to support increasing patient responsibility, pedi-
atric team’s bond with patient, and adult team’s uncertainty 
of treating issues specific to adolescence/young adulthood 
[101]. Providing education on diagnoses, medications, and 
how to navigate the health-care system is recommended. It is 
also important to address concerns from the family and 
encourage that they support the adolescent or young adult to 
take on more responsibility in care. Medical teams can ben-
efit from having team members specifically assigned to aid-
ing in transition-related issues [103]. Evidence-based 
practice guidelines as well integrated psychosocial programs 
are now a focus of research in order to better address poten-
tial barriers to transitioning [101, 104].

 Conclusions
With medical outcomes improving significantly in recent 
years, pediatric SOT patients are living longer than ever 
before and, in turn, are faced with unique challenges 
requiring further attention and research. QOL following 
transplant can be negatively impacted by increased medi-
cal appointments, hospitalizations, medication side 
effects, and changes in typical routines. Nonadherence to 
a new medical regimen is also not uncommon and is asso-
ciated with a host of medical and psychological conse-
quences. Taken in combination, pediatric SOT patients 
and their families juggle multiple demands leaving the 
entire family system taxed. Standardized, multidisci-
plinary evaluations aimed at identifying and addressing 
both medical and psychosocial factors that pose risk to 

successful transplantation are recommended for compre-
hensive, patient-centered support. Moreover, understand-
ing how to minimize the effects of transplantation and 
immunosuppression on these critical processes in chil-
dren is paramount. Lastly, identifying the etiologies 
responsible for and addressing the poor outcomes in the 
adolescent population remain an important area for study.
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Palliative Care in Transplant Patients

Anna Piotrowski and Susan Imamura

 Introduction

Historically transplantation and palliative medicine have 
been seen on the opposite ends of the spectrum, with trans-
plant medicine focusing on aggressive life prolongation and 
palliative care being equated with end-of-life care. However, 
recent trends show that these specialties are not mutually 
exclusive.

Due to advances in medicine and technology, many 
more people than ever before are living with chronic and 
end-stage illness and have the possibility of organ trans-
plantation as a means of potential treatment. Patients with 
leukemia, multiple myeloma, and some types of lymphoma 
may now have the option of a bone marrow transplant. 
However, some patients evaluated for transplant might not 
be found appropriate candidates due to medical or psycho-
social reasons or may pass while awaiting a transplant [1, 
2]. Others may not survive the transplant or postoperative 
period or may have complications which limit their quality 
of life (QOL) or long-term survival [2]. In addition, patients 
undergoing transplantation trade one chronic illness for 
another, as all transplant recipients must take a complicated 
post-transplant regimen, associated with multiple side 
effects [3–5].

While successful transplantation may afford a patient 
another 5 to 20 years of life [6], with the uncertain and tenu-
ous transplant process, it is paramount to shift the focus from 
quantity to quality of life.

 What Is Palliative Care?

The World Health Organization defines palliative care as “an 
approach that improves the quality of life of patients and 
their families facing the problems associated with life-threat-
ening illness through the prevention and relief of suffering 
by means of early identification and impeccable assessment 
and treatment of pain and other problems, physical, psycho-
social and spiritual.” [7]

Palliative care is medical care provided by an interdisciplin-
ary team including medicine, psychiatry, nursing, social work, 
chaplaincy, counseling, nursing assistants, and other health 
professionals, focused on the relief of suffering and support for 
the best possible QOL for patients facing serious life-threaten-
ing illness and their families. Palliative care expands the focus 
from traditional disease-model medical treatments to include 
the goals of enhancing QOL, optimizing functioning, and help-
ing with decision-making including decisions regarding end-
of-life care [8]. Palliative care includes:

 1. The structure and process of care.
 2. Physical aspects of care.
 3. Psychological and psychiatric aspects of care.
 4. Social aspects of care.
 5. Spiritual, religious, and existential aspects of care.
 6. Cultural aspects of care.
 7. Care of the imminently dying patient.
 8. Ethical and legal aspects of care.

These core domains of care are used to provide individu-
alized patient- and family-centered care where each patient’s 
and their family’s needs are assessed, documented, and 
addressed individually. Such assessment includes documen-
tation of the disease status, diagnoses, and prognosis, 
patients’ and families’ understanding of the disease and 
prognosis, and patient and family expectations, including 
goals for care and for living. The palliative care team 
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 facilitates the documentation of patients’ wishes for care 
along the healthcare continuum via completion of docu-
ments such as an advanced care directive or a Physicians 
Orders for Life-Sustaining Treatment (POLST) [8, 9].

An advanced care directive is a legal document that is 
completed at any point during the patients’ disease process 
that (1) designates a surrogate decision-maker if a patient 
becomes unable to make decisions about their own medical 
care and (2) provides general treatment guidance or instruc-
tions in making healthcare decisions (e.g., when to continue, 
withhold, or withdraw care at the end of life). A POLST is 
not a legal document and does not designate a surrogate deci-
sion-maker. Instead, a POLST is completed when patients 
are nearing the end of life and are expected to die within a 
year, and it functions as “portable medical order for specific 
medical treatments the patient would want tonight” [9] and 
orders medical personnel to provide specific treatment in an 
emergency. A POLST contains three major elements includ-
ing if the patient wishes to receive cardiopulmonary resusci-
tation if they are nonresponsive, have no pulse, and are not 
breathing, what type of treatment they wish to receive in an 
emergency when they have a pulse and are breathing, and if 
they wish to receive artificial nutrition [9]. After document-
ing patients’ wishes regarding their goals of care, the pallia-
tive care team ensures that patients’ goals and choices are 
understood, respected, and implemented within the limits of 
state and federal law including implementation of do not 
resuscitate (DNR) orders which instruct medical providers to 
not provide cardiopulmonary resuscitation if a patient 
becomes unresponsive, stops breathing, and has no pulse [8, 
9].

Aside from assessment, documentation, and implementa-
tion of patients’ goals for treatment, palliative care can man-
age symptoms such as pain, shortness of breath, fatigue, 
nausea, weakness, anorexia, insomnia, anxiety, depression, 
confusion, and constipation, as well as other symptoms and 
side effects of the disease process and its treatment. The pal-
liative care team is able to assess and communicate the signs 
of impending death and care for patients during the dying 
process and provide grief and bereavement assistance to the 
patients’ families and treatment team [8].

 Palliative Care and the Transplant Process

Molmenti and Dunn describe patients eligible for transplants 
as highly vulnerable physically, socioeconomically, psycho-
logically, and spiritually from the consequences of end-stage 
organ failure. Their and their families’ wishes may evolve 
over time due to the progression of the underlying disease 
which changes the goals of care. Once transplanted, patients’ 
and their families’ expectations for complete recovery may 

be incongruent with the nature of their disease, post-transplant 
complications, age, comorbid medical illness, and previous 
functional status [10]. The involvement of palliative care in 
the transplant process has been documented to improve 
advance care planning and goals of care discussions, increase 
do not resuscitate (DNR) rates, and decrease length of stay in 
the hospital, without increasing the rate of mortality. They 
also decrease the rate and severity of symptoms such as nau-
sea, insomnia, pain, tiredness, constipation, depression, anx-
iety, anorexia, and dyspnea [1].

The integration of palliative care into the transplant pro-
cess has been found to be highly effective in supporting 
patients throughout their disease process [11]. Yet, many 
misconceptions about palliative care act as barriers to refer-
ral [12]. Ouimet Perrin describes key barriers to include the 
misconception by medical providers, patients, and their fam-
ilies that palliative care is solely appropriate for patients near 
death and is separate from standard care. Therefore, involve-
ment of palliative care can be seen as undermining the goal 
of saving the patient’s life. Furthermore, the unpredictable 
disease trajectory of organ failure [1, 13] makes it difficult 
for clinicians to decide when is the best time to involve pal-
liative care. Santivasi et al. describe the concept of a “thera-
peutic inertia” where the adherence to a preconceived course 
of treatment even in the face of new medical problems or 
risks can prevent the consideration of non-transplant-directed 
care [14, 15].

The integration of palliative care intro transplant clinics 
has been discussed in numerous articles and has been increas-
ing over the years. Wentlandt et al. describe the integration of 
palliative care clinic into the organ transplantation service 
within the University Health Network’s Multi-Organ 
Transplant Program in Toronto, Canada [13]. They report 
that since 2011, over 250 patients have been referred to the 
palliative care clinic. After initial consultation, patients’ 
Edmonton Symptom Distress Score, an assessment of symp-
tom distress in the palliative care setting, improved for pain, 
tiredness, drowsiness, sleep, cough, depression, and anxiety. 
Each unique solid organ transplantation program (i.e., heart, 
lung, kidney, liver, gut) as well as hematopoietic cell trans-
plantation can have their own unique issues, question, and 
symptom burdens. It is important to address the unique 
aspects of palliative care in these patient populations 
separately.

 Palliative Care and Heart Failure

Improvements in cardiovascular treatment have led to an 
increase in those living with heart failure, which is expected 
to rise to nearly 8 million people by 2030 [16]. With advances 
in diagnosis and therapy, patients with heart failure have 
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access to a variety of treatments including (1) medical ther-
apy, (2) electrical therapy, (3) surgery, and (4) combination 
therapy. For many patients, as their disease progresses, medi-
cal therapy is no longer enough, and evaluation for place-
ment of ventricular support devices and heart transplantation 
becomes an option [17].

In 2017, there were 3244 heart transplants in the United 
States. Despite this number, there are currently 3956 patients 
who are currently registered and waiting for a heart trans-
plant with the median waiting time between 70 and 535 days 
[18]. Due to prolonged waiting times for a heart transplant, 
patients may experience emotional strain as well as physical 
decompensation marked by shortness of breath, nausea, diz-
ziness, and edema. At times these symptoms may be intrac-
table [19]. These symptoms interfere with the ability to work 
or complete daily activities and cause significant psychologi-
cal distress for both patients and their families [20]. 
Worsening anxiety, anorexia, and sleep disturbance may not 
only be immediate issues for the patient but also detrimental 
to their long-term health and jeopardize their transplant sta-
tus [19]. Patients who receive heart transplant and are dis-
charged from the hospital have decreased 5-year survival of 
76.2–79.2%, compared to the general population [18]. This 
is of course superior to medical therapy alone with 1-year 
survival of only 25% [20].

Thus, opportunities for palliative care team to offer their 
services are ample throughout the continuum of end-stage 
heart disease. Ideally, the utilization of palliative care should 
be started at the time of diagnosis when a patient’s health is 
not in crisis and there exists ample opportunity to discuss 
diagnoses, symptoms, prognosis, treatment options, treat-
ment preferences, and healthcare values. This integration of 
palliative care into the initial visits with the patient and their 
family can provide support to the patient and their family 
during their disease process. The palliative care providers 
have the ability to assist the heart failure team with treatment 
of changing physical and emotional symptoms and discus-
sions of changes in goals of care which may occur during the 
disease trajectory [19].

Schwarz et al. describe a pilot study of palliative care con-
sultation in patients with advanced heart failure referred for 
cardiac transplantation. In this study, 20 patients received a 
palliative care consultation with resulting decreased use of 
opioids, increased clarity about treatment plans, and realign-
ment of goals of care. Of these patients, 30% completed 
advanced care directives. In addition, both patients and their 
cardiologists reported that the palliative care consult pro-
vided either moderate or significant positive impact on the 
patient care [4]. Another study demonstrated that integration 
of palliative care into heart failure treatment increased 
patients’ QOL, improved their symptom burden, and 
increased advanced care planning [21].

Post-transplant, while patient’s QOL improves and care-
giver burden decreases, physical symptoms, such as pain, 
may continue. In addition, patients might experience an 
increase in emotional and psychosocial-spiritual burden with 
up to 69% of patients endorsing such symptoms after trans-
plant [20]. Overall, early and continual involvement of pal-
liative care throughout the disease and transplant process can 
help not only delineate and clarify evolving goals of care but 
provide treatment of distressing symptoms, improve QOL, 
and support patients and their families throughout the dis-
ease process.

 Palliative Care and Ventricular Assist Devices

In recent years, ventricular assist devices (VADs) have 
been used not only as a bridge to transplants but also as a 
destination therapy when a patient is not eligible or does 
not wish to receive a heart transplant [2, 22]. As a result, 
nearly 150,000 to 250,000 patients annually are eligible 
for a destination VAD therapy, although the current 
1-year mortality rate for destination (DT) left ventricular 
assist devices (LVAD) is around 20% and the average sur-
vival only slightly exceeds 2  years after implantation 
[22]. As such, the therapy itself may be considered 
aggressive palliation as the risk of complications remains 
very high and includes rehospitalization, infection, 
stroke, device malfunction due to clotting, and progres-
sive right heart failure [22].

Some of the psychosocial problems common among 
LVAD patients are different from transplant patients. The 
caregiving for patients with an LVAD is more burdensome 
than care of heart transplant candidates or recipients and 
has been found to be comparable to patients receiving 
mechanical ventilation at home [16]. In 2013, the Joint 
Commission mandated that all accredited DT-LVAD pro-
grams must have a palliative care specialist as part of the 
treatment team, and this is also consistent with the 2014 
recommendations by the Centers for Medicare and 
Medicaid Services [22]. Integration of the palliative care 
team at the time of the initial discussion and implantation 
decision-making can facilitate understanding and docu-
mentation of patient’s goals, preferences, and values, 
including completion of associated documents such as 
advanced care directives ideally done prior to device 
implantation. Palliative care can also increase in-home sup-
port as symptom burden and complications progress [16]. 
Longitudinal care and involvement by the palliative care 
team from implantation of the DT-LVAD can help continu-
ally assess the patients’ and their families’ evolving goals 
of care and facilitate transitions in goals of care, including 
device deactivation and end-of-life care [22].
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 Palliative Care and End-Stage Lung Disease

For patients with end-stage lung disease, lung transplant may 
be the therapy of choice that can improve both survival and 
QOL [23]. Unfortunately, lung transplantation includes many 
risks including drug toxicities, infections, and rejection [24]. 
Survival post-lung transplant remains low with 1-year and 
5-year survival of 87–89.1% and 52.2–55.4%, respectively 
[18]. In addition, improvement in lung transplant recipients’ 
QOL may not be fully evident until 1 year after transplant [2]. 
Long-term concerns include bronchiolitis obliterans, a pro-
gressive, insidious, and often fatal lung alloreaction, which 
affects 49% and 75% of patients 1  year and 5  years post-
transplant, respectively, determining the trajectory and out-
comes post-lung transplant and significantly affecting 
patients’ QOL [5]. Thus, lung transplantation may be seen not 
as a curative therapy but more as a continuation along the 
spectrum of chronic disease which makes early palliative care 
interventions desirable and necessary. In addition, both the 
American Thoracic Society and American College of Chest 
Physicians support the involvement of palliative care in the 
care of patients with advanced lung disease [25].

Despite the recommendations for integration of pallia-
tive care, few patients get referred to palliative care ser-
vices after lung transplantation. In a survey of transplant 
pulmonologists and palliative care clinicians from the 
major US lung transplant programs with at least 15 lung 
transplant annual volume, 18 centers out of 27 contacted 
responded [26]. The survey indicated that on average, less 
than five patients per year were referred to the palliative 
care services from each center. Of note, 94% of palliative 
care referrals were made late in the disease trajectory, with 
average length of survival being less than 30  days after 
such referrals. Despite lung transplant clinicians endorsing 
palliative care in assistance with not only end-of-life dis-
cussions but also in providing family support, pain and 
symptom management, psychological support, and plan-
ning of care, 45% of lung transplant recipients still died in 
the intensive care unit (ICU) [26].

Co-management by palliative care of end-stage lung dis-
ease patients, both pre- and post-transplant, has demonstrated 
a decrease in symptom burden as well as an increase in goals 
of care discussions. Freeman et al. described that in a co-man-
aged palliative care and lung transplant clinic, patients expe-
rienced an improvement in their sleep and cough and a trend 
toward improvement in pain. Discussion of advance care 
directives occurred 74% of the time. All patients who were 
started on opioids pre-transplant for dyspnea and cough by the 
palliative care service discontinued opioids post-transplant, 
demonstrating effective management of dyspnea by the pallia-
tive care team [27]. Rosenberger et  al. suggested that by 
incorporating both palliative and restorative care as integral 
parts in a patient’s overall treatment, clinicians may better 

address patients’ distressing symptoms, prepare patients for 
pre- and post-transplant challenges, and address their chang-
ing needs throughout the disease trajectory [5].

 Palliative Care in Cystic Fibrosis and Lung 
Transplant

Patients with cystic fibrosis (CF) are unique in that they live 
with the possibility that they may die young [28]. 
Improvement in medical care has increased the median sur-
vival time in a patient with CF to 47 years of age in 2016 
[29]. As a result, among patients with CF, studies show that 
palliative care is often deferred in lieu of aggressive medical 
treatments that aim to sustain patients until transplantation 
[5], although most patients die prior to receiving a transplant 
[28]. Therefore, patients with CF are more likely to die in 
ICU without having ever discussed their goals of care [5]. 
Chapman et  al. have demonstrated that due to the unique 
nature of being diagnosed and living with CF, these patients 
were comfortable when questions of dying were raised early 
by medical staff, despite the reluctance of staff to discuss 
goals of care, deterioration, death, and dying [28]. In addi-
tion to questions about death and dying, patients with CF are 
living longer lives with significant symptom burden. In a pal-
liative care survey completed by patients with CF receiving 
medical care in a major academic institution, 24% of patients 
reported chronic pain and nearly one-half of these patients 
reported that pain interfered with general activity, enjoyment 
of life, and ability to exercise. Only 31% of patients com-
plaining of chronic pain had a treatment plan for pain. 
Unsurprisingly, patients reporting worse physical symptoms 
also had worsening lung function. In addition, 43% of 
patients reported that they frequently think about the impact 
of CF on their lives and 33% of patients reported that now or 
earlier was the ideal time to discuss end-of-life care. Despite 
the fact that 95% of patients reported that they felt comfort-
able talking to their CF team about end-of-life care, only 
25% had completed a healthcare proxy form, a living will, or 
other written instructions [30]. The disparity between the 
high amount of symptom burden and actual treatment of 
patients’ symptoms and discussion about their end-of-life 
care goals highlights an ample opportunity to improve care 
for patients living with CF. In addition, the disparity between 
patients’ reported comfort and eagerness for such discus-
sions as compared to providers’ discomfort and hesitancy 
demonstrates the need for increasing providers’ education 
and support regarding such discussions. The integration of 
palliative and active care throughout the life of a patient with 
CF would allow the patient, their family, and the team to bet-
ter adapt to the progression of the disease and to improve 
QOL in physical, psychological, and spiritual domains 
across the continuum of the illness experience [28].

A. Piotrowski and S. Imamura



521

 Palliative Care and End–Stage Renal Disease

There are four treatment modalities established for the man-
agement of end-stage kidney disease: hemodialysis, perito-
neal dialysis, transplant, and conservative care defined as 
management of end-stage renal disease (ESRD) without 
dialysis [31, 32].

In 2017, there was a total of 18,489 kidney transplant 
nationwide, with adults over the age of 65 representing the 
third largest age group receiving a kidney transplant with 3666 
transplants [18]. While a kidney transplant greatly reduces 
morbidity and mortality from ESRD compared to patients on 
the waiting list, larger benefits were seen for patients who 
were 20 to 39 years old [33]. Patients over the age of 70 did not 
achieve equal survival benefit compared to those on the wait-
list, until 2  months after transplant. Yet these patients are a 
growing segment of the population with ESRD. Chen et al. 
describe that this population has a 5-year mortality rate of 60% 
post-kidney transplantation [34]. In patients continuing dialy-
sis, the annual mortality rate is between 20 and 25%, and the 
majority of these patients die in acute care facilities without 
accessing palliative care services [35].

All patients with ESRD report high symptom burden 
independent of whether there are receiving dialysis or are 
transplant patients, and studies have shown that many 
patients have comparable symptom burden to those of 
patients with advanced cancer [36]. Despite the high symp-
tom burden and high mortality rate, especially for patients 
ineligible for transplant, few patients have knowledge regard-
ing their disease trajectory and palliative and hospice care 
services. In a survey of 584 patients with stage 4 and 5 
chronic kidney disease who presented to dialysis, transplan-
tation, or pre-dialysis clinics, only 17.9% felt their health 
would deteriorate in the next 12 months. Despite 60.7% of 
dialysis patients regretting their decisions to start dialysis, 
83.4% did not know about palliative care. Among these sur-
veyed patients, 65.6% reported being comfortable discussing 
end-of-life care with their nephrology staff, but only 38.2% 
had completed an advanced directive [32]. These studies 
demonstrated the need for integration of palliative care ser-
vices into the renal clinics to address patients’ symptoms, to 
provide support in decision-making around questions of con-
servative care versus further treatments such dialysis and 
transplant, and to complete advanced care planning.

Post-transplant patients may continue to have a signifi-
cant symptom burden. Afshar et  al. described a cross-sec-
tional symptom survey of patients in the United Kingdom 
who had received a renal transplant 1 year prior to comple-
tion of the survey. Of the 110 patients surveyed, seven symp-
toms affected at least one third of the population examined. 
These included weakness (55%), difficulty sleeping (45%), 
dyspnea (42%), anxiety (36%), drowsiness (35%), dissatis-
faction with body image (35%), and weight gain (33%) [37].

The Renal Palliative Care Initiative at Baystate Medical 
Center in collaboration with area dialysis and hospice cen-
ters describes an integrated palliative care service which 
included symptom assessment and management protocols, 
advance care planning, hospice referral, and bereavement 
services for all patients with ESRD. They have demonstrated 
an increase in advanced care directives completion from 6% 
to 32% [38]. Thus, given the previously described roles of 
palliative care to address ongoing symptoms pre- and post-
transplant, discuss goals of care, and support patients 
throughout their disease process, the integration of palliative 
care into renal clinics can allow for better management of 
symptom burden and delivery of patient- and family-driven 
care.

 Palliative Care and End-Stage Liver Disease

More people are affected by liver disease every year due to 
increased alcohol consumption, viral hepatitis, and obesity. 
Twenty percent of patients listed for liver transplant will die 
before a donor becomes available, and many patients living 
with cirrhosis are not eligible for transplant. End-stage liver 
disease (ESLD) represents a major cause of mortality and 
morbidity with 38,000 patients dying annually and is the sev-
enth leading cause of death in the United States [39]. In 
terms of QOL, patients with ESLD have a significant symp-
tom burden, suffer many complications, and require manage-
ment of a complicated medication and nutrition regimen 
[40]. The complexity of symptom management is particu-
larly highlighted in end-of-life care when patients may expe-
rience an average of 14 physical symptoms in the last month 
of care [41, 42]. In addition, some patients describe signifi-
cant distress waiting for a liver transplant including difficulty 
coping, loss of trust in medical personal, and uncertainties 
about their future [43].

Typically goals of care and prognosis discussions in 
ESLD occur too late and may not include the patient them-
selves. As described by Low et al. at a tertiary treatment cen-
ter in North London, United Kingdom, 77% of the time, the 
prognosis was discussed with family members, and 53% of 
such discussions occurred at or less than 34 days before the 
patient’s death. In most cases, the medical team and not the 
patient or their family members had completed DNR orders. 
Most patients died in the hospital and were referred to pallia-
tive care 5 days before death [41]. This study demonstrated 
that although patients were clearly in poor health, there were 
limited discussions to address their QOL, goals of care, and 
prognosis and that referral to palliative care was done too 
late in the disease process. Low et al. reported that the liver 
clinicians engaged in “reactive treatment at the expense of 
palliative care” and that palliative care was only discussed at 
the initiation of the patient and not the team [41]. 
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Unfortunately, this is not uncommon as it has frequently 
been reported that only 0.97–7.1% of patients with ESLD 
and 11% of patients removed from liver transplant lists 
received palliative care despite their uncontrolled symptoms 
[30, 41, 44, 45].

Several reasons for late referral to palliative care in 
patients with ESLD have been described. One of these is the 
unpredictable trajectory of liver disease, where patients may 
have frequent admissions and decompensations but may 
remain stable in between these exacerbations and only 
develop symptoms of ESLD abruptly. In addition, physi-
cians’ desire for active treatment may be secondary to their 
own perceptions of patient’s expectations, their misunder-
standing of palliative care, poor continuity of care, and per-
ceived lack of skill and confidence when discussing prognosis 
and palliative care with patients and their caregivers. Despite 
this, early palliative care referral is associated with better 
QOL and can decrease both patient’s affective and physical 
symptoms.

Waiting for liver transplant and receiving palliative care 
does not need to be a mutually exclusive process. Rossaro 
et al. describe a case of a 50-year-old man with ESLD sec-
ondary to hepatitis C who successfully received both pallia-
tive care services and was listed for a liver transplant [40]. 
While integration of palliative care into the transplant pro-
gram was met with patient and family barriers and physician 
reluctance, this new integrated model improved QOL and 
prepared the patient for end of life in case of not receiving a 
liver in time. Rossaro proposes that patients too sick for a 
liver transplant should be immediately referred to palliative 
care. Patients with an increasing Model for End-stage Liver 
Disease (MELD) score, signaling worsening liver disease 
and increasing symptomatology, should be referred concur-
rently to palliative care and liver transplant and thus be sup-
ported and prepared for any eventual outcome. This was also 
demonstrated in a study at the University of California in 
Davis where patients were jointly co-managed by hospice 
and hepatology and showed improvement in their MELD 
scores [43].

A study published by Baumann et al. [46] demonstrated 
that an intervention via incorporation of a longitudinal, mul-
tidisciplinary early palliative care into the pre-transplant 
evaluation at Albert Einstein Medical Center in Philadelphia 
improved moderate to severe symptoms such pruritus, appe-
tite, and fatigue in 50% of patients. Other improvements that 
were noted but were not statistically significant included 
pain, myalgias, sexual dysfunction, sleep disturbance, and 
dyspnea. In addition, depression symptoms improved in 
27.8% [46]. Moreover, 55.6% of patients established new 
healthcare power of attorneys and 17% completed advanced 
directives [46]. Other studies have also demonstrated that a 
palliative intervention for liver transplant patients can 

improve DNR status clarification from 52% to 81% [44]. 
Therefore, these studies demonstrate that palliative care 
interventions in liver transplantation provide improved 
patient QOL, decreased disease symptomatology, improved 
education and goals of care discussions, decrease in ICU 
length of stays, and improved communication and family 
satisfaction without impacting patient mortality [43].

 Palliative Care and Intestinal Transplant

It is estimated that two to three persons per million per year 
experience intestinal failure (IF), and 15% of them become 
candidates for intestinal transplant (ITx) [47]. Unique chal-
lenges in ITx include the large number of bacteria in the gut 
increasing the risk for post-transplantation infection and the 
large number of white cells in the bowel providing a strong 
stimulus for rejection. Due to these risks, ITx remains the 
rarest of organ transplants.

For the majority of patients with IF, total parenteral nutri-
tion (TPN) is the preferred treatment as patients can be man-
aged on home TPN for many years, and presently, long-term 
survival on TPN is superior to intestinal transplant for short 
bowel syndrome. In the first 1–2  years, the data varies on 
TPN’s superiority to ITx. While earlier studies showed 
promising short-term (1-year) patient survival after isolated 
intestinal transplantation of 88–92%, which is similar to sur-
vival on TPN, later studies reported more discouraging sta-
tistics of 77% 1-year survival [48–50]. Long-term survival 
after ITx is consistently found to be lower compared to TPN 
over the same time frame. The International Intestinal 
Transplant Registry in 1997 reported that a 5-year patient 
survival is only 50% after ITx, compared with 60%–80% 
5-year survival on TPN [51]. A review article by DeLegge in 
2007 reported a 5-year patient survival similarly at 49% [50]. 
Due to improved survival on TPN compared to intestinal 
transplant, ITx is not currently indicated for patients depen-
dent on TPN who are not experiencing complications.

For those experiencing complications on long-term TPN, 
intestinal transplant can be a life-saving procedure and is the 
only long-term solution. Additionally, ITx does provide a 
marked improvement in QOL with most patients consuming 
all their calories orally or via tube feedings and the majority 
returning to school and work. TPN is time-consuming, tak-
ing 10–16 h and up to 24 h to administer with the need for 
attachment to an intravenous pump. Not surprisingly, long-
term TPN affects one’s ability to work and maintain usual 
activities [52].

Due to its comparative infrequency to other organ trans-
plants, studies looking at palliative care interventions and 
needs specific to the intestinal transplant patient are lacking. 
The challenges faced by ITx candidates and recipients over-
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lap with the broader challenges of transplant patients magni-
fied by the unique challenges of the gut. Pre-transplant, ITx 
candidates have the highest mortality for those awaiting 
transplantation. The US Scientific Registry of Transplant 
Recipient Data reported mortality rates of 16% per year. 
Adults aged 35–65 awaiting small bowel and liver transplan-
tation have a mortality rate three to six times that of patients 
awaiting liver transplantation alone [53].

Additionally, there is not the same degree of conflict 
between QOL and maintaining optimal physical condition in 
patients awaiting ITx as compared to patients waiting for 
another solid organ transplant (SOT). TPN management, 
associated with such QOL concerns as complexity of cathe-
ter care and duration of administration, is critical in optimiz-
ing physical strength and resiliency for survival and 
recuperation from transplant surgery. This is in marked con-
trast to symptoms like air hunger seen in lung transplant can-
didates where palliative sedation with opioids can reduce 
this highly distressing symptom but also decrease level of 
activity or may even not be compatible with transplant list-
ing. Due to these issues, referral to palliative care is a realis-
tic and needed consult starting with the initial ITx 
evaluation.

Post-transplant, ITx patients need more intense immuno-
suppressive protocols than other SOT patients due to large 
size of the graft and the strong evoked immune response. 
Thus, opportunistic infections and neoplastic diseases are 
seen more commonly in ITx recipients compared to other 
SOT. Graft versus host disease (GVHD) is also more com-
mon in ITx than in other SOT due to the large size of the 
transplanted tissue creating a strong stimulus for an immune 
response [54]. The heavy immunosuppressant burden needed 
to prevent GVHD in turn leads to sepsis, the leading cause of 
death following intestinal transplant. Acute rejection is seen 
in 50–75% of patients, and chronic rejection occurs in up to 
10–15% of recipients [47, 55]. With longer survival, post-
transplant lymphoproliferative disease (PTLD) becomes a 
risk from prolonged immunosuppression and is a leading 
cause of death long-term in intestinal transplant recipients 
[56]. Thus, while quality of post-transplant life is markedly 
high with approximately 80% of surviving patients fully 
independent of TPN [48] and with a high rate of reduction in 
narcotic needs, transplant recipients still must deal with a 
chronic disease process with heavy immunosuppression ther-
apy, multiple complications, and hospitalizations and a grad-
ual deterioration in health over time. With all these challenges, 
palliative care can provide an invaluable service for both the 
pre- and post-ITx patients in understanding their illness tra-
jectory, clarification of the uncertainty around the relapsing 
and remitting course of the disease process, and assisting 
patients and families with planning around an intervention 
with low long-term survival rates [47, 48, 50, 56–58].

 Palliative Care in Hematopoietic Cell 
Transplantation

Hematopoietic cell transplantation (HCT) is a potentially life-
saving and curative intervention with high recovery rates. 
Bush et al. found that 1–4 years after HCT, 73% to 81% of 
survivors rated their overall QOL as good to excellent. By 
2 years after transplantation, 71% of survivors reported that 
they had recovered from their transplantation, up from 41% at 
6 months and 66% at 1 year [59]. At the same time, HCT still 
carries significant risk for acute complications and late effects 
including GVHD, organ toxicity, osteoporosis, infections, 
cataracts, secondary cancers, and infertility. In the case of 
hematological malignancies, patients also experience the side 
effects from high doses of chemotherapy including nausea, 
fatigue, mouth sores, extreme weakness, diarrhea, or consti-
pation. HCT procedure requires patients to spend several 
weeks in the hospital to help protect against increased suscep-
tibility to infections, possible need for blood transfusions, and 
monitoring/treatment for possible complications. Even after 
hospital discharge, the recovery process can take several more 
months before the individual is able to engage fully in life 
activities prior to the transplant. Additionally, despite the 
advancements in treating hematological malignancies, the 
threat of relapsed disease, progression of symptoms, and 
eventual mortality remain. For all these factors, the involve-
ment of palliative care both pre- and post-HCT and ongoing 
and active evaluations of one’s QOL are a vital part of man-
agement in patients undergoing HCT.

While one of the barriers in consulting and benefitting 
from palliative care has been its equation with end-of-life 
and hospice care, the concurrent involvement of palliative 
care with active treatment shows improved outcomes, includ-
ing decreased symptom burden during hospitalization and 
increased mood and overall QOL [60]. A randomized control 
trial in 160 enrolled patients by El-Jawahri et al. had pallia-
tive care provide guidelines for addressing nausea, pain, 
diarrhea, constipation, fatigue, insomnia, anxiety, and 
depression as well as meeting with the patient for at least 
four visits during the course of their hospitalization with two 
of the visits in the first 2  weeks of care. Palliative care 
involvement was associated with less decline in overall QOL 
and some improvements in depression and anxiety. 
Caregivers of patients who had been followed by palliative 
care reported better coping, improvement in administrative 
and financial QOL, and fewer depressive symptoms [61].

Currently palliative care services are elicited less fre-
quently in HCT and patients with hematological malignan-
cies as compared to SOT and other oncologies [66]. Howell 
demonstrated that patients with hematological malignancies 
were far less likely to receive care from palliative or hospice 
services compared to other cancers [62]. For the United States 
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specifically, the proportion of patients with all cancers 
receiving input from palliative care team is 59% versus 21% 
in specifically hematological cancers. Similarly, a US retro-
spective study by Cheng et al. showed that 11% of hemato-
logical patients accessed palliative care compared to 89% of 
patient with solid tumors [63].

The causes for the lower rates of palliative care involve-
ment in hematological malignancies vary considerably and 
reflect the heterogeneity in the indications for HCT. Factors 
like the belief that symptom burden in hemato-oncological 
patient is less than other oncological patients have not stood 
up in studies with hematological patients who experienced 
similar levels of pain and more drowsiness and delirium than 
other oncological patients [64]. The chronic trajectory of the 
illness with intermittent acuity creates strong bonds over a 
long duration of care with the hematology team. This may 
lead the patient and family to look to the hematology care 
team for both active treatment and palliative care needs and 
may reduce the hematology teams’ readiness to involve 
another specialty, particularly if referral to palliative care 
may signal too starkly the transition to terminal care. 
Alternatively, once advanced disease is identified, the rapid 
mortality of the condition compared to solid tumors may pre-
vent enough time to involve the palliative care team. Fadul 
et al. determined time from palliative care referral to death in 
hematological patients was 13 days as compared to 46 days 
in patients with solid tumors [64]. Given this rapid mortality 
of hematological malignancies, earlier involvement of pallia-
tive care can ease the transition from active treatment to end-
of-life care, provide education on clinical indicators of the 
dying process, and help patients and families better recog-
nize imminent death risk. Hematological patients are also 
more likely to die in the hospital setting which can be an 
added strain for patients and their families. End-of-life care 
in the home environment can be comparatively more com-
plex as terminal patients may require frequent transfusions. 
However, these challenges highlight the utility of palliative 
care involvement. Interventions such as transfusions can be 
performed in prearranged home visits rather than defaulting 
to day units. For those who have been mostly cared in the 
acute hospital but wish to pass at home, early involvement 
with palliative care can provide a much-needed familiarity 
and connection.

Given that the transition point between life-prolonging 
care and palliative phases of the disease can be difficult to 
predict or define, the focus on palliative care as distinct from 
end-of-life and hospice care in HCT patients is imperative.

 Conclusions
Early palliative care involvement in the transplant evalua-
tion and treatment process provides numerous advantages 
to patients, families, and care teams. In the transplant pro-
cess, palliative care teams can reduce symptom burden, 

improve caregiver support, offer education, clarify goals 
of care, and provide clear healthcare directives for loved 
ones and the care team. Even more importantly, early pal-
liative care involvement has demonstrated a survival 
advantage of 2.7 months for individuals with similar level 
of disease burden [65].

In contrast to common misperceptions among medical 
personnel, studies repeatedly have shown that patients 
welcome honest and early discussions around mortality 
and disease prognosis. Given the high morbidity and mor-
tality for organ and bone marrow transplant, the discus-
sion of end-of-life care is a realistic and needed part of the 
care plan and often comes too late in the disease process. 
When the goals of care change, palliative care can assist 
in the transition from active to comfort care while maxi-
mizing quality of life in the process. Studies have found 
no disadvantage or harm with involvement of palliative 
care [39], although limitations like cost remain a potential 
barrier, as the cost-effectiveness for palliative care 
involvement has not been adequately explored. However, 
palliative care services are available at most major institu-
tions where transplants are offered, making the barriers 
for early involvement of palliative care low compared to 
the strong benefits this service provides. The support for 
early and continuous involvement of palliative care 
throughout the transplant process is strong from many 
providers and continues to grow.
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Ethical Considerations in Transplant 
Patients

Nuriel Moghavem and David Magnus

 Introduction

As of April 2018, there are nearly 120,000 Americans wait-
ing for a transplant, without which they might die. The pro-
cess of getting organs to those Americans involves the 
procurement of high-quality organs from donors, selection 
and listing of patients in need of organs, and allocation of 
organs to those who have been listed. This requires a speedy 
process: organ quality is maximized when the time an organ 
spends between a donor and a recipient is minimized. In the 
case of living organ donors, clinicians must weigh in the tan-
gible risk to the donor versus the potential benefits to recipi-
ents. Therefore, behind the selection process, there is a 
complex set of ethical considerations, which must be seri-
ously considered.

Organ transplantation remains one of the most challeng-
ing issues in bioethics because it touches on so many already 
difficult subjects: end-of-life care, rationing, euthanasia, sur-
rogate decision-making, justice, financial conflicts of inter-
est, and the definition of death itself.

To understand the current model of organ donation in the 
United States (US), one must wrestle with each of these ethi-
cal considerations and understand both the consensus view 
and its problems. Only then can a provider be sure that they 
are honoring organ donors, optimizing the recipients, and 
allocating the organs in a just way.

 Section 1: Procurement

 Dead Donor Rule

Among the key philosophical tenets of transplant ethics is 
the dead donor rule. According to this rule, individuals must 
be declared dead before any vital organs are removed for 
transplantation. By this principle, it is permissible to donate 
a single kidney or a part of liver, for instance, because the 
removal of the organ does not cause death.

Some bioethicists and clinicians have suggested abandon-
ing the dead donor rule, allowing patients in specific circum-
stances to die as a result of organ procurement [1]. Doing so 
would be a special case of active euthanasia, whereby a phy-
sician intentionally causes the death of a gravely ill patient 
with the patient’s consent. This is in contrast to assisted 
dying, whereby a consenting patient with a grave illness 
causes their own death aided by a prescription by their physi-
cian. The active involvement of the physician to accelerate 
the dying process in euthanasia has proven to be an ethical 
hurdle in the United States, particularly for physicians. While 
countries such as the Netherlands, Canada, Belgium, and 
Colombia permit active euthanasia, in the United States, 
euthanasia is still considered a crime, and only certain states 
have permitted assisted dying. Indeed, euthanasia continues 
to lack public support in the United States, even as support 
for assisted dying has increased.

Though there are some bioethicists who disagree, a 
majority believe that the active process of withdrawing life- 
sustaining treatment is not considered morally equivalent to 
the active process of euthanasia. The dominant legal view is 
that once life-sustaining treatment – such as a ventilator – is 
discontinued, the patient continues on the trajectory they 
would have otherwise followed without it, which is often a 
natural death. At this point, patients may become donors.

Many argue that the dead donor rule is necessary to pre-
serve public trust in the medical system and that allowing 
death by organ procurement may introduce incentives to 
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obtain viable organs from vulnerable patients [2]; critics 
point out that this already has illegally occurred in some 
instances, even with the dead donor rule in place. Critics of 
the dead donor rule predominantly rely on utilitarian argu-
ments. They point out that abandoning the rule would 
increase the donor pool by allowing donation in cases where 
the patient does not meet death criteria but does not have 
prognosis for meaningful life [3–6]. In addition, they reject 
the deontological objection to euthanasia, arguing that the 
potential value of the organs and the wishes of the patient 
override the imperative not to actively cause the death of 
another person.

Those who argue for the abandonment of the dead donor 
rule also point to another tenet of end-of-life ethics: the doc-
trine of double effect. Many patients at the end of life experi-
ence tremendous pain, air hunger, or other discomfort. 
Patients may require increasing doses of pain medications, 
even if those doses are likely to hasten death. If medicines 
are given with the intention to treat symptoms, not the inten-
tion of causing death, death can be considered a side effect of 
a palliative treatment and, therefore, a foreseeable but unin-
tended consequence of pain relief. Those who want to aban-
don the dead donor rule see the well-established doctrine of 
double effect as a fiction that makes euthanasia de facto per-
missible. Abandoning the dead donor rule is a logical next 
step [7] for these individuals.

 Defining Death

The centrality of the dead donor rule to the availability of 
viable organs for transplant means it is important for clini-
cians and for society to clearly define death. New technolo-
gies for prolonging life complicate this discussion: 
historically, death was a unitary phenomenon. The advent of 
ventilators, ventricular assist devices, dialysis, feeding tubes, 
and other such technologies has allowed for the support of 
life despite the loss of a critical organ. In this way, a perma-
nent loss of function can be masked.

In particular, life-sustaining treatments can mask irrevers-
ible loss of brain function as a result of stroke, trauma, or 
other devastating neurological injury. In 1968, an ad hoc 
committee at Harvard Medical School created a definition 
for brain death: a series of examination-based criteria that 
could determine whether patients were in an “irreversible” 
coma [8]. Despite having a heartbeat and pulmonary or some 
other bodily function supported by technology, these patients 
could be considered dead if they had no demonstrable brain 
activity. Brain death as a new criterion for death would allow 
the withdrawal of respiratory and other support in brain-dead 
patients and, in consenting families, or patients who have 
provided first person consent, would provide a source of 
high-quality organs for society.

However, the ad hoc committee identified an incongruence 
with contemporary US case law regarding the definition of 
death, which was then understood to mean the end of circula-
tory function. The incongruence was solved in 1981, when 
The President’s Commission for the Study of Ethical Problems 
in Medicine and Biomedical and Behavioral Research pub-
lished Defining Death, including a recommendation that “a 
statute is needed to provide a clear and socially- accepted basis 
for making determinations of death.” [9]. This became the 
Uniform Determination of Death Act (UDDA), which was 
quickly adopted by all 50 states (45 by statute, 5 by case law).

The UDDA states, “An individual who has sustained 
either (1) irreversible cessation of circulatory and respiratory 
functions, or (2) irreversible cessation of all functions of the 
entire brain, including the brain stem, is dead. A determina-
tion of death must be made in accordance with accepted 
medical standards.” Some states did include caveats, for 
instance, New Jersey allows religious objection to override 
determination of death. California allows a “reasonably brief 
period of accommodation” between brain death determina-
tion and withdrawal of life-sustaining treatment for family or 
next-of-kin to gather.

Each of the two definitions of death codified in the UDDA 
has faced criticisms and complexities of their own which will 
be discussed in-depth below.

 Donation after Cardiac Death

In line with the definition of cardiac death in the UDDA, 
donation after cardiac death (DCD) refers to a procedure, 
whereby organs are surgically procured following pro-
nouncement of death due to irreversible cessation of circula-
tory and respiratory functions.

The typical patient who becomes a DCD donor is one who 
is severely ill and on life-sustaining treatment, usually in the 
intensive care unit. In this setting, the removal of life- 
sustaining treatment, declaration of death, and initiation of 
organ procurement can happen quickly to preserve organ 
quality. Organs may not be transplantable in a donor who died 
at home overnight, for instance, because a prolonged lack of 
blood flow has led to extensive cell death within the organ.

Most DCD policies allow the family to be present until 
the patient’s “final moments” and occasionally allow a clear 
wish to be communicated by the patient to be a donor. 
However, several elements of the DCD process should be 
highlighted, as they are ethically complex and potential areas 
for conflict. Here, those elements will be presented in the 
order they may arise in the DCD process.

Decision to Withdraw Life–Sustaining Treatment
Organs available for transplant are deeply valuable not only 
to potential recipients but also to the providers who take care 
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of those recipients and perform the difficult transplantation 
procedure. It is obviously wrong for a provider or hospital to 
coerce a family into withdrawing life-sustaining treatment in 
order to facilitate DCD.  For that reason, it is incredibly 
important that no provider be seen as encouraging a patient 
or her family into withdrawing life-sustaining treatment 
explicitly because organ donation may be a benefit. While 
that benefit is clear, the possibility that such an encourage-
ment could be seen as coercive is very real.

The decision to withdraw life-sustaining treatment must 
be made entirely independent of the decision to donate 
organs, unless the patient or their family first bring up the 
possibility of organ donation on their own. In cases when 
neither the patient nor their surrogate raises the possibility of 
DCD, providers must not breach the topic or initiate a dis-
cussion on the cessation of life-sustaining treatment for the 
purpose of facilitating the donation process.

Evaluation of Patient as Potential DCD Donor
Once a family has decided upon removing life-sustaining 
treatment, it is appropriate for providers to evaluate the 
patient as a potential DCD donor. Importantly, those caring 
for the potential donor may not be the same providers for a 
potential recipient, as this would introduce significant con-
flicts of interest regarding their duties to both subjects. 
Medical facilities typically have predefined medical criteria 
for donors, which usually require that donors are deemed 
likely to die within a reasonably short period after cessation 
of life-sustaining treatment. Ideally, an ethics consultation 
would be incorporated into the process at this time.

Organ Procurement Organization (OPO) Obtains 
Informed Consent
Once providers have deemed a patient to be an appropriate 
candidate medically and there are no conflicts of interest 
(e.g., concern that asking about donation could have a nega-
tive impact on care of the patient), an OPO gets involved. An 
OPO is a nonprofit organization that performs donor and 
recipient management and streamlines the surgical processes 
to ensure maximum efficiency while standards are followed. 
The rule is that the OPO, not the potential donor’s provider, 
will approach the patient and their family and gauge their 
level of interest in organ donation. They are responsible for 
discussing the entire procurement process with surrogates, in 
particular, what efforts will be made before procurement to 
preserve and optimize organs. Ideally, they will also discuss 
what happens if the patient does not die as anticipated, within 
1–2 h of the removal of life-sustaining treatment.

Life-Sustaining Treatment Is Withdrawn
Once the family has agreed to donate their loved one’s organs 
and an appropriate recipient is located, the DCD donor is 
taken to the operating room. It is possible, at this point, to 

administer pharmacological agents to the donor, designed to 
aid in the viability and preservation of organs after they are 
procured. This is part of the potential ethical issue, as these 
medications are expected to provide benefits to the recipient 
but provide no meaningful benefit to the donor. Some ethi-
cists criticize such a practice as it represents an invasive 
intervention on the still-living future donor. A provider’s pri-
mary fiduciary duty is to care for their patient. If the patient 
is also a donor, there is the potential for a conflict between 
this duty and the ancillary duty to act in such a way as to 
maximize organ recovery.

It is not clearly unethical to provide non-beneficial treat-
ment, particularly if there are extenuating circumstances, 
such as this one. From a utilitarian perspective, the adminis-
tration of pre-recovery medications to improve procured 
organ quality, probably, has a net societal benefit. If a pro-
vider wishes to administer interventions of this kind, an 
informed consent must be obtained from the donor’s family, 
detailing the potential benefits to the donated organs and any 
expected side effects, if any, to the donor.

Usually, the family of the donor says their final goodbyes 
and is asked to leave the operating room between the with-
drawal of life-sustaining treatment and final declaration of 
death.

Determination of Death
On the surface, determination of circulatory death seems like 
it should be one of the simpler elements of the DCD process. 
In reality, it is one of the most contentious aspects of the 
process.

The UDDA defines circulatory death as the “irreversible 
cessation of circulatory and respiratory functions.” The source 
of greatest debate surrounds how to define “irreversible.” Does 
irreversible mean “impossible to reverse” or “unlikely to 
reverse” or when surrogates or providers have “chosen not to 
reverse”? Bernat has referred to the latter situation as “perma-
nent cessation” of circulatory and respiratory functions, rather 
than “irreversible” loss [10]. Is the former sufficient to meet 
the legal and ethical requirements of the dead donor rule? 
Bernat has argued that it is a “perfect” surrogate for “irrevers-
ible cessation,” but is this justified? How long does one wait to 
be sure that cessation is “permanent” or “irreversible”?

Human hearts have the capacity to spontaneously regain 
function after they have stopped beating for a few minutes, a 
process known as autoresuscitation or, more poetically, the 
Lazarus phenomenon [11]. While the literature on this pro-
cess is scant, and its occurrence may be associated with car-
diopulmonary resuscitation (CPR), which is not performed 
on organ donors, there are documented cases in adults of 
continuous electrocardiogram (EKG)  registering a return of 
electrical heart activity up to 7 min after its initial cessation. 
There are also case reports of autoresuscitation in children, 
up to 25 min after loss of pulse, though these did not benefit 
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from confirmatory EKG monitoring and were associated 
with CPR [12].

In practice, most transplant centers have adopted a safe 
“wait time” between the end of heart activity and the initiation 
of organ procurement to minimize any possibility of autoresus-
citation, typically between 2 and 5 min (with the Institute of 
Medicine recommending 5 min). At that time, the likelihood of 
the heart regaining pulse is very low, and death is declared.

Two protocols in the last decade have caused controversy 
for pushing the limits on DCD.  The first is a protocol pio-
neered at the University of Michigan which utilizes an extra-
corporeal membrane oxygenation (ECMO) machine to 
oxygenate, warm, and circulate blood through abdominal 
organs after declaration of circulatory death. Under this proto-
col, blood flow is blocked above the diaphragm by means of a 
balloon catheter, and tissue in the heart and brain continues to 
wither from ischemia, while organs like the kidneys and liver 
are continuously perfused. This protocol meets all standards 
of both brain and circulatory death while maintaining excel-
lent tissue quality in abdominal organs bound for transplanta-
tion but raises two key ethical questions. The first is alluded to 
in the previous section regarding interventions performed on 
the donor prior to the withdrawal of life- sustaining treatment: 
the ECMO protocol requires the placement of arterial cathe-
ters in the donor prior to death, an invasive procedure, which 
provides no benefit to the patient. If the ECMO protocol is to 
be followed, family members will need to understand this 
aspect and consent to it in an informed manner. The second, 
which remains unresolved, is whether a protocol that restarts 
circulation and vital function of half the body constitutes a true 
irreversible cessation of circulatory function.

The second protocol was developed by pediatric heart 
transplant surgeons in Denver in 2008. Under their protocol, 
they transplanted one pediatric heart after 3 min of heart func-
tion cessation and two hearts after 75 s [13]. This protocol 
was controversial for two reasons. The first, mentioned briefly 
above, was whether a heart can ethically be transplanted after 
DCD; it stands to reason that a heart capable of functioning in 
a recipient may not fit a certain definition of “irreversible” 
cessation of function in the donor [14]. Supporters of this pro-
tocol would argue that a decision by the parents not to reverse 
any cessation of function is equivalent to irreversibility of 
function in the donor (autoresuscitation notwithstanding). 
Opponents would say that performing a heart transplant from 
a DCD patient is a suspension of the dead donor rule, since 
the donated heart has proven itself to have reversible loss of 
function, and therefore the donor was not dead. However, the 
focus of the rule is on the donor’s irreversible loss of circula-
tion, which could be compatible with circulation being 
restarted by the same heart in a different individual.

The second controversy is the 75-s waiting time utilized 
by the transplant team, well under the 2–5-min minimum 
recommendation from a number of different clinical and 

ethical societies and institutes. The transplant team argued 
that autoresuscitation has never been definitively proven 
after 60  s in a child, so 75  s was a prudential wait time. 
Opponents argued that the data on autoresuscitation are thin 
that unverified case reports exist of longer times before 
resumption of heart function, and therefore, more extensive 
study is required to safely declare death before 2 min [15]. If 
the period of waiting was not long enough, the patient was 
not dead at the time of procurement.

The declaration of death of the donor in DCD, especially 
given technological advances, is indeed one of the most com-
plicated points in the process from an ethical standpoint.

The Organ Procurement Process
At this point, the surgical team, typically an outside trans-
plant team responsible for the recipient’s care, will begin the 
procurement process. To ensure no conflict of interest, the 
surgical team performing procurement has no role in either 
the care of the donor before their death or in the declaration 
of death itself. In most cases, the surgical team is not allowed 
into the operating room at all until the declaration of death. 
In one controversial case, described in closer detail in our 
section on “Conflicting Ethical Obligations in the Care of an 
Organ Donor,” a transplant surgeon was accused of adminis-
tering medications to a donor who was taking longer than 
expected to pass away in order to hasten his death [16].

 Donation after Brain Death

As previously discussed, the dead donor rule stipulates that a 
donor must be dead before their organs can be harvested and 
that death can be declared by one of two avenues under the 
UDDA: cardiac death and brain death. Brain death is defined 
as the “irreversible cessation of all functions of the entire 
brain, including the brain stem.”

Candidates for donation after brain death (DBD) have 
usually experienced a devastating neurological injury such 
as a ruptured aneurysm, suffocation, or trauma from a motor 
vehicle accident or a gunshot wound. Organs procured from 
brain-dead patients are often of higher quality than those 
coming from DCD patients. Because donors who have suf-
fered brain death usually still have a heartbeat and are often 
under continuous ventilation in the hospital, their organs 
have not experienced anoxic injury. Moreover, since death is 
determined without any wait time, those organs can remain 
perfused until the very moment they leave the donor’s body.

Brain death can often be difficult to understand, both for 
providers and for families. The patients appear warm, 
relaxed, and their hearts beat independently – for many, these 
are signs of life. For this reason, many of the controversies in 
DBD deal with the very definition of brain death, rather than 
the process of obtaining organs (as in DCD).
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Defining Brain Death
The definition of death in the UDDA, as discussed previ-
ously, stemmed from the findings of the Harvard ad hoc 
committee on irreversible coma.

Today, brain death is determined through the brain death 
examination, which has a well-accepted protocol established 
by the American Academy of Neurology [17]. A simplified 
description of the steps is as follows:

 1. Diagnose coma by showing that the patient is nonverbal 
and has no eye or motor response to noxious stimuli.

 2. Establish a known irreversible cause for coma.
 3. Correct conditions, which may adversely influence the 

brain death evaluation, such as hypothermia, hypoten-
sion, and metabolic derangements. Stop all medications 
that may similarly affect the brain death examination such 
as sedatives, paralytics, and anticonvulsants.

 4. Demonstrate absence of brain stem reflexes, such as 
pupillary, oculocephalic, oculovestibular, corneal, and 
gag reflexes, as well as primitive reflexes, such as rooting 
or sucking.

 5. Perform apnea testing by oxygenating the patient to 100% 
and then turning off the ventilator: If no respirations are 
seen and the blood concentration of CO2 increases, 
patient is brain dead.

 6. If no respirations are observed, but the patient is unable to 
do an apnea test or arterial CO2 does not drop, perform an 
electroencephalogram (EEG) or radionuclide cerebral 
blood flow test.

Chief Criticisms of Brain Death Determination Method
The primary criticism of brain death is that it is a socially 
constructed legal fiction, much like legal blindness, for the 
permissibility of organ transplantation under the dead donor 
rule [18, 19]. Just as we legally define blindness as 20/200 or 
worse, rather than total absence of sight, so too brain death is 
a fiction.

Early elucidation of the concept of brain death focused on 
the brain’s centrality in integrating functions required for 
life: in the absence of brain activity, that integration falls 
apart, which is incompatible with life. The position espoused 
in the original 1981 account of brain death argued that death 
is a unitary phenomenon with two criteria. Both loss of cir-
culatory and respiratory functions and loss of brain function 
lead to the loss of the organism as a unified whole. However, 
critics point out that patients who have been determined to be 
dead by neurologic criteria continue to show a range of con-
tinued complex, integrated biological functions: they can 
regulate body temperature, secrete hormones, heal cuts, chil-
dren can grow, and gestating mothers can continue to carry 
their pregnancies. These critics argue that it is false to claim 
that these bodies cease to function as integrated wholes.

Furthermore, because temperature and hormonal function 
often continue undisturbed, there is evidence that the hypo-
thalamus, a deep brain structure, retains some activity. If this 
is the case, can it be said that there is “cessation of all func-
tions of the entire brain,” as the UDDA stipulates? In prac-
tice, the AAN requirements evaluate the loss of the function 
of the brain stem and the cerebral cortex. Hypothalamic 
functioning is not evaluated (and would be practically impos-
sible to do in a reliable and time effective way).

In response to these observations, the President’s Council 
on Bioethics issued a report in 2008, which reframed the 
discussion: it is not the integrative function of the brain, 
which is important, but whether the individual is “no longer 
able to carry out the fundamental work of a living organism. 
Such a patient has lost – and lost irreversibly – a fundamen-
tal openness to the surrounding environment as well as the 
capacity and drive to act on this environment on his or her 
own behalf” [20].

That council report has also been criticized by those who 
point out that the definition put forward by the President’s 
Council is perhaps too broad and would include those in veg-
etative states, for instance.

Therefore, there is great disagreement on whether there is 
a biological basis for the idea of brain death. What almost all 
bioethicists agree on, however, is that the patient who is 
brain dead has ceased to exist as the person they once were. 
What even more agree on is the idea that brain death serves 
an overall social good, in that it permits transplantation of 
high-quality organs [10, 21, 22].

In that vein, the dominant ethical opinion at this time is 
that there is insufficient evidence or public interest in chang-
ing the definition of brain death. While there are disagree-
ments about its philosophical underpinnings, there is no 
clear reason to change the legal definition of brain death, be 
it a “legal fiction” or not. A less realist approach argues that 
the perspective of both the defenders and critics of brain 
death err in believing that “death” names a natural kind [23]. 
An alternative to this perspective is to recognize (as Ron 
Green has argued regarding the beginning of life) that bio-
logical occurrences are processes rather than events [24].

Thus, the decisions need to be made to determine moral 
and legal status (i.e., when is someone a person with both 
ethical and constitutional rights) as well as to clarify the 
metaphysical issue (i.e., when did your existence start and 
when does it end). Just as there is no biological event that 
one can point to that clearly determines when personhood 
starts, there is no point where we are required to say that the 
person’s life has ended. Dying is a process. As some organ 
system fails, others will follow. At some point, every cell will 
die and rigor mortis will set in.

The legal line between life and death needs to be drawn at 
some point, and the line as currently drawn is well supported. 
There are good practical grounds for drawing the line where 
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it is currently. The clinical criteria are clear, relatively easy to 
follow, and can be applied in a timely way. Moreover, to date, 
when applied correctly, there have been no false positives (no 
brain-dead patients have recovered). These individuals have 
irreversibly lost all that made them who they were.

In contrast, while one could argue that permanently veg-
etative patients have suffered similar loss of identity, a per-
manent vegetative state is harder to diagnose accurately, 
cannot be diagnosed in a timely fashion (e.g., for traumatic 
brain injury it takes a year to definitely state that the condi-
tion is permanent), and will not be a practical way of distin-
guishing life and death.

In short, we should continue with the criteria that practi-
cally seem to work. This does not mean brain death is a “fic-
tion” in any way that matters; only that it is conventionally 
defined. Our current nosology is clearly conventional rather 
than real; in parallel, we at times define diseases by sets of 
signs and symptoms, at other times by their physical causes, 
and often based in historical notions. Nevertheless, a patient 
still has the flu. And brain death is still death [23].

 Conflicting Ethical Obligations in the Care 
of an Organ Donor

Care must be taken in organ donation to manage often con-
flicting or competing ethical obligations. From the stand-
point of the physician, the challenge is balancing the absolute 
responsibility to one’s patient while pulled by the opportu-
nity to save the life of another through organ donation.

Physicians do not have an obligation to extend the life of 
a patient indefinitely. They may recommend the cessation of 
life-sustaining treatment if it is assessed to be futile or per-
haps against a patient’s wishes, but that recommendation and 
those assessments can be colored by the opportunity for 
organ donation. Several steps are taken to mitigate these 
competing obligations, including the inclusion of an OPO as 
a third-party entity that discusses donation with donors, 
selects recipients, and organizes the transplantation process. 
In addition, donation is never discussed until after the deci-
sion is made to withdraw life-sustaining treatment, or a 
patient is declare dead; in this way, a physician will never 
feel compelled to recommend withdrawal of care, since the 
family’s perspective on donation will not be known.

There are also conflicting obligations created by the pro-
curement process itself and the inclusion of multiple care 
teams. The case of Ruben Navarro, a developmentally dis-
abled 25-year-old, and transplant surgeon Dr. Hootan 
C. Roozrokh in 2008 illustrates these competing obligations 
[25]. Mr. Navarro’s family had agreed to donate his organs 
after cardiac death, and life-sustaining treatments were 
ceased. The hospital essentially treated this case the way 
they would have treated a brain-dead patient. They withdrew 

life support and sent the patient to the OR for procurement. 
However, the patient was still alive. The hospital seems to 
have stopped managing the patient, just as they would for a 
brain-dead patient, and thus they turned over care to the sur-
geons who were brought in to do the procurement. However, 
since Mr. Navarro did not pass away quickly, and the hospital 
was not managing the patient, Dr. Roozrokh, the procuring 
surgeon (who should have no role in interacting with the 
patient until after the patient had expired), stepped in and 
began managing the still living patient. In the end, he did not 
die quickly enough for procurement to move forward, and 
the patient was sent back to the floor where he passed away 
many hours later. Dr. Roozrokh should clearly never have 
been involved in caring for the patient while he was alive. He 
was accused though ultimately found not guilty of adminis-
tering intravenous medications (including Betadine, an anti-
septic) to hasten Mr. Navarro’s death [26]. But it is 
understandable how confusing DCD can be for both the 
treatment teams and the procurement teams, since their roles 
are so radically different for DCD versus brain death pro-
curements (which are much more common).

 Opt–In Versus Presumed Consent  
Donation Models

One of the most publicly debated elements of transplant eth-
ics, especially with regard to procurement, is the opt-in vs. 
presumed consent models of identifying a potential organ 
donor. In an opt-in system, much like the United States has 
today, an individual has affirmatively stated during life that 
they would like to be an organ donor in order to become one. 
In a presumed consent model, such as in Spain, an individual 
is automatically considered a donor, unless during life, they 
stated that they would not want to be one.

Advocates for an opt-in system argue that it preserves 
individual decision-making and protects marginalized com-
munities, which may not have access to opt-out mechanisms 
in a presumed consent model. In addition, even in an opt-in 
system, families of the deceased have substantial decision- 
making ability over donation, including, in some states, the 
ability to reverse the organ donation decision of their 
deceased family member. Moreover, there is still much 
opportunity to raise the rate of organ donation through 
improved education and community engagement.

Opponents of an opt-in system, who advocate for a pre-
sumed consent model, argue that it affords a sure mechanism 
to raise the organ donation rate, which provides massive ben-
efits to the public. They also argue that a presumed consent 
model accurately reflects positive public sentiment for organ 
donation and would, therefore, allow donation from an indi-
vidual who may have wanted to become a donor but never 
expressly articulated the sentiment to friends or family.
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In a controversial case in Ohio, in July 2013, the parents 
of Elijah Smith objected to having his organs procured, 
though he has provided a first-person authorization through 
the DMV. The organ procurement organization prevailed in 
litigation, but this has led some to question the validity of the 
consent process involved in first-person authorization [27]. 
The full range of risks and complications are not typically 
disclosed, and some have argued that the information pro-
vided by UNOS is actually misleading [28, 29].

There is some evidence that communities using presumed 
consent have, on average, higher rates of organ donation than 
those which use an opt-in, explicit consent model [30, 31]. 
However, it is not known if that is simply a reflection of 
existing pro-donation attitudes and conditions locally which 
predispose to both donation and the development of opt-out 
policies. In other words, it is not clear that changing from an 
opt-in system to one of presumed consent causes a signifi-
cant change in the donation rate.

 Section 2: Listing

While many of the controversies in organ transplantation 
occur at the level of the donor and the procurement of their 
organ, there are additional complexities at the recipient level. 
The overall shortage of every transplantable organ necessi-
tates waiting lists, and the question of who is eligible for a 
place on a waiting list (or who may circumvent such a list) 
becomes a difficult one. The question of how such lists are 
organized will be discussed in the third section of this chap-
ter on organ allocation.

In general, either recipients get their organs from a known 
individual (i.e., directed donation) or they get their organ 
from a stranger (i.e., altruistic donation). Directed dona-
tion circumvents the transplant list, while those receiving a 
deceased donor organ or an altruistic living donor must wait 
until one becomes available. We will first discuss directed 
donation, including its many manifestations and opportuni-
ties for abuse, before discussing listing controversies.

 Directed Donation: Opportunities for Abuse

In directed donation, an individual who needs an organ can 
identify a relative, a friend, or a known community member 
willing to donate their organ; that organ is then procured in 
short order from the willing donor and transplanted into the 
recipient. The key requirements in directed donation, beyond 
normal medical and evolving psychosocial criteria, are that 
(a) the recipient is able to identify a donor, (b) the donor 
freely agrees to donation to the recipient, and (c) there are no 
medical or psychosocial contraindications to proceed with 
transplantation.

The ability to name a recipient has become very easy with 
the advent of the Internet, which has ushered in an age of 
previously unknown social connectivity. Organizations like 
the now-defunct LifeSharers connected donors and recipi-
ents online; while they were frankly unknown to each other 
on a personal level, donor and recipient did know each oth-
er’s names, and were therefore able to circumvent a waiting 
list and perform a directed donation.

There have also been rare cases of racially driven 
attempts at directed donation. In 1990, Thomas Simons of 
Tampa, Florida, a Klu Klux Klan sympathizer, was shot and 
killed by a black teenager. His family chose to make his 
organs available for transplant, but only to white recipients, 
and the OPO complied with those wishes [32]. In 1999, a 
British citizen made the same request in England, and the 
National Health Service complied with the request [33]. 
Notably, in neither of these cases was the donor able to 
name a recipient  – they simply stipulated what race they 
must be.

Somewhat related are several faith-based virtual networks 
that connect organ donors and recipients of the same religion 
for the purposes of facilitating directed donation. One such 
organization is the Brooklyn-based Renewal, which con-
nects Jews for the purpose of providing names and connec-
tions to allow for directed donation [34].

In these cases, a long waiting list is circumvented when 
a compatriot of some form, whether it be someone truly 
known to a recipient or merely someone of the same reli-
gious or racial background, is willing to narrow the poten-
tial field of recipients. While a brother donating an organ 
to his sister raises no red flags, the Klu Klux Klan case is 
clearly more problematic. In the case of renewal, it is likely 
that their activities identify donors who may not otherwise 
have considered donating a kidney at all and, therefore, lead 
to an overall increase in the available organ pool. However, 
where should the line be drawn? This is an area of active 
debate, but, for now, the only limitation on an otherwise 
acceptable live donor remains that a donor be able to name 
their recipient.

 Solicitation

Closely related to the establishment of virtual networks for 
connecting donors and recipients is the issue of recipients 
actively searching for donors. Should individuals in need of 
an organ and wanting to circumvent the waiting list be able 
to advertise to the public in search of a directed donor? 
Should celebrities?

There are several examples of this occurring, perhaps the 
most famous of which is of Todd Krampitz of Houston, 
TX. Mr. Krampitz was fairly low on the organ transplant list. 
However, after his family leased two billboards on busy 
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Houston roads advertising his need for a liver, an anonymous 
donor emerged after just a week. Mr. Krampitz received his 
new liver and died 8 months later [35]. The actual cause of 
death is not known.

The highest-profile case of organ donation solicitation by 
a celebrity comes from Ottawa, Canada, where the billion-
aire hockey team owner of the Ottawa Senators, Eugene 
Melnyk, issued a public call for an organ donor at a press 
conference after going into liver failure. An anonymous fan 
donated his organ, stating that all he wanted was “to help Mr. 
Melnyk return to good health, to enjoy his family and friends, 
and most importantly to bring the Stanley Cup home to the 
Ottawa Senators.” The transplant appears to have been suc-
cessful [36].

While it is easy to understand why a patient who will die 
without transplant might make a public plea for an organ 
donor, several ethical issues are raised by the practice. While 
free speech laws in the United States mean that such advertise-
ments cannot be banned, more widespread use of organ trans-
plant solicitation could give wealthier or more famous patients 
an advantage in obtaining organs. This would lead to a bias in 
distribution of organs and an inequality of access to organs.

In addition, the transplant list is thought to be fair, opti-
mizing recipients for the urgency of their need and their abil-
ity to do well with a new organ and making the best use of 
the scare resource. Circumventing the list allows for patients 
like Mr. Krampitz, who was likely known to have a poor 
expected outcome after transplant, to get a liver which may 
have otherwise gone to a recipient that would have lived lon-
ger with it.

 Organ Donation Markets

The existence of an organ transplant list is a function of the 
deficit of available organs. One policy proposal that would 
likely eliminate a waiting list for kidneys is an organ dona-
tion market. Many have argued that financially compensat-
ing live donors would be a powerful inducement to transplant 
and would greatly boost the number of available organs. It 
would be an efficient and market-based solution to the dire 
need for more kidneys, though it would have some serious 
ethical hazards.

Only one country currently has a market for kidneys: Iran. 
There, an Iranian may be paid to donate a kidney to another 
Iranian (transplant tourism is forbidden), and typical rates 
run between $2000 and $4000 [30, 37]. Iran was able to 
eliminate its kidney waiting list within 10  years with this 
model, though it is important to note that, unlike the United 
States, healthcare is government-run in Iran.

There are some concerns about establishing an organ 
transplant market in the United States, most having to do 
with the concept of justice and equity. The current model of 

organ donation does not allow financial compensation, and 
the financial standing of the potential recipient is not directly 
considered (though it may be an indirect factor, given a 
largely income-based insurance model, which may discrimi-
nate against the very poor, and the opportunity for listing in 
multiple states that advantages the very wealthy, both dis-
cussed in greater detail later).

An organ donation market would greatly benefit those 
able to purchase a new kidney and would likely then harm 
those unable to afford it, creating a significant imbalance in 
the system and funneling available organs to those who can 
“buy” them while depleting available organs to the general 
list. Moreover, there are ethical concerns regarding the social 
justice effects of such policy change, creating a significant 
drive on impoverished Americans now having an incentive to 
donate organs in order to pay off debts or make some money 
for short-term purposes, without much concern about the 
long-term health effects of such decision. For example, in 
Iran, 58% of donors reported negative health outcomes after 
donation and 65% reported problems finding employment 
after donation [38]. In India, where a robust black market for 
kidneys exists, 96% agree to donate to pay off debts, but 79% 
later say they would not recommend that someone else do 
the same, perhaps indicating a high level of regret. Most 
Indians surveyed also had worse economic status after dona-
tion than prior to it [39, 40].

 Listing at Multiple OPOs

In addition to controversies over directed donation, in which 
individuals seek to circumvent the waiting list in order to get 
an organ sooner, several ethical issues exist for those who 
remain waiting on an organ transplant list.

Perhaps the most well-known is the practice of a potential 
recipient listing at multiple transplant centers. While listing 
at multiple transplant centers in the same region would con-
fer no advantage, listing at transplant centers across the 
country could offer a significant advantage, especially in 
areas with shorter wait lists. This practice clearly offers an 
advantage to those with significant financial means, as there 
are significant economic implications on the need to travel 
and stay at each of the transplant centers where a given recip-
ient wants to be listed at. In addition, there is the issue that 
one must be able to rapidly travel to the other state when an 
organ becomes available, which requires either access to a 
private plane or the funds to acquire a last minute, rather 
expensive plane ticket.

Perhaps the most well-known case of multiple listing 
relates to former Apple CEO and Founder Steve Jobs, who 
chose to list in his home state of California (6-year average 
wait for a liver) and in Tennessee (3-month average wait). He 
was able to take a jet from Northern California to Tennessee 
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when a liver became available and was successfully trans-
planted [41].

While multiple listing is relatively rare (e.g., around 5% 
of potential recipients are listed at multiple transplant cen-
ters), it raises the question of whether it gives those with 
financial means an unfair advantage. A more impoverished 
resident of California would not have the means to get to 
Tennessee in time for an organ and would, therefore have to 
stay on a 6-year waiting list, where they may not survive.

 Listing of Cognitively Impaired Patients

The current transplant system seeks to enhance equity, by 
giving all people an equal shot at getting an organ, and effi-
ciency, by optimizing the number of years that can be expected 
to be gained by transplant in the right person. However, the 
current system does not consider the post-transplant quality 
of life or productivity of a recipient or whether they can be 
expected to appreciate those additional years.

Among adults with cognitive impairment, the chief con-
cern with transplantation involves their ability to adhere to 
the complex, post-transplant regimen (e.g., immunosuppres-
sant agents, diet, lifestyle adjustments): can adults who are 
developmentally delayed or suffer from other cognitive 
impairments (e.g., dementia, anoxic brain injury, traumatic 
brain injury) be relied upon to take their immunosuppressive 
medications and appear at follow-up visits with their physi-
cians? Among adults, existing data suggests outcomes for 
kidney transplantation are comparable to outcomes for non- 
delayed patients, but less is known for other organs [42].

There is more data with regard to children, and the debate 
is more pronounced. There have been several cases of cogni-
tively impaired individuals, mostly children, being denied 
organs. With good social support and involved parents, 
adherence is less of an issue with children, and the data show 
equivalent survival outcomes compared to cognitively intact 
children [43–46]. The chief ethical question with younger 
transplant recipients is whether there is value in giving a life- 
extending therapy. Such a question is difficult to answer, as it 
seems like a judgment about the value of the life of the recip-
ient. However, some recipients may have such severe cogni-
tive deficits that they cannot be reasonably expected to 
appreciate the extension of life, although some argue the 
extension of their lives may positively influence the well- 
being of their parents and siblings. There is great heterogene-
ity in whether transplant centers use developmental delay as 
a contraindication to transplant [47]. This raises two distinct 
ethical issues. First, if similar patients will be listed at some 
programs and not others, there is significant concern about 
justice. In addition, the discrepancy between outcomes and 
listing practice (especially for mild to moderately cogni-
tively impaired patients) makes it difficult to come to any 

conclusions at this time, except acknowledgment that there is 
prejudice and bias in listing decisions in some programs.

 Adherence Determinations, Financial 
Standing, and the Psychosocial Evaluation

In determining whether someone is an acceptable candidate 
for transplantation, several subjective decisions are made 
about their candidacy, in addition to more objective mea-
sures of their current health status and expected prognosis. 
Those subjective decisions are largely grouped into two cat-
egories: financial standing and psychosocial evaluations, 
which include adherence determinations.

Adherence determinations, mentioned previously with 
relation to cognitively impaired patients, attempt to deter-
mine whether a transplant recipient is likely to take good 
care of their new organ. Based on a patient’s history, the list-
ing team determines their confidence level that the recipient 
will take immunosuppressive medications, abstain from 
alcohol or other drugs, adhere to lifestyle changes, and regu-
larly return for follow-up appointments and laboratory 
testing.

Ultimately, organs are a precious, limited resource, and 
this element of the listing process is meant to ensure that 
recipients will treasure that resource; it is important to maxi-
mize how far a scarce organ may help a patient, and an 
adherent patient may gain more years of utility out of a 
donated organ than a nonadherent one. In addition, nonad-
herence will likely translate in a significant larger cost to 
society in the management of complications and rejection 
reactions, not counting on the potential benefits never mate-
rialized have the transplant been given to a patient who took 
good care of the organ.

Financial standing, which includes the patient’s insurance 
status, may indicate one’s ability to care for the organ they 
have been given. In the United States, Medicare only pays 
for 1 year of immunosuppressive therapy. Medicaid policy 
varies by state but sometimes does not provide long-term 
coverage for immunosuppressive medications. In these 
cases, if a patient cannot be expected to pay for immunosup-
pressive medications a year or two after transplant, they 
would be likely to go into organ rejection.

In addition, as a part of psychosocial evaluations, the 
presence and functionality of support network are deter-
mined, with the understanding that more support will make 
transplant more successful. There is data suggesting that the 
absence of a reliable support system is the single most pow-
erful psychosocial predictor of transplant success [48, 49] 
and conversely, the lack of social support being a reliable 
predictor of treatment nonadherence [49–56].

Transplantation is a long, difficult process involving a 
major surgical procedure, months of recovery, and years of 
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follow-up needed to ensure success. It is nearly impossible to 
fully recover from transplantation, if socially isolated and 
without a dedicated psychosocial support system. In addi-
tion, some degree of financial resources are also needed to 
maintain health insurance, afford immunosuppressive medi-
cations, and get to appointments on time.

However, as these elements of the listing decision may be 
subjective in nature and their weight varies among various 
transplant centers, they may be prone to many human biases – 
many of them against the poor, immigrants, and other histori-
cally marginalized communities. There is sometimes 
insufficient empirical data to support the adherence determi-
nations or psychosocial evaluations, and there are arguments 
that transplant recipients should also receive social services to 
enhance their ability to do well after transplantation. Debates 
about the appropriateness of many characteristics used as cri-
teria by some programs are ongoing and include alcohol use, 
marijuana use, psychiatric illness, criminal history, and immi-
gration status. Efforts to create a more objective approach to 
the evaluation of these factors offer the potential to reduce 
discriminatory or biased practices [49].

 Transplant Tourism

Due to the increased demand for organs in the United States, 
the practice of transplant tourism (e.g., traveling to another 
country with the intent of acquiring a paid transplant there) 
has risen despite some key ethical and medical concerns 
[57]. Other nations have far more lax standards for both 
organ procurement (including the ability to buy an organ) 
and surgical excellence.

China has become a consistent destination for transplant 
tourists, with a larger supply of available organs including 
those from executed criminals. While this practice raises 
concerns from a medical standpoint (e.g., criminals are 
at higher risk of carrying communicable diseases such as 
hepatitis or HIV), there are also obvious moral issues with 
procuring organs from an incarcerated population. In other 
countries, like Pakistan, a black market for organs raises 
issues discussed previously in the section on organ markets, 
including predation on the impoverished local population.

However, what of patients who travel abroad to have their 
transplants in order to bypass our lengthy transplant list but 
return to the United States for their continuing care? Is a phy-
sician complicit in unethical organ transplant tourism by pro-
viding care for these patients? If a patient, once at home, 
goes into organ rejection and needs another organ immedi-
ately, should they be able to jump to the top of the US list? 
These questions are difficult to answer, and different trans-
plant centers have developed different approaches to these 
patients [58–61]. Of note, the Organ Procurement and 
Transplantation Network (OPTN)/United Network for Organ 

Sharing (UNOS) Board of Directors, at its annual 2006 
meeting, approved a resolution affirming, “the OPTN and 
UNOS are strongly opposed to practices in which patients in 
need of transplantation travel abroad to purchase an organ in 
exploitive situations” [62].

 Section 3: Allocation

Beyond the complexity of who belongs on the organ trans-
plant list and how the list itself can be circumvented is the 
method of distributing organs to the patients who wait, often 
for years, on the transplant list. The existing method seeks to 
balance several different ethical principles, while remaining 
appropriate for the local environment, all in an effort to opti-
mize equity and efficiency.

 Justice

Ultimately, the desire to allocate organs equitably has its 
roots in the concept of justice; however, different philosophi-
cal schools of thought have difference in their conceptions of 
justice.

A more utilitarian perspective would seek to maximize 
the utility across society that might be provided by a single 
organ: such a perspective would dictate that the patient who 
would obtain the most benefit from a given organ should be 
given the organ. Such a patient would be younger, given an 
excellent prognosis with transplant, and – in the purest utili-
tarian approach – expect to contribute maximally to society.

A Rawlsian perspective seeks to promote fairness and 
equality of opportunity among those on a transplant list in 
allocation decisions. One conception of fairness might be to 
prioritize the sickest members on the list and prioritize them 
for transplant, even if they may have lower odds of success 
than someone more stable. In addition to medical urgency, 
important factors would also include likelihood of finding 
another organ in the future, waiting list time, and first trans-
plant versus repeat transplant status.

These two schools of thought, in addition to an under-
standing of respect for persons, are harmonized to make up 
the backbone of the Organ Procurement and Transplantation 
Network’s Ethical Principles in the Allocation of Human 
Organs [63, 64].

 Geography

While ensuring justice is a key tenet of organ allocation deci-
sions, allocation decisions often involve difficult and some-
times controversial tradeoffs. Patients living in a metropolis, 
a smaller city, or in a rural environment might all be subject 
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to different impact depending on the role that geography 
plays in listing decisions.

Urban settings often have far more recipients waiting for 
organs than donors available for donation. Consider the case 
of San Francisco, which is populous – and thus, has many 
waiting recipients  – but has relatively few events of brain 
death compared to New Orleans, given its lower rates of 
stroke and trauma (defined as motor vehicle accident, assault, 
gunshot, and head trauma) [65]. In California, only 30% of 
patients get a liver within a year of being on the transplant 
list; in Louisiana, over 50% do [63, 64]. In addition, the 
highest acuity patients awaiting transplant are often in urban 
settings at higher-resource medical centers, making the ill-
ness of urban patients overall more severe as well. This 
inequality could be mitigated by broader sharing of organs 
across larger geographic areas.

However, for some organs, the amount of time between 
organ procurement and transplantation is incredibly critical; 
in more rural environments, then, proximity to the transplant 
center can be an important factor in determining which 
member of the transplant list is best suited for an available 
organ or even has access at all. If organs were shared across 
larger geographic areas, it would almost certainly result in 
the loss of smaller transplant programs in more rural areas.

Ethical arguments about whether the current role that 
geography plays in allocation continue.

 Conclusions
The process of obtaining organs from willing donors and 
developing a method of allocating them to recipients 
fairly is ethically complex and touches on some of our 
society’s most controversial debates. Ethical debates con-
tinue over issues related to the procurement of organs, 
selection and listing of candidates, and finally allocation. 
As tens of thousands of critically ill patients wait for 
organs, the scarcity will continue to create challenges for 
our conceptions of justice.
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Cultural Aspects of Transplantation

Sheila Lahijani and Renee Garcia

 Introduction

Cultural influences are widespread in medicine and directly 
impact a patient’s healthcare experience starting from initia-
tion of healthcare to determining access to end-of-life care. 
The most common definition of culture involves a “shared 
set of (implicit and explicit) values, ideas, concepts, and 
rules of behavior that allow a social group to function and 
perpetuate itself” [1]. Culture also can be framed as the 
dynamic and evolving socially constructed reality that exists 
in the minds of its social group members. Their shared cul-
ture allows members to communicate, work effectively 
together, and understand motives of behavior. Culture shapes 
one’s perspective on life and death, his/her experiences, and 
relationships. It is then not surprising that a patient’s cultural 
beliefs would impact his/her perceptions of diagnosis, medi-
cal recommendations, and the procurement/transplantation 
of organs.

The field of transplantation medicine has progressed dras-
tically in the last 20  years, especially with the advent of 
immunosuppressant medications. Organ transplantation is 
no longer just confined to the Western world, but it is now a 
more globally offered procedure. Regional culture has been 
shown to impact transplantation when diagnosing end-stage 
organ failure, performing pre-transplant evaluation, waiting 
lists, transplantation surgery, and post-transplant recovery. 
The goals of this chapter are to review some of the cultural 
aspects surrounding perceptions of death, procurement of 
organs, and impact on post-transplant care and adherence. 
Additionally, the cultural implications of race and ethnicity, 
religion, and gender are also reviewed. Finally, the adapta-
tion of screening measures or instruments to specific cultures 
or languages will be discussed.

 Eastern Versus Western Beliefs on Death 
Determinations and Perceptions

The transplantation process from cadaveric donors cannot 
begin until death has occurred in the designated donor. This 
very early step, as necessary and straightforward as it may 
seem, is one of the most controversial steps in the transplan-
tation process. Most of the controversy circulates around 
when “death” occurs and how it is defined – brain, or brain-
stem death (DBD), or death after cardiac death (DCD) [see 
Chap. 48 for more details] – and the procurement of cadav-
eric organs. The labeling of “death” carries with it many 
emotional, social, legal, and medical ramifications [2]. 
Medical implications include discontinuation of resuscita-
tive efforts and interventions and, ultimately, organ procure-
ment. Given the finality, it is essential that there is an 
agreement and understanding as to when exactly death has 
occurred. Is it a process? Or does death occur at some defined 
moment when chance of meaningful recovery has passed? 
Determining when death has occurred not only takes into 
account a strong medical knowledge base but also requires a 
social consensus and communal acceptance [2]. It is these 
latter principles that are most influenced by an individual’s 
cultural perspective.

Historically, a person was determined to be dead when 
his/her breathing and heart irreversibly came to a stop. With 
advances in medicine, our ability to prolong life has substan-
tially improved, especially with the development of mechan-
ical ventilation, vasoactive medications to prevent 
cardiovascular collapse, and/or extracorporeal membrane 
oxygenation (ECMO) to oxygenate blood [3]. However, 
there does come a point where additional medical or surgical 
interventions are futile with no chance of meaningful neuro-
logical recovery. The amount of neurologic recovery that is 
deemed acceptable most certainly varies from person to per-
son. There have been some landmark publications that have 
attempted to define death in terms other than just cardiopul-
monary arrest. The concept of brain death evolved during the 
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twentieth century with the Harvard Criteria in 1968, Uniform 
Determination of Death Act in 1981, and ultimately in 1995 
with the American Academy of Neurology (AAN) publish-
ing their practice parameters to conduct a brain death deter-
mination [3] (see Chap. 48 for additional details).

Attitudes about end-of-life decisions and death are 
deeply rooted in a society’s culture and undoubtedly influ-
ence perspectives toward brain death and subsequent organ 
procurement. If these cultural differences are not recog-
nized, family members may not view that patient as truly 
deceased or perhaps perceive that life-sustaining support 
has been withdrawn prematurely with the sole purpose of 
procuring their organs [4]. Knowledge of the specific details 
of every cultural belief as it relates to perspective on death 
and dying is not feasible given sheer number of different 
cultures globally. However, being aware of key cultural 
beliefs or themes at play in transplantation medicine allows 
providers to be more sensitive to an individual’s specific 
cultural beliefs, which can facilitate the mutual respect, 
communication, and understanding that are essential com-
ponents to the delivery of quality and culturally sensitive 
care [4].

Many publications have approached conceptualizing 
“cultural” influences on perception of death by globally cat-
egorizing into the Western and Eastern worlds [2, 3, 5, 6]. 
These two belief systems have different philosophical and 
religious influences which have developed in parallel and 
independent of each other. While not universal, ideas in 
Table 49.1 can help guide providers to anticipate potential 
aspects of the transplantation process that will be of most 
concern to patients and family members.

 The West

The Western world’s philosophical underpinning originates 
from individuals like Socrates, Descartes, and Plato [2]. 
Socrates was one of the first to propose the idea of the soul 
being and existing separate from the body [7]. Plato adds to that 
principle by describing the soul as a “pure spiritual existence” 
that is imprisoned by the body temporarily [6]. Descartes rein-
forced this separation by identifying the soul or the ability to 
think as the source of one’s personhood and the body as an 
“organic machine” for the soul [6]. This focus on the brain, or 
neuro-essentialism, devalues the physical body and places the 
brain as the seat of rational thought [8]. Hence, the presence of 
irreversible brain damage and the loss of one’s higher cognitive 
functions to believe, to make decisions, and to feel and interact 
with the world indicates that death has occurred [9, 10]. 
Perspective studies in Europe found that the majority consider 
life without cognitive capacity as not worth living. Americans 
may believe that death has already occurred in those who are 
comatose or in persistent vegetative state [11, 12]. The body 
without a conscious mind is no longer a person [6].

Additionally, the Western world during its industrial 
period heralded the doctrines of pragmatism and utilitarian-
ism, which factor into the acceptance of death by brain death 
as it provides “great instrumental value,” or that one’s death 
can still contribute to society [13]. Lock et al. proposed that 
the DBD criteria in the Harvard Report were the result of the 
pragmatic philosophy evidenced by the reduction of futile 
medical care and to facilitate organ procurement [14, 15]. 
Lock also highlighted that the modern Western world is 
obsessed with planning and controlling one’s life and death; 
the acceptance of DBD is another manifestation of this pro-
pensity by controlling the time and manner of death [14, 15].

The Western world’s perspective on death is also influ-
enced by religious beliefs and leaders. Christianity, Judaism, 
and Islam have all been known to use the term “physiologi-
cal decapitation” to describe brain death [16]. Orthodox 
Jews are the exception in that they hold fast to their belief 
that the soul resides in the heart [16]. The Pope Pius XII 
made official statement in 1957 affirming that the ultimate 
authority to set criteria for death are physicians and even spe-
cifically advocated against prolonging life in “hopeless situ-
ations” where additional medical interventions or treatments 
are futile [2]. DBD was officially accepted by Chief 
Rabbinical Councils of Israel and America and the council of 
Islamic Jurisprudence in 1986, thus further reinforcing the 
wide acceptance of DBD in the Western world [2].

 The East

The Eastern world does not recognize the dichotomy between 
the body and soul as the Western world does [2]. In fact, the 

Table 49.1 Western and Eastern World Philosophical and Religious 
Principles Impacting Perception of Brain Death

Cultural belief East West
Body-soul/spirit 
relationship

Life is composed of an 
integration of the 
body, soul/spirit, and 
nature

Distinct separation of 
the body and soul

Location of the 
soul/spirit

Distributed throughout 
the entire body

Soul or conscious 
mind dwells in the 
brain

Determination 
of death

Ambiguous transition 
that can take hours

Clear boundary when 
death occurs

Timing of death Acceptance of a 
natural death

Attempts to control 
mode and timing of 
death

Priority of 
values

Interpersonal 
relationships with a 
family-centered 
approach

Autonomous decision 
making

Perspectives on 
life

It is to be awed and is 
mysterious

It is to be controlled, 
planned for, and 
explained by physical 
laws

Adapted from Ref. [2]
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concept is completely foreign to many Asian countries and 
societies. There are many differing philosophical and reli-
gious perspectives within the Eastern world, including 
Shintoism, Taoism, Confucianism, and Buddhism, but there 
is the main commonality that one’s personhood is not solely 
found in the brain and is distributed throughout the body [2, 
17, 18].

Shintoism is the native religion of Japan and views the 
body as a whole to be the resting place for the soul and 
human life to be intimately connected with nature and the 
surrounding environment [5]. One Shintoism custom 
involves attempting to call the soul back to the physical body, 
waiting for period of time to be sure that the soul will not 
return to the body, and accounts for delaying the death deter-
mination as long as possible [5, 19]. Family maintains attach-
ments to the body until the funeral ritual has been completed 
when the soul of the deceased is thought to be launched onto 
a new journey [19, 20]. Japan has somewhat honored this 
tradition legally. In fact, the first transplant in Japan from a 
brain-dead donor was performed in 1968 and was met with a 
legal and societal backlash, with the surgeon prosecuted and 
transplantations from a cadaveric donors coming to an end 
for some time. The Act on Organ Transplantation regulating 
donation from brain-dead persons came into effect in 1997, 
which allowed organ procurement only if the brain-dead per-
son provided consent for organ donation in the event of brain 
death. The 2010 revision allowed family to provide consent 
for organ procurement even if the brain-dead person’s wishes 
were not clear in an attempt to increase transplantation [5]. 
However, the ratio of transplantations performed with organs 
from living donors versus from deceased donors is strikingly 
high in Japan, reflecting the societal struggle with the defini-
tion of death and obtaining the organs from the deceased. In 
2013, there were 14.23 living organ transplants performed 
per million people in Japan as compared to 0.66 dead organ 
transplants (as compared to 18.83 versus 25.99 in the United 
States, 8.59 versus 35.12 in Spain, and 36.54 versus 8.55 in 
South Korea) [21].

Chinese cultures are influenced by Taoism and Confucian 
traditions and beliefs. Like Shintoism, Taoism, which is the 
native religion of Chinese culture, recognizes that humans, 
both body and soul, are intricately associated with the sur-
rounding environment; Taoism advocates following the laws 
of nature [2, 18]. Taoists believe that the body is the soul’s 
resting place after death, and the body must be preserved 
without any form of mutilation to ensure immortality [5, 20]. 
Confucianism has been considered both a religion and a phi-
losophy for the Chinese people and even has influences into 
Korea, Japan, and Vietnam [22–24]. Confucians believe that 
one’s body is a gift from their parents/ancestors; thus it is not 
allowed to be mutilated or damaged in any way [5, 20]. 
Death is not instantaneous but considered to be a gradual 
process with disintegration of both spiritual and physical 

existences, and there are associated rituals to sending off 
their loved ones. Additionally, after death, the deceased per-
son’s spirit lingers near the body protecting it and is able to 
retaliate against anyone who desecrates his/her body [20]. A 
Confucian scholar stated “when a person is about to die, heat 
leaves his body, which indicates the spirit is gone,” empha-
sizing the importance of body heat as an indication of life 
[18]. However, allowing for the dissipation of body heat is 
not compatible with viable organ procurement. Any mutila-
tion or disruption to the body’s wholeness is considered the 
premier violation of the “filial piety” or the virtue of respect 
for one’s parents, elders, and ancestors [25].

Buddhism is another widespread religion in Asia which 
originated in Ancient India with a basis in the teachings of 
Buddha. Buddhists believe that they will be reborn again 
after death [20]. The concept of the Eighth Consciousness 
represents one’s personhood or collective identity that is dis-
tributed throughout the body, not exclusive to any one bodily 
location, including the brain [26]. Therefore, a person’s con-
sciousness may still be present within the body even in the 
absence of brain activity and opposing the brain death prin-
ciple [26]. Buddhists believe the spirit leaves the body imme-
diately but may linger in an in-between state near the body. 
In this case, it is important that the body is treated with 
respect so that the spirit can continue its journey in the state 
of happiness. Additionally, Buddhism has not endorsed a 
consensus regarding organ donation leaving the decision to 
the individual conscience [20, 26]. Although it also must be 
noted that acts of compassion are highly valued in the 
Buddhist religion and the gift of the body, via organ dona-
tion, can be viewed as karmic advantage [6].

Beliefs about the importance of the physical body in 
Eastern religions are pervasive. The brain is not considered 
to be the dominant organ, but is only a portion of what con-
stitutes one’s personhood. It is these key beliefs that are con-
sidered to be contributing to the rejection, or resistance, of 
brain death in Eastern societies. Eastern religions have not 
released a clear opinion with regard to acceptance or denial 
of DBD [2]. Clinicians can provide reassurance to potential 
donor’s family members by recognizing the impact these 
beliefs can have on an individual’s perception of brain death 
and willingness to donate, and by reinforcing that rigorous 
efforts have been made to continue both physical and social 
life of the donor before their death [18].

 Religion in Transplantation

Religious concerns may factor into many decisions about 
organ donation and transplantation. While differences in 
infrastructures and laws may account for variations between 
countries, religious beliefs may be attributable for low 
deceased donation rates among some groups and populations 
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[27]. See Table 49.2 for particular religious beliefs that might 
guide organ donation.

Additionally, when transplantation occurs, the role of reli-
gion can be viewed in the context of coping. In a longitudinal 
study of heart transplant patients, patients with strong beliefs 
who participated in religious activities had better physical 
and emotional welfare, fewer health concerns, and better 
adherence at the final 1 year assessment after transplant [28]. 
Thus, there may be an opportunity to maximize quality of 
life in transplant recipients with incorporation of faith, when 
appropriate, among psychosocial interventions.

 Organ Procurement

Most would agree that there is an overall knowledge gap 
when it comes to the process of organ procurement even 
among healthcare workers. This deficit can lead to one insert-
ing the opinions of misinformed others, use of false assump-
tions, or even refusal to donate. Perception studies in the 
West show that both European and American populations 
equate brain death or death of the conscious mind to the “real 
death.” Eastern societies have many cultural beliefs that, if 
honored in the truest sense, would not yield any viable 
donated organs. Most of these beliefs all circulate around the 
importance of the physical body remaining whole and 
undamaged. Any real or perceived injury to the physical 
body can impede the ability of the spirit to transition upon 
death, have an enjoyable life in the underworld, and to rein-
carnate into the next life [20].

These cultural factors can be negotiated to salvage viabil-
ity of donated organs, with appropriate sensitivity. Buddhists 
believe that death can take up to several hours once the per-
son appears clinically deceased. Family members of 
Buddhist faith might like additional time with their loved 
one who has been declared dead, before they will allow 
organ procurement [6]. The specific timing of organ pro-
curement can be negotiated with families to determine how 
much time is required, to honor their cultural beliefs or 
practices, prior to organ procurement [29]. Time requests 
must be weighed against maintaining the viability of the 
organs, often requiring continuation of supportive care to 
maintain blood flow and oxygenation to vital organs. Even 
if a family is unwilling to donate, it should be explored with 
family whether it is a result of resistance to one vital organ 
or donation as a whole (i.e., heart perceived by some as the 
locus of life). An educational discussion should be con-
ducted to review the range of donations possible, including 
skin, pancreas, or corneas [6].

 Race and Ethnicity

Race and ethnicity are two other important areas of consid-
eration in medicine in general and particularly in transplant 
care. They may serve as surrogates for other differences, 
such as perceptions about donation and transplantation, or 
highlight disparities in medical care received among differ-
ent groups. For example, racial-ethnic minorities in the 
United States with end-stage renal disease (ESRD) have 
been less likely to receive live donor kidney transplantation 
(LDKT) than their white counterparts. This may be partly 
due to reported difficulties in identifying live donors for 
ESRD patients from minority communities. In one US 
study, the willingness to donate live kidneys varied by race- 
ethnicity and recipient relationship to the potential donor. 
Differences in willingness to donate live kidneys were 

Table 49.2 Components of various religions related to organ 
transplantation

Religion Organ transplantation issues
Islam Body is sacred, not to be violated

Controversial definitions of brain stem death
Traditional burial within 24 hours of death
Saving a life is highly valued, and “necessity 
overrides the prohibition”
Different decisions by religious scholars

Christianity An act of altruism
Individual decisions

Judaism Prohibitions concerning cadavers
Avoiding any unnecessary interference with the 
body (e.g., prohibition of autopsy)
Saving a life is of fundamental value and 
represents “mitzvah” (religious ruling)
Burial customs

Hinduism Altruism, selflessness
Physical body not crucial to reincarnation

Sikhism Physical body not crucial to rebirth
Doing good actions

Shintoism Interfering with a corpse may be bad luck and 
disrupt the relationship between dead person and 
the bereaved
Modern laws may allow transplantation

Buddhism Generosity and selfless giving
Spiritual consciousness within the body

Confucianism Traditional principles exclude organ donation
Modern scholars have different views

Taoism Organ donation may be attempt to change the 
natural process of life
Modern scholars may approve organ donation

Jehovah’s 
witness

Restrictions on plasma exchange, blood 
transfusion
Transplantation is allowed as long as there is no 
blood transfusion
Contemporary guidance may view it as individual 
choice

Scientology No formal indication concerning organ donation 
and transplantation
Physical body is believed to be a transitory and 
restricting part of existence; accordingly, no 
medical practice is forbidden
Scientologists are allowed to make their own 
decisions about organ donation
The clinical definition of brain death is accepted 
and the church considers donation as a very 
valuable act

Adapted from [27]

S. Lahijani and R. Garcia



543

related to socioeconomic factors, medical trust, and con-
cerns about the impact of live donation upon burial or cre-
mation after death [30].

Distinguishing between “differences” and “disparities” is 
important. Whereas differences are defined as consistent and 
measurable variations in health outcomes, disparities are 
unnecessary, avoidable, unfair, and unjust differences. 
Reducing disparities stems from avoidable, involuntary, and 
differential risk. Understanding the continuum from a 
chronic illness, such as chronic kidney disease, to graft sur-
vival post-transplantation can increase points of intervention 
and address barriers [31].

Racial disparities in kidney transplantation have been doc-
umented in several steps of the process, including referral, 
evaluation, and wait listing. Racial disparities exist in the 
transplant process, and the rate of kidney transplantation in 
African-Americans has been observed to be 59% lower than 
whites. Lack of patient education about kidney disease and the 
kidney transplant process may be one explanation observed. In 
a retrospective study of education program’s impact on the 
completion of transplant outcomes, the racial disparities were 
attenuated after the educational intervention [32]. In a system-
atic review of barriers to renal transplant in African-Americans, 
both patient-related barriers (personal and cultural beliefs, 
preferences about transplantation, lower socioeconomic sta-
tus, lower level of education) and healthcare- related barriers 
(referral delays, inadequate transplant work-up, HLA-related 
and physician-related barriers) were identified. Personal and 
cultural beliefs and preferences of African-Americans were 
identified across studies. These included religious objections 
to transplant, better overall health and energy during dialysis, 
and less negative effects of kidney disease with lesser prefer-
ence for renal transplantation [33].

Barriers to LKDT consist of the following factors: (1) 
recipient and donor attitudes, beliefs, and clinical characteris-
tics; (2) healthcare provider knowledge, attitudes and behav-
iors; (3) population awareness; and (4) disease burden. 
Among recipient and live donor characteristics, low health 
literacy may be associated with suboptimal transplant self- 
care and lower levels of kidney function among LDKT recipi-
ents. Lower health literacy rates are reported among Hispanic, 
African-American, and American Indian/Alaska Native 
adults. Additionally, perceptions that healthcare providers 
have of their patients may lead to lower rates of transplant 
referrals and evaluations and higher rates of incomplete eval-
uations among minority potential recipients as compared to 
whites. In addressing these issues, many interventions have 
been proposed and initiated, including educational programs, 
social network engagement, financial counseling, and improv-
ing cultural competency among healthcare providers [34].

In a retrospective cohort study of US national transplant 
registry data over 25 years, significant center-level variabili-
ties in graft outcome disparities for African-American kid-
ney recipients were noted. It was concluded that in addition 

to focusing on patient-related factors, it is important to con-
sider system-related factors to mitigate racial disparities; 
these refer to variabilities in healthcare systems and how 
there may be segregation of care. Of further consideration is 
minimizing acute rejection differences due to biologic and 
immunologic variations, reducing prolonged hospitaliza-
tions, increasing living donation, and using calcineurin 
inhibitor-based regimens in African-Americans (as opposed 
to not using them or using them ineffectively) may help 
improve disparities in transplant outcomes [35]. Of note, a 
recent multicenter longitudinal cohort study of 602 patients 
undergoing initial evaluation for kidney transplantation at 4 
National VA centers found no significant racial disparities in 
the time from beginning of transplant evaluation to accep-
tance for kidney transplant. Authors suggested that specific 
characteristics of the VA healthcare system or veterans may 
play a role in mitigating disparities. These characteristics of 
a healthcare model include free of charge care to qualifying 
individuals, thus removing differences in insurance and 
income; support to transplant candidates including travel and 
lodging to attend the transplant center, again balancing out 
the financial disparities; and standardized referral and evalu-
ation process throughout the VA system [36].

The US lung transplant registry data has demonstrated 
variability in adult waitlist mortality by race/ethnicity. For 
patients being listed for lung transplant, the lung allocation 
score (LAS) was created and is based on medical urgency 
and benefit. The introduction of LAS initially resolved dif-
ferences in waitlist outcomes between African-American 
and white candidates. However, recent reports have demon-
strated significant variation in unadjusted waitlist mortality 
by race/ethnicity. A recent study assessed the impact of race/
ethnicity on transplant access or risk/adjusted mortality 
among waitlisted candidates. It was concluded that among 
advanced lung disease patients who are listed for lung trans-
plant, there is no adjusted difference in waitlist mortality by 
race/ethnicity. However, unadjusted mortality and adjusted 
waitlist transplant access were worse in nonwhite candidates. 
This may be partly attributable to greater illness severity and 
disparities in the management of advanced lung disease 
patients before transplant listing [37].

Variations in the diagnosis and treatment of chronic liver 
disease in racial-ethnic minorities may impact access to the 
liver transplants. Studies indicated a 2.5 times lower response 
to hepatitis C (HCV) antiviral therapy in African-Americans 
than whites. There is a demonstrated lower incidence of hepa-
tocellular carcinoma in whites than in African- Americans, 
Asians, Native Americans, and Alaskan Natives. In the liver 
transplantation process, many studies report race/ethnicity 
factors affecting access to liver transplant centers for evalua-
tion, access to the liver transplant waitlist, and from the wait-
list to transplant. These may represent the cumulative effect 
of structural, process, socioeconomic, cultural, and biological 
barriers that may arise at many stages. Data on racial-ethnic-
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ity differences in post-transplant outcomes are inconsistent. 
They may also be related to biological factors or differences 
in immunosuppression pharmacokinetics and adherence [38].

These differences may apply also to outcomes in patients 
listed for and undergoing heart transplant. Hispanic-Latino 
patients experience an increased risk of death on the waiting 
list, and African-American heart transplant recipients experi-
ence an increased risk of rejection and death post-transplant. 
By contrast, Asian heart transplant recipients experience a 
lower risk of rejection and death compared to whites and 
other minorities. While it is important to address health ineq-
uities both prior to and after transplant for minorities, other 
areas of consideration include gene expression profiling and 
the use of pharmacogenetics data to customize immunosup-
pressive regimens [39].

For patients undergoing allogeneic hematopoietic cell 
transplantation (HCT), biological factors also may contrib-
ute to differences in outcomes by race. Studies have demon-
strated worse overall survival in African-American patients 
as compared to Caucasian, Hispanic, and Asian/Pacific 
Islanders. This association was independent of socioeco-
nomic status. For patients undergoing autologous HCT, stud-
ies have demonstrated overall survival in African-American 
patients to be similar to that of Caucasian patients. More 
research is indicated to understand the biological, social, cul-
tural, medical, and financial components of race that may 
influence disparities in donor availability, access to HCT, and 
outcomes of HCT [40].

 Gender

Gender-related differences exist in solid organ transplanta-
tion. The relationship between sex hormones and immuno-
logical processes has been documented extensively. In 
females, cell-mediated immunity and natural killer cell 
activity diminish during pregnancy; there is an increased 
release of interleukin 1 in menopause. Estrogen may be an 
immunosuppressant or immunostimulant. Androgens can 
also affect immune function. Given these variabilities, cer-
tain forms of liver and kidney disease are more common in 
either men or women and may be subject to hormonal fluc-
tuation. Thus, not only may there be unique challenges in 
pregnancy and menopause, donor and recipient gender may 
affect graft and patient survival after transplantation. There is 
also the possibility of gender bias in organ donation and 
transplantation [41].

In a cross-sectional study evaluating the motives and 
decision making of potential living liver donors, there were 
few differences between men and women. Women demon-
strated a greater likelihood of being concerned about the 
impact of the donation on their families and social obliga-

tions, which may relate to their caregiving responsibilities. 
Women were more likely than men to endorse religion as a 
reason for donation [42]. A review of gender-specific distri-
butions of living donor liver transplantation demonstrated 
that more men than women were both donors and recipients. 
There were noted regional differences; however, in the 
United States and Europe, the gender distribution was more 
balanced. Overall there was a paucity of literature on gender 
in living donors, and further investigation is needed [43].

 Special Considerations

 Transgender Populations

Over the last several years, standards of care and principles 
of care for the health of transgender individuals have been 
published [44, 45]. These guidelines are important given the 
inconsistencies that may take place with respect to name, 
gender identity, demographic information, and healthcare 
records. Cultural sensitivity is of utmost importance in opti-
mizing communication between providers and patients [46].

Transgender individuals may experience specific chal-
lenges during the transplant evaluation, the perioperative 
phase, and the postoperative period. The literature on liver 
transplantation in transgender individuals is scarce; there is 
an indication of increased risk of hepatic cirrhosis and hepa-
tocellular carcinoma [47]. There is also a paucity of data 
regarding early access of care for transgender individuals 
with chronic kidney disease. Major considerations in the 
transplant process of transgender individuals include (1) the 
health and medical history, (2) the surgical history, (3) the 
physical examination, (4) insurance coverage, (5) the psy-
chological evaluation, (6) the social work evaluation, (7) 
postsurgical issues, and (8) privacy issues [48]. Addressing 
both the medical care and those aspects of care specific to the 
transgender individual are important in providing compre-
hensive care.

 Adaptation of Tools

The increasing use of instruments in multinational studies has 
resulted in studies evaluating the adaptability of transplant 
assessment tools as well as the translation of tools into other 
languages. Specific examples include the Transplant 
Evaluation Rating Scale (TERS), Psychosocial Assessment 
of Candidates for Transplantation (PACT) scale, and the 
Stanford Integrated Psychosocial Assessment for 
Transplantation (SIPAT). While language is an obvious form 
of interpretation of a tool, there are a number of other factors 
that are very important when considering the use of these 
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measures, including reliability, validity, feasibility, and gen-
eralizability. Consideration of differences in reported by 
patients, variations in psychometric properties, diversity 
knowledge of disease, and adherence norms can all impact 
the adaptation of tools in different cultures.

 Economics of Transplantation

Organ transplantation is a costly procedure but can prolong 
life and improve its quality. Comorbidities, complications, 
and immunosuppressant treatment can help determine the 
cost effectiveness of organ transplant. The economics of 
organ transplantation considers organ shortage and organ 
allocation. Two main benefit measures of interest in the eco-
nomic evaluation of transplant are survival and health-related 
quality of life. Interrelated aspects of the economics of organ 
transplantation consist of the following and serve as points of 
potential intervention: (1) determinants of end-stage organ 
disease, (2) health benefit measurements, (3) demand of 
organ transplantation, (4) offer of organs and of organ trans-
plantation, (5) economic evaluation, (6) equilibrium analy-
sis, (7) macro assessment, and (8) planning, budgeting, and 
monitoring. Economic models can be useful tools analyzing 
costs and create policies to improve the accessibility to organ 
transplantation to disparate populations [49].

 Conclusions
The role of culture in transplantation extends from the 
time of the initial clinical diagnosis of disease throughout 
the period of post-transplant recovery. Perceptions of dis-
ease and death, including the procurement of organs, can 
impact illness and the transplant experience. Cultural 
implications of race and ethnicity, religion, and gender 
are evident in the literature and can impact both health-
care policy and healthcare delivery. Culture on a larger 
scale can influence health system outcomes and public 
health measures. Additionally, the economics and costs 
associated with transplant procedures can impact clinical 
decision making. Consideration of these factors is impor-
tant in approaching a patient who is being considered for 
organ transplantation to ensure that the most comprehen-
sive and effective care is offered.
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Patient Perspectives

Eirik Gumeny, Gerardine Hernandez, Tyson Hughes, 
and Yelizaveta Sher

When I reflected back on Eirik Gumeny’s piece in the New 
York Times section of “Modern Love” [1], I realized that this 
textbook would not be complete without the voices of indi-
viduals who have actually gone through the process of organ 
transplantation. Mr. Gumeny vividly describes the emotional 
toll of waiting for a lung transplant, with devouring anxiety 
and much uncertainty. He recounts the profound effect it had 
on him and his main support person, his wife. “No one tells 
you that the physical scars are the easy ones.”

While the scientific literature informs us about our clini-
cal decision-making in a cognitive way, real patient stories 
remind us of the depth of individual’s emotions and experi-
ences. They tell us frankly what works and what doesn’t; 
they show us our blind spots as healthcare providers; they 
teach us in ways no book or article can. While the scientific 
journals tell us about statistics, numbers, and confidence 
intervals, our patients remind us why we do what we do, and 
how we can do it better.

When our patients share with us their experiences, they 
allow us an opportunity to be helpful to them and to others 
who will be walking their this path after them. Their journeys 
are unique, but some themes repeat themselves. Nothing is 
as powerful as hearing directly from these individuals. From 
them we learn that despite being surrounded by people, you 
are alone when facing death. We learn of the extreme psy-
chological strain that accompanies the unraveling of the 
physical body. From their intensive care unit narratives, we 
hear stories of being left behind with people coming and 
going, of not having control and being dependent on others, 
of medical providers not always acknowledging or showing 
the acknowledgement of the whole personhood obscured by 

the attached tubes and machines. Their stories contain 
themes of incredible pressure of having received the gift of 
life and feeling an obligation to feel happy and grateful, 
while struggling with sadness, anxiety, and grief; themes of 
ongoing discovery and coping with the new post-transplant 
person and integrating this new version with an old version 
of self; themes of letting go of the old version of self and 
discovering what the new version is able to conquer; themes 
of fear; themes of loss; themes of hope; and themes of love.

Each patient’s story is an invaluable gift to us. Below are 
some of these precious gifts.

 Eirik Gumeny

In the last few months before my double lung transplant, my 
lung function deteriorated to 12 percent. I was barely able to 
move across my tiny apartment, barely able to get from the 
bed to the couch, needing 10 liters of oxygen at all times. I 
was on a large number of medications and therapies for my 
worsening cystic fibrosis, including frequent intravenous 
antibiotic treatments. I had a G-tube inserted to keep from 
wasting away.

As difficult as all that was, however, the sickness and sur-
geries ended up being the easy parts of getting a transplant. 
The toll the process took on my mental health was something 
altogether more difficult.

The physical ailments at least made sense; they were 
expected and understood. If I got an infection, I was pre-
scribed antibiotics. If I was losing weight, supplemental 
nutrition was added. There was a cause and effect that made 
the response to symptoms obvious. Moreover, the physical 
difficulties were where the medical team excelled  – those 
were the problems they were trained to diagnose and 
correct.

The significance of the psychological baggage that goes 
along with a transplant, however, seemed to be less obvious 
and more mysterious to them.
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Anxiety and depression were anticipated and treated with 
pills. Guilt, fear, and frustration were shrugged off. I felt that 
as long as I wasn’t suicidal, everything was fine. The bulk of 
the team’s efforts were on keeping me alive, and anything 
beyond that was a “quality of life” issue – and, understand-
ably, not their top priority.

The burden of sorting out my emotional health was on me. 
Obviously, this was not an easy task.

For one, it was incredibly difficult for me to even know 
that I needed psychological help. I was sicker than I had ever 
been during the run-up to the transplant, my body failing me 
left and right. I was on new and stronger medications, with 
new and stronger side effects. I was taking a number of psy-
choactive medications, including dronabinol, sertraline, and 
mirtazapine daily, as well as lorazepam as needed – and I 
needed it often. Beyond simply not trusting my own body, I 
was continually in a haze, making it difficult to sort out spe-
cific problems that might need addressing.

Similarly, physical and mental health often collided, and 
separating the two became increasingly troublesome. As 
frail as I was at the time, every little stressor  – financial 
problems, insurance issues, even a television show that hit 
too close to home – had significant and noticeable impacts 
on my ability to breathe and function. I was expending so 
much effort just to be, that any slight change rippled out-
ward, like a pebble dropped in a pond. And while that might 
have been only a small splash to a healthy person, it hit me 
like a tidal wave.

I suffered from tremendous panic attacks while awaiting 
transplant, at one point even falling to the ground and call-
ing for an ambulance in the 2 minutes it took for my wife to 
pull the car around. In those moments I was fundamentally 
unable to tell if I was in some kind of respiratory distress or 
simply succumbing to anxiety. As sick as I was, the issue 
could easily have been either one – and was often both. I 
would get short of breath and then panic, or vice versa, one 
problem feeding into the other until discerning a difference 
was impossible.

There was, in fact, one thing I could be completely certain 
of during this time: fear. Not necessarily the fear of the sur-
gery, or of dying – though both were certainly present – but 
a real, tangible fear that if I got too sick or a test came back 
with the wrong results, I might lose my place on the trans-
plant list. That if I said the wrong thing or felt the wrong way, 
I might be kicked out of the hospital. In that cloudy, muddled 
time, fear, unfortunately, was one of the few emotions I could 
be sure of.

In hindsight, I’m less sure how justified that feeling was, 
but, at the time, there was a genuine and constant concern 
about being perceived as somehow non-compliant by the 
clinic staff and having to face the ramifications. I was wor-
ried that expressing that fear, or any anxiety or doubt, might 
itself come across as a lack of support and enthusiasm for 

transplant, might bring my intentions into question. 
Compliance is scripture in pre-transplant clinics, and – wait-
ing for a miracle as I was – I didn’t want to be seen as any-
thing less than completely reverent and obedient.

Survival, after all, is the predominant concern pre-transplant, 
for all parties involved. When the patient is coughing up blood, 
the focus is understandably on stopping the bleeding, not making 
sure the patient isn’t scared. And for the patient himself, in the 
thick of things, there’s no time to sort through what’s going 
on in his head – it’s a constant, muffled scream, and he learns 
to live with it.

As a result, no matter what was going on, or what I was 
feeling, I convinced myself I was okay, because that was the 
only way I was going to make it through the process. There 
were bouts of guilt, terror, worry, but I hid them, ignored 
them – unconsciously – because it seemed that getting past 
them was more important than acknowledging and address-
ing them. With the threat of death ever-present, taking the 
time to sort myself out felt like a luxury I didn’t have. I 
chalked everything up to “the transplant” and moved on, 
assuming it would all simply go away after the surgery.

Which it did, almost immediately. Which is what makes all 
of this so challenging to accurately discuss.

Obviously, ignoring my problems and concerns was not 
the most emotionally healthy tactic and may even have con-
tributed to the survivor’s guilt and occasional depression I 
still struggle with today, 3.5  years out. More directly, not 
addressing the psychological issues I was struggling with 
made an already stressful situation that much more stressful 
and painful. But then, what alternative did I have? More 
importantly, what alternative should I have had?

While I readily admit that I, personally, may not have 
been receptive to or capable of fully utilizing the mental 
health resources available to me, I do wish that I, and other 
patients going through the various transplant stages, had 
early access to additional integrated assistance with facing 
the psychological pressures of transplantation. The acknowl-
edgment and anticipation by the medical team of the emo-
tional difficulties created by the transplant, along with their 
already expert addressing of the physical challenges, would 
certainly help to ease the weight of those emotional 
difficulties.

Similarly, early access to mental health assistance dur-
ing – or, ideally, before – the earliest pre-transplant stages, 
before the paralyzing anxiety and panic set in, would go a 
long way toward allowing the patient to be more emotionally 
ready and more receptive to the mental health resources on 
hand when needed. Cystic fibrosis, or whatever other under-
lying disease is affecting the patient, takes a psychological 
toll of its own. A patient already in the habit of healthily 
addressing his or her emotions and fears would certainly be 
more receptive and willing to utilize available mental health 
resources and may not even be as in need of them.
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I know that I was not able to sufficiently articulate my 
emotional concerns until well after the transplant, when I 
was removed from the maelstrom of the experience, with a 
therapist completely separate from the clinic and transplan-
tation. Had that occurred before the transplant, I’d like to 
think that I’d have been in a better place to address the psy-
chological issues confronting me. Addressing the enormity of 
the impact that transplantation has on a patient’s mental 
health early, before the process begins in earnest, could be a 
way to alleviate that impact later on.

In the end, there’s no getting around the fact that lung 
transplantation is a traumatic experience, both physically 
and mentally. Having early and readily available access to 
more understanding of the latter would significantly help to 
ease that psychological burden.

 Geri Hernandez

In the summer of 2010, I caught a bad cold which seemed to 
never go away. At the time, I was working as an Interior 
Designer, remodeling entire house projects, and I started to 
notice that I was gasping for air walking up the stairs.

I spent the next 4 years going to doctor after doctor to 
determine the source of my illness. My congestion was stran-
gling me from the inside. If only I could cough up this phlegm 
I thought, but it wouldn’t go away.

As time went by, it became more and more difficult to 
breathe. I would often have difficulty catching my breath. 
How many times had I grabbed a stranger’s hand, “Hold me, 
please, stay with me, please don’t leave me alone!” in the 
parking lot, in the dressing room, at the store. Not being able 
to breathe filled my mind with anxiety and stress. I had to 
plan every move… How many steps is it to the parking lot 
from my car? Can I make it to the store? Where is the exit in 
case I need to run outside? Will I be able to make it to the 
toilet? It left me with a lot of anxiety about breathing. People 
often thought I was having panic attacks. In reality, not 
breathing was causing me anxiety and stress. All I wanted to 
do was to breathe. It’s a natural act that we take for granted, 
until it’s taken from us.

Eventually it became impossible to continue working. I 
had to stop my business and sell my house. I could no longer 
walk very far without gasping for air. As my illness pro-
gressed, strangers often would stare at me when I coughed 
uncontrollably. Once a lady told me to go home because she 
didn’t want to catch what I had. Another time a man at the 
movie theater asked me to leave because my cough was both-
ering him. So eventually I did stay away from people, 
ashamed that I coughed too much.

Those years were the loneliest and most depressing peri-
ods of my life. I felt so isolated. I could no longer participate 
in family activities and stopped going to family parties. My 

friends stopped inviting me because they knew I was sick. I 
could no longer go dancing because I could barely walk. I 
felt very alone, scared about my health, and betrayed by my 
own body. I could see the old, outgoing, joyful, fun-loving 
Geri slowly slipping away. The girl with the warm smile and 
infectious laugh was gone. Laughing would cause me to 
cough uncontrollably. So who needed to laugh, I just wanted 
to breathe.

 Diagnosis

In the summer of 2014, I ended up in the emergency room. 
The doctor told me I wasn’t going home until they had deter-
mined what was wrong with me. And I knew that without a 
diagnosis, I wasn’t going to make it much longer.

After a 3-week stay in the hospital, the doctors confirmed 
I had pulmonary fibrosis with barely any good lung left. I 
was placed on oxygen therapy 24/7. At first, it was difficult to 
accept the fact that I had to be 100% reliant on oxygen. I was 
always an independent person and I didn’t want to be reliant 
on this machine. However, I could no longer breathe on my 
own. The doctor reminded me that I would feel better if I 
used the oxygen. At first I felt ashamed and embarrassed to 
have to drag around that big cart and tank. It was an out-
ward reminder to me and the world that I was sick, that I 
wasn’t strong, that my body had defeated me. And it made me 
angry and frustrated. But slowly I adjusted to the tank and 
cart. And eventually I saw the tank and oxygen as my friend 
not my foe. I started to feel better, and I concentrated on get-
ting outside. That Halloween I even made a costume for 
“Tankie” and we both went as Minions.

 Welcome to the Family: Stanford

My new pulmonologist told me that I would never recover 
from the pulmonary fibrosis and that eventually it would end 
my life. He estimated I had about 3 years with my own lungs. 
However, he felt I was a good candidate for a lung trans-
plant. My heart sank that day when I heard the words “lung 
transplant.” A rush of emotions entered my mind. I was terri-
fied. I understood first-hand about transplants since my sib-
ling had had two kidney transplants, but I never thought I 
would need a transplant. I had to keep walking forward. I 
had already left behind so much stress, pain, tears, and tor-
ture. I thought to myself, I’ve already walked close to death. 
I knew what that was like, and I am still alive. My only choice 
was to keep walking through this low valley and go to 
Stanford.

Right before Christmas of 2014, I received my transplant 
evaluation packet from Stanford. I was scheduled for 5 days 
of tests that took about 8 hours each day. It’s a testament of 
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your endurance and emotions to make it through the myriad 
of tests to evaluate your health. When you are going through 
the evaluation process, you want to be hopeful that the pro-
cedure will save your life. But what new transplant patients 
don’t realize is that this is still a new frontier. There are con-
sequences and risks involved in this procedure. The educa-
tion meeting tells you briefly the facts of a transplant. It 
focuses on the fact that the surgery is a treatment, and not a 
cure, and highlights some of the possible complications and 
shortcomings that you might endure.

 Waiting Game

I was accepted into the transplant program in December 
2016. I thought of this time as a training period. I would 
often play that old Rocky song in my head every time I went 
walking the track. I exercised every day and tried to eat well 
to be physically ready for the procedure. But in the back of 
my mind, I could hear a small voice reminding me the clock 
was ticking, I had an estimated 3 years left with my old lungs. 
As that thought entered my mind, fear and sadness filled my 
heart. I wasn’t ready to die. God had already been with me 
through the worst part. I had already come close to death, 
and I was still alive! “Si se puede,” I can do it, I could hear 
my late father say to me.

I had seen firsthand the success of a transplant from my 
older sibling, and that gave me hope about my own trans-
plant. However, I had also experienced my sibling’s reaction 
to the medication. I was only a child when my sibling had the 
first transplant, and the experience had caused me some 
traumatic stress that was surfacing now. I was frightened I 
might react the same way to the medication. I didn’t want to 
lose the old Geri.

When I shared my fears with my transplant program, I 
was referred to the transplant psychiatrist. The psychiatrist 
was very helpful in working out my fears about the medica-
tion and the transplant. The doctor was able to help me bet-
ter understand and work through my thoughts and fears and 
to help me learn how to stay in the moment and not predict 
the future. I realized that my journey is not someone else’s, 
but my own. In retrospect, I wish this referral was initiated at 
the very start of my transplant journey.

It’s only a treatment

On Saturday, June 4, 2016, at 1:45  AM in the morning, I 
received the call that it was my turn. I had waited about a 
year and half for my transplant. I asked them twice if they 
were really calling for me. I felt so nervous and anxious that 
my life was about to change. I would no longer have my own 
lungs. I would be out on a limb without a safety net. I could 
never come back from this. I fell to my knees and prayed to 

God to protect me and be with me during the surgery. I called 
my sister, “Wake up, it’s my turn.”

We arrived at the emergency department 90 minutes later 
and checked in. After some preliminary vital checks, a doctor 
entered the room and told me he was going to pick up my 
lungs. It was a surreal experience. On one hand, you are so 
thankful and grateful for the new lungs, but on the other 
hand, you are mourning the loss of your old lungs. It’s a very 
scary moment to realize there is no going back from this 
operation.

When I woke up, I felt this rush of air entering into my 
lungs. I felt like I couldn’t control my breathing and that I 
wasn’t in sync with my lungs. Eventually my body adjusted to 
the new lungs and my breathing leveled. As I opened my eyes 
for the first time, I asked my sister if I was alive and if I made 
it. The room seemed to be flashing and changing colors. The 
nurse told me I was hallucinating. I had no idea that this 
would happen after surgery and neither did my family. It took 
about 3 days for the hallucinations to subside and I started 
to be more like myself. It was a very scary and confusing time 
for me. I felt comforted knowing that my psychiatrist came to 
visit me each day at the hospital and gave me the emotional 
support I needed. She understood my fears and worries 
about the operation and about the medication. She knew me 
emotionally.

The odd thing after the surgery was that I felt like I still 
needed my oxygen, even though I could see my oxygen level 
was 99%. Yet my mind felt like I still needed it. How strange 
is it that the one thing I didn’t want was now something I felt 
I couldn’t be without. I had become emotionally dependent 
upon the oxygen, and now I had to be weaned from it.

I felt so good when I left the hospital 11 days later. I was 
so grateful and thankful I had made it through the surgery 
and that I was doing so well. However, 3 weeks later, I ended 
up back in the hospital with a MRSA infection on my inci-
sion. The doctors had to cut out more of my chest tissue 
which left this large noticeable cavity on my chest. It was a 
disappointing setback. My chest required a wound vacuum 
for 6 months and I had a PICC line inserted into my arm for 
antibiotics.

One of the positive aspects of having a chronic condition 
is realizing how many family and friends step forward and 
rally around you. I never would have made it through the 
4 years of being sick without a diagnosis without my family. 
After the transplant, my sister and the rest of my family had 
to come forward and helped me recover. Also, many friends, 
even new friends, stepped up to volunteer to take me to the 
countless appointments. No patient can make it through the 
transplant process without a village of people to help them 
recover.

I think one of the misconceptions people have about lung 
transplants is that you have the surgery and then you are 
cured. In reality, the surgery is a major therapy that tremen-
dously improves your quality of life, but after all it is a treat-
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ment that requires constant ongoing monitoring, medication, 
and even further treatments. The pulmonary fibrosis journey 
is not over. After surgery you are monitored very closely, and 
many treatments are required to keep you on track. I felt 
unprepared for the physical obstacles that happened after 
the surgery. The doctors are used to handling the numerous 
types of complications that happen, but the patient is experi-
encing the problem for the first time and often feels over-
whelmed by the setbacks.

I often felt anxious going for my checkups, wondering 
what else they will find wrong with me. Those initial visits 
back to the hospital were filled with a lot of anxiousness, 
worry, and resentment. Of course I was grateful to be breath-
ing on my own, but a part of me still felt resentment that I had 
to go back to the doctors so many times. I was still trying to 
accept my new situation and my long-term commitments.

As time went by, and I slowly worked through each obsta-
cle with the help of my psychiatrist, I began to realize that 
this was really a new phase of my pulmonary fibrosis jour-
ney. My job now was to help monitor my progress and to take 
the best care of myself so I could be as successful as possible. 
And in time, I realized that the doctors, the nurses, the hospi-
tal, and even the medications were not the bad guys, but the 
good ones who were just as interested in me being success-
ful. What I finally concluded was that these people really did 
care what happened to me, and that they really were my new 
family. Just like a family, they were going to be with me 
through thick and thin, good times and bad ones.

I think the most important lesson I have learned from this 
experience is that we have to live in the moment. Today I am 
doing well and I feel great. I’m trying to take it day by day. 
I’m staying positive and always grateful. And even if I have 
a future problem, I am confident my new family of doctors 
and staff will help me through it. Holding my hand through 
the low valleys of this journey. I’m so thankful for all the 
people that have helped me live another day. I appreciate the 
family who donated their loved one’s lungs to me. I will try 
to respect that person by living my life well, and I will try to 
give back to others who need help. My future is uncertain…
like everyone’s. However, I still am hopeful about my future. 
This journey has made me realize that in a way I am one of 
the lucky ones. I’ve experienced firsthand how fragile the 
human body can be, and I have also seen how resilient and 
strong our bodies and minds are. I am so grateful and amazed 
each time I just breathe.

 Tyson Hughes

My name is Tyson Hughes and I am a heart transplant patient. 
I use the word patient because I will always be one. Some 
choose to use the word recipient, but I prefer patient. I’m 
4 years post-heart transplant and except for a few hiccups, I 
am generally doing alright. Most of my days consist of two 

major medicine interruptions, but these interruptions gener-
ally allow me to go about living my life like most other people. 
Of course, some days are better than others, while others are 
… not so much. I’m learning to ride the roller coaster that my 
new life has become, but I also understand that I’ll always be 
learning new, and maybe not so exciting, ways of coping.

Prior to being a transplant patient, I was a 13-year vet-
eran police officer. I loved my job, my co-workers, my friends 
and family, and my life in general. I was extremely active, 
both at work and on my own time. I loved to exercise and 
could pretty much run as far and as fast as I wanted to. I 
walked full-length golf courses regularly and could play ten 
games of aggressive racquetball consecutively. I worked as 
hard as I played and really loved life. As a police officer, I 
was also extremely active. Immediately after briefing, I 
would often jog to my patrol car, pull out of the police sta-
tion, and stay in the field until the end of my shift. I spent 
most of my time looking for criminal activity, and that really 
gave me joy in the job. I loved being the barrier between 
“good” and “bad.”

One of my many duties as a police officer was to respond 
to calls relating to mental health concerns. I handled every-
thing from mental health evaluations, welfare checks, threats 
of suicide, displays of violence, and sadly, even suicides. All 
of these I lumped into a category of what I considered to be 
“just” mental health responses. After responding, taking 
care of my duties, and writing my report, I would never give 
it another thought, since I knew there would just be more of 
the same issues tomorrow.

I didn’t truly understand mental health issues … until I 
became a patient. In fact, even for the first couple of years 
after I became ill and received the transplant, I didn’t com-
prehend that I was now “having issues.” Almost every after-
noon, I would start getting these unexplainable episodes. I 
would tremble, pace around my home anxiously, become 
nauseous and nervous, then paranoia would set in. I was 
sure I was going to die, if not today, then surely tomorrow. I 
didn’t like or understand these feelings and was always 
amazed and thankful that somehow, I survived until the next 
day. It was the strangest feeling not to have control over my 
mind, especially given how much trauma my physical body 
had already endured and overcome. Needless to say, I was 
confused.

How could it possibly be that a strong police officer such 
as myself, with many years of experience dealing with psy-
chologically related tragedies, was experiencing, yet not rec-
ognizing, the symptoms of what I was going through. At 
minimum, I had anxiety and I probably experienced full- 
blown depression when I was at my worst. Initially, I received 
assistance from a therapist, who unfortunately, did not have 
specific experience with transplant patients. Although my 
time with her was valuable, it was clear to me that I wasn’t 
really gaining any tools needed to deal with my daily issues. 
Consequently, I turned to and sought assistance from the 
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Stanford Hospital post-transplant team that was established 
to help me specifically. I came away with the name of a 
woman who previously worked with the solid organ trans-
plant team at Stanford Hospital but left to start her private 
practice in nearby Menlo Park. This highly skilled therapist, 
a Licensed Clinical Social Worker by training, was exactly 
what I needed. She had previously worked at Stanford 
Hospital with the exact people who were caring for my phys-
ical needs. She had a great working relationship with the 
transplant psychiatrist at Stanford Hospital. The psychiatrist 
would be the overseer of my psychological needs. She evalu-
ated me and worked with her team and I to determine the 
proper medication and dosage amounts for my particular 
needs. My transplant therapist and I met weekly to talk about 
and help me normalize the craziness my life had become. 
After my first few meetings with these two wonderful medical 
professionals, I had already seen a marked improvement in 
my mental health. It was clear I was partnered with the 
appropriate team to care for my mental health needs. They 
will forever be an integral part of my care team.

Going into the transplant process, I was worried about 
the surgery and about the good possibility of infection. I 
knew I needed to commit to following the long list of rules 
established by the post-transplant team: wash my hands, 
keep my hospital room and home as tidy and as germ-free as 
possible, remind friends to avoid me when they were ill, 
watch my sodium intake, take my 50+ pills a day as pre-
scribed (that’s another whole chapter), wear that truly awful, 
ugly mask to protect me from others who might be ill (did I 
mention that it was pink???), exercise at the recommended 
pace (this was very hard for me to scale back given my prior 
fitness level), attend all of my appointments, adjust my medi-
cations as suggested, take my blood pressure and weigh 
myself daily, stay indoors, and avoid dust. I did all of these 
things, and more. I worked hard, then I worked harder, and 
then I pushed myself just a little further. But … I forgot one 
thing.

I forgot that although my physical body had taken the 
brunt of the trauma during the surgeries and throughout the 
recovery process, my mind had been neglected. My mind had 
been dealt a huge blow and was traumatized by all of the 
events, both pre- and post-transplant. I was no longer the 
same psychologically. My mind was forever changed by the 

physical transition my body went through. I had forgotten to 
tend to some very important and critical pieces in my recov-
ery challenge, my brain, my mind, and my mental stability. I 
had had years of experience identifying, communicating 
with, and assisting people with mental health-related issues, 
yet I couldn’t even identify that I needed help myself.

I’ve not been shy about sharing my experiences with other 
transplant patients or those going through other medical 
scenarios. I’ve urged others toward mental health counsel-
ing and openly shared my delicate experiences. I had over-
looked my need for mental health assistance, but I am glad to 
report that I’m back on track. I will forever be a patient, but 
my lifelong mental wellness has significantly improved, 
allowing me to be a more normal person.

Thank you to all that have helped me through these events!
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