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16Post-Transplant Cognitive Impairment
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 Introduction

Cognitive impairment (CI) is common in solid organ trans-
plant recipients. In fact, given that organ transplantation is 
performed as a treatment of end-organ disease, sometimes it 
is difficult to differentiate how much of the witnessed cogni-
tive disorder is due to residual symptoms of the organ failure, 
the trauma of the surgery (e.g., post-transplant delirium), the 
side effects of immunosuppressant agents, or a combination 
thereof. Another possibility of newly diagnosed or appreci-
ated CI is that patient might not actually have a new decline 
in cognition after transplantation, but rather they did not 
experience the improvement in cognitive functioning after 
transplantation.

In patients with end-stage liver disease (ESLD), hepatic 
encephalopathy (HE) is an expected complication of pro-
gressive liver failure, which is often associated with CI. The 
available evidence suggests that the prognosis of patients 
with HE is not uniform [1]. Advanced HE is a marker of the 
severity of liver dysfunction and of the presence of intracra-
nial hypertension. Severe HE (grade 3–4) upon admission 
and during hospitalization is a significant determinant of 
poor outcome [2]. A study of patients with cirrhosis (n = 226) 
demonstrated that there are residual effects on cognitive 
function, especially executive functions that result in learn-
ing impairment and working memory problems in patients 
with overt HE, even after adequate therapy and the attain-
ment of clinical “normal mental status” [3]. Furthermore, the 
psychometric performance deterioration continues and 
expands to the more basic cognitive domains of psychomo-
tor speed, set shifting, and divided attention with increasing 

numbers of episodes and hospitalizations for overt HE [3]. 
Despite previous thoughts that HE is a neuropsychiatric syn-
drome fully reversible by liver transplantation, an increasing 
body of data demonstrated, which is not uniformly the case 
[4–7]. Some studies have found that patients with a history 
of HE are at higher risk of developing neurological compli-
cations following liver transplantation [8], while others have 
found evidence for a “dementia like” parameter of minimal 
HE that is irreversible following liver transplantation [7]. 
Some have found that global cognitive function after liver 
transplantation was poorer in patients with a lower educa-
tional level, alcohol etiology, diabetes mellitus, or a history 
of HE prior to liver transplantation, and that recipients with 
prior HE had persistent impaired cognitive and motor func-
tion after LT [3, 9].

Similarly, cognitive impairment is very common in 
chronic kidney disease (CKD). For example, the prevalence 
of cognitive impairment ranges from 10 to 30%, rising to 
30 to 55% in patients older than 75 years [10]. In fact, com-
pared to age-matched controls, the prevalence of cognitive 
impairment is increased threefold in end-stage kidney dis-
ease (ESKD) [11]. It is believed that contributors to cogni-
tive impairment among ESKD patients include (a) the 
negative effects of various uremic toxins (e.g., uric acid, 
indoxyl sulfate (IS), p-cresyl sulfate (PCS), homocysteine, 
interleukin-1β, interleukin-6 and TNF-α) [12], (b) hyper-
parathyroidism, (c) chronic inflammation associated with 
ESKD, and (d) the direct negative effects of dialysis (e.g., 
osmotic shifts, hypotension) [13]. Among kidney transplant 
recipients, available data reveal that the prevalence of CI 
was 58.0% [14]. Multivariable linear regression demon-
strated that older age, male gender, and absence of diabetes 
were associated with lower Montreal Cognitive Assessment 
(MoCA) scores (p  <  0.01 for all) [14]. After renal trans-
plantation, there are many factors that might further con-
tribute to CI, including (a) ischemia-reperfusion injury 
causing upregulation of pro-inflammatory neurotoxic mol-
ecules (e.g., IL-1β, IL-6, and TNF-α); (b) the direct effect 
of immunosuppressive medications; and (c) secondary 

Y. Sher 
Stanford University School of Medicine, Stanford, CA, USA
e-mail: ysher@stanford.edu 

J. R. Maldonado (*) 
Critical Care Psychiatry, Stanford University School of Medicine, 
Stanford, CA, USA
e-mail: jrm@stanford.edu

© Springer Nature Switzerland AG 2022
P. C. Zimbrean et al. (eds.), Transplant Psychiatry, https://doi.org/10.1007/978-3-031-15052-4_16

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-15052-4_16&domain=pdf
mailto:ysher@stanford.edu
mailto:jrm@stanford.edu
https://doi.org/10.1007/978-3-031-15052-4_16#DOI


130

complications, such as infections and post-operative delir-
ium [13].

Among heart transplant candidates, studies have found 
that cognitive impairment occurs in up to 40% of patients 
[15, 16]. The post-surgical data suggest that although there 
might be improvement in some transplant recipients, not all 
subjects return to a normal level of cognitive functioning 
[17]. It is also important to consider the fact that in recent 
years, there has been an increased use of left ventricular- 
assist device (LVAD) as a bridge to transplantation. The use 
of this device has been associated with an increased risk for 
CI, thus, potentially increasing the risk of poorer cognitive 
outcome after successful heart transplantation [18, 19]. As in 
other solid organ transplant recipients, a number of factors 
might contribute to cognitive dysfunction among this patient 
population, including recipients’ age, immunosuppressant 
side effects, altered cerebral blood flow and cerebrovascular 
pathology, post-surgical complications (e.g., delirium, sei-
zures), and residual effects of pre-transplant decline [16].

Whatever the cause, the presence of CI after organ trans-
plantation is distressing to patients and their loved ones, 
impairs their quality of life, makes taking care of oneself and 
adherence to complex post-transplant regimen more chal-
lenging, and can worsen post-transplant outcomes [20, 21]. 
Yet, it is not discussed enough among transplant recipients 
and transplant care teams. Thus, frequently, providers are not 
sure when and how to evaluate it and what interventions they 
can offer to their patients.

Case History

Our patient is a 65-year-old man who underwent lung trans-
plantation for interstitial lung disease (ILD) 2 years ago. His 
transplant course was complicated by delirium, which 
resolved prior to discharge from the hospital with the assis-
tance of short-term use of risperidone. He was followed by a 
transplant psychiatrist for depression after transplantation 
and was treated with sertraline 100 mg daily. Now he presents 
2  years after transplantation with a complaint of memory 
problems. The patient expressed concerns that he might be 
developing “early dementia”. He notes that he is forgetful 
about names of new people he meets, it is harder for him to 
concentrate when he is reading books, and that overall, he just 
feels “duller.” The patient described that after transplantation, 
it has just been “harder for him to make cognitive connections 
and be quick in his thinking, the way it felt before.”

Of note, the patient lives with his wife of 35 years. She 
manages their finances, as she has done since he became ill 
before transplantation. The patient takes medications on his 
own, but wife helps him to arrange them into his weekly pill 

box every Sunday. He is taking care of all his activities of 
daily living (ADLs) on his own. Family history is significant 
for a mother who was diagnosed with Alzheimer’s type 
dementia at the age of 72. The patient has a college degree.

During the initial psychiatric evaluation, the patient was 
awake, alert, and overall attentive. He was oriented fully. 
Montreal Cognitive Assessment (MoCA) was performed, 
revealing a score of 25 out of 30 with patient losing 2 points 
within the visuospatial/executive domain, 2 points on lan-
guage, and 1 point on his recall. He was evaluated for depres-
sion and anxiety using the Patient Health Questionnaire 
(PHQ)-9 and Generalized Anxiety Disorder Scale (GAD)-7, 
obtaining a score of 5 (points for poor sleep and increased 
fatigue) and 5, respectively. His medication list was reviewed 
for psychoactive meds. He was asked about alcohol, tobacco, 
pain medication, and recreational drug use, which he denied, 
except for a glass of wine twice per week.

Recent laboratory values were reviewed, and they were sig-
nificant for renal impairment, with creatinine clearance of 54. 
Tacrolimus levels were reviewed, and while he had several 
elevated levels throughout the years, they were within thera-
peutic range in the last half a year. Additional laboratory work-
up for reversible causes of dementia, including thyroid studies, 
vitamin levels, and screening for HIV and syphilis were done.

He was then referred for a neuropsychiatric evaluation, 
which revealed that the patient performed “at or near expec-
tation in almost all domains during the current evaluation, 
however, demonstrated mild weaknesses in working mem-
ory and processing speed that are possibly related to reported 
sleep problems/fatigue and medication side effects.”

The patient was, thus, further referred to sleep clinic 
where he was diagnosed with obstructive sleep apnea (OSA), 
and the use of continuous positive pressure airway (CPAP) 
was recommended. The patient was also started on melato-
nin and suvorexant for sleep. He was reassured about his 
overall functioning. The transplant team and patient/family 
were encouraged to use written documentation to convey 
clinic recommendations. The patient was also educated 
about the effects of sleep deprivation and cognition and 
instructed to increase his exercise to help with sleep, energy, 
and perceived cognition. A scheduled follow-up with neuro-
psychological evaluation was scheduled in a year to evaluate 
for any progression of the symptoms.

Clinical Questions
 1. What is the frequency and what are the possible etiolo-

gies of cognitive impairment in transplant recipients?
 2. What should an evaluation of cognitive impairment entail 

in transplant recipients?
 3. What are potential treatment options for cognitive impair-

ment in transplant recipients?
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 Discussion

 Epidemiology and Etiologies of Post- 
Transplant Cognitive Impairment

Post-transplant cognitive impairment is common in all solid 
transplant recipients. Based on several studies, it is prevalent 
in lung transplant recipients. For example, a study of 42 
patients up to 64 months after lung transplantation demon-
strated that mild cognitive impairment with a MOCA score 
of 18–25 was observed in 67% of post-transplant patients, 
while moderate cognitive impairment (score 10–17) was 
seen in 5% of patients [22]. Similarly, in a study of 124 lung 
transplant recipients, transplanted between 1 and 264 months 
(mean 60.1 ± 44.1 months) prior to detailed neuropsycho-
logical assessment, 70% of patients demonstrated cognitive 
impairment in at least one domain [23]. Out of 4 tested 
domains (executive functioning, verbal memory, visual 
memory, and concentration/attention), the most frequent 
impairment was noted in executive function (78% of recipi-
ents) followed by verbal memory impairment (72%) [23]. Of 
note, the cognitive deficits in this study were not correlated 
with age, gender, education, particular immunosuppressive 
medications, or time since transplantation.

In another study of 49 lung transplant recipients, at least 
20% of individuals exhibited at least one impairment on the 
test battery at their 6-month neurocognitive assessment [20]. 
Of significance, during a 13-year follow-up, better neurocog-
nition was associated with longer survival (hazard ratio 
[HR] = 0.49 [0.25–0.96], p = 0.039), with strongest associa-
tion for tests assessing processing speed and exercutive func-
tion [20].

Cognitive impairment has also been evaluated in heart 
transplant recipients. In a study of 37 patients, comparing 20 
patients on everolimus and 17 patients on calcineurin inhibi-
tors (CNIs) (i.e., tacrolimus and cyclosporine), 40% of sub-
jects had cognitive impairment in at least one domain, 
defined as performance at least 1.5 standard deviations below 
normative mean [24]. Of note, there was no statistically sig-
nificant differences between immunosuppressant groups 
across cognitive domains, but some postulated predictors of 
cognitive impairment in this group included estimated pre-
morbid IQ, age of donor, cold ischemic time, creatinine at 
time of cognitive assessment, and lifetime cerebral bleeding/
infarction [24].

Similarly, cognitive impairment has been identified in up 
to 50% of liver transplant recipients [25] and in more than 
50% of kidney transplant recipients [14]. In general, overall 
cognitive function may be impaired after liver transplanta-
tion in the absence of major neurological complications 
related to the surgical procedure or the postoperative man-
agement, due to evidence of central nervous system damage 
[9, 26]. There are also data to indicate that patients suffering 

from HE at the time of liver transplantation may be more 
vulnerable to the metabolic stresses of surgery and the neu-
rotoxicity of the drugs used, and were at highest risk for such 
complications [27]. In fact, in a study of perioperative neuro-
logical complications after liver transplantation, 90% of HE 
recipients experienced neurological complications, com-
pared with 6.5% of recipients without HE prior to liver trans-
plant [27]. In this study, logistic regression identified active 
preoperative HE as the strongest predictor of postoperative 
morbidity (OR 10.7, 95% CI 3.8–29.9) [27]. Others have 
found that patients with a history of overt hepatic encepha-
lopathy (OHE) before liver transplantation had worse cogni-
tive performances (p  <  0.001) and EEG performances in 
comparison with their counterparts with a negative history 
[28]. The same study showed significant cognitive improve-
ment after liver transplantation (p  <  0.01); however, their 
global cognitive performance remained slightly impaired 
(p < 0.01), even though electroencephalograms (EEGs) nor-
malized for 98% of the patients (p < 0.01).

The etiology for post-transplant cognitive impairment is 
likely multifactorial, including various pre-operative, peri- 
operative, and post-operative factors. The pre-operative fac-
tors comprise pre-transplant cognitive impairment and 
frailty. Pre-transplant cognitive impairment is common in 
patients with end-stage disease as discussed above and can 
be due to brain hypoxia in patients with end-stage lung or 
heart disease, uremia in patients with end-stage kidney dis-
ease, and hepatic encephalopathy in liver patients. Pre- 
transplant frailty has been shown to predict eventual 
worsening of cognition in kidney transplant recipients [29].

Peri-operative factors contributing to post-transplant cog-
nitive impairment include allograft ischemic time, primary 
graft dysfunction, time spent on mechanical ventilation, 
intraoperative hypoxia, micro-emboli, and length of inten-
sive care unit stay [20, 22, 30, 31].

Finally, postoperative factors include development of 
delirium, physical functioning after transplantation, pres-
ence of acute rejection, and immunosuppressive medica-
tions. Delirium is common after organ transplantation with 
up to 40% of lung transplant recipients [32, 33], up to 25% 
of heart transplant recipients [34], and up to 47% of liver 
transplant recipients affected by this neuropsychiatric com-
plication [35]. Post-operative delirium has been associated 
with worsened cognition in transplant recipients and other 
critically ill patients [20, 36].

In addition, drug neurotoxicity can influence cognition in 
transplant recipients. The most likely medications to contrib-
ute to neurotoxicity in this patient population include corti-
costeroids and CNIs. Prolonged exposure to endogenous 
cortisol levels is associated with decreased hippocampal vol-
ume on magnetic resonance imaging (MRI) and results in 
memory impairment [13]. In fact, it has been demonstrated 
that kidney transplant recipients treated for rejection with 
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high doses of prednisolone experience memory impairment. 
Mild calcineurin neurotoxicity (e.g., tremor, neuropathies) 
occurs in about 40% of kidney transplant patients, while 
severe toxicity (e.g., psychosis, seizures, posterior reversible 
encephalopathy) affects up to 5% of patients [13]. While 
CNIs do not readily cross the blood–brain barrier (BBB), in 
the presence of underlying comorbidity (such as neurode-
generative disease, systemic infections or hypertension), the 
BBB can be disrupted. Once CNIs have entered the brain, 
they might lead to altered neurotransmission via calcineurin 
inhibition, further leading to changes of calcium homeostasis 
and gene expression [13]. This can in turn affect memory and 
other aspects of cognition.

 Evaluation

The evaluation of post-transplant cognitive impairment fol-
lows the general guidelines (Please see Table  16.1 for full 
suggested work-up). It is important to carefully review the 
patient’s history to understand potential risk factors, potential 
etiologies, and contributors of CI, and to identify any revers-
ible factors. The patient’s medication list should be carefully 
evaluated for the presence of any psychoactive medications, 
both prescribed and over the counter which could further 
impair the patient’s cognition (e.g., anticholinergic medica-
tions, antihistaminic agents, benzodiazepines). We should 

also evaluate for the presence of any mental health contribu-
tors, such as depression and anxiety. The patient should be 
questioned about the use of any psychoactive substances that 
might affect cognition (e.g., alcohol, cannabis). The labora-
tory work-up should include a complete metabolic and blood 
count panel, as well as evaluation of thyroid tests, vitamin 
levels (thiamine, B12, D), RPR, and HIV. Imaging, such as 
head CT scan and/or brain MRI might be important to evalu-
ate for volume loss, ischemic events, or trauma sequalae. 
Neuropsychiatric testing might be helpful to further identify 
and specify cognitive deficits, query the etiology, and help 
develop strategies for better patient functioning and commu-
nication between the team and the patient. There is no specific 
neuropsychiatric battery for transplant recipients. Most com-
monly in clinical practice, neuropsychologists choose tests 
that allow a detailed assessment of various cognitive domains: 
visuospatial function, memory, attention, executive function, 
language, and praxis. Neuropsychiatric testing also allows for 
more detailed behavioral observations which are not always 
overt during the psychiatric encounter (e.g., dependent traits, 
poor effort, sensorial deficits).

 Treatment

The appropriate treatment of course will depend on the iden-
tified etiology of the CI, understanding that some deficits 
might be irreversible. In addition to addressing the underly-
ing contributors (e.g., sleep disorders, anxiety, depression, 
medication side effect), the treatment of cognitive impair-
ment in transplant recipients can consist of both pharmaco-
logical (if available) and non-pharmacological interventions, 
including improvements in the psychosocial support of both 
the patient and his/her caregivers. If identified, the underly-
ing etiology should be addressed.

 Pharmacological
There are no studies evaluating the use of cognitive enhanc-
ers (e.g., rivastigmine), NMDA antagonists (e.g., meman-
tine), or psychostimulants (e.g., methylphenidate, modafinil, 
dextroamphetamine) in the management of transplant-related 
cognitive impairment. However, in our clinical experience, 
these agents can be useful in carefully selected cases.

 Contributors
Depression is a significant comorbidity after transplantation and 
can affect cognition, quality of life, and outcomes. Thus, depres-
sion should be evaluated for and treated in all organ transplant 
recipients, especially when patients present with cognitive com-
plains [37]. If depression is identified as a contributor, psycho-
therapy and/or medications can be helpful. If medications are 

Table 16.1 Work-up and differential of cognitive impairment in trans-
plant recipients

Neuropsychological testing
•  Bedside cognitive tests (e.g., MOCA and MMSE)
•  Detailed neuropsychological testing
•  Screening tests for depression and anxiety (e.g., PHQ-9, GAD-7, 

HADS, GDS)
Laboratory work-up
•  Complete metabolic panel, complete blood count, thyroid tests, 

vitamin levels (thiamine, B12, D), RPR, HIV
Imaging
•  Head CT scan
•  Brain MRI
Review of medications
•  Review of any medications for potential sedating and 

anticholinergic effects
Discussion of psychoactive substance use
•  Alcohol
•  Benzodiazepine agents
•  Antihistaminic agents
•  Pain medications
•  Nicotine
•  Recreational drugs (including THC)
•  Caffeine
Consideration of sleep/energy/exercise patterns
Consideration/evaluation of underlying organic factors
•  Obstructive sleep apnea
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considered, the clinician can select among SSRIs with the lowest 
degree of sedation and minimal drug–drug interactions. Thus, 
sertraline, citalopram, and escitalopram are the preferred agents, 
when depression is associated with significant symptoms of 
anxiety. On the other hand, bupropion, a dopamine-norepineph-
rine reuptake inhibitor, might be the preferred agent when major 
symptoms are associated with symptoms of impaired attention, 
concentration, low energy, and/or amotivation.

 Substance Use
In the case prescribed or over the counter medications with 
adverse effects on cognition are identified, these should be 
tapered off and adequate treatment substitution should be 
provided. When opiates or benzodiazepines are identified as 
potential culprits, these should be cautiously tapered off to 
minimize the possibility of substance withdrawal or symp-
tom rebound, and when indicated, these agents should be 
substituted, as appropriate, with appropriate alternative 
agents with no effect in alertness and cognition. In the case, 
a substance use disorder is identified, and patients should be 
provided necessary resources, referrals, and treatment—this 
might include medication-assisted treatment or psychothera-
peutic interventions for addictive disorders such as cognitive 
behavioral therapies or 12-step programs.

 Non-pharmacological

Exercise and Diet
Available research data suggest that exercise can improve 
cognition in patients with end-stage organ disease and trans-
plant recipients. In particular, the literature in kidney recipi-
ents suggests that exercise and cognitive exercises can 
improve cognition and decrease the risk of developing 
dementia [38]. Among lung transplant recipients, post- 
transplant exercise and improved physical functioning have 
been associated with better neurocognition [22].

Social Support
It is important for the team to provide the patient and his 
caregivers with the necessary psychoeducation regarding the 
changes patients might experience. Some patients might 
need more assistance with working on adherence to their 
complicated medication regimen. Family members can help 
patients with filling out the medication boxes and setting the 
reminders to take medications at the right time on alarms or 
smart phones. A variety of apps are available to help patients 
with adherence to medications. While the evidence for the 
overall effectiveness of these apps varies, some patients, 
such as those with CI, might benefit from such interventions. 
Moreover, the team should be sensitive to modes of 
communication that work best for the patients.
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