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Abstract 
Objectives: This quality improvement project sought to determine if clinical pharmacist office visits, or consults, had an impact on 
therapeutic tacrolimus levels in patients after kidney transplant through analysis of tacrolimus serum concentrations before versus 
after a pharmacist visit. 
Methods: A retrospective chart review was conducted for all patients that attended a clinical pharmacist office visit, also known as a 
consult, after kidney transplantation for a four month period. Pharmacists during the post-transplant consult reviewed adherence but 
also educated patients in detail about timing and logging of tacrolimus dosing, dosing with regard to labs to assure trough dosing, 
dosing with or without food in the stomach, what to do with a dose is taken late or if a dose is missed and foods, herbal supplements 
to avoid that may inhibit CYP3A4 to elevate tacrolimus levels. 
Results: After the post-transplant visit with a clinical pharmacist there was a 46% increase in the number of tacrolimus trough levels in 
therapeutic range versus before the pharmacist visit. Sixty-four percent of kidney transplant patients experienced an increase in the 
number of therapeutic drug levels in range after the pharmacist visit versus before the pharmacist visit. 
Conclusions: An increase in the quantity of therapeutic tacrolimus trough levels and the number of patients with therapeutic drug levels 
in range was observed after patients received pharmacist provided medication education post-transplant with emphasis on proper 
immunosuppressant medication administration, adherence and potential drug and food interactions. This finding demonstrates the 
importance of pharmacist clinical services in producing improved therapeutic drug levels in post-transplant kidney patients. 
 
 
Introduction 
Nonadherence to immunosuppressant therapy is the leading 
cause of preventable graft failure in post-transplant patients.1,2 
Other factors that contribute to graft loss include calcineurin 
inhibitor-induced nephrotoxicity and lack of patient 
understanding regarding the prescribed post-transplant 
medication regimen.3,4 Addressing these risk factors is 
imperative for graft preservation and patient survival. The field 
of transplant medicine has grown tremendously since 1954 
when the first successful human organ transplant was 
performed.5 In the United States, a total of 36,528 transplants 
were performed in 2018, of which 21,167 were kidney 
transplants.6,7 Despite advances in knowledge and medical 
technology, graft rejection resulting from nonadherence and 
resultant immunosuppressant therapeutic values being out of 
range continues to be a complication for patients after 
transplant. Medication nonadherence, particularly to 
immunosuppressant agents, has been linked to a 7-fold 
increase in graft rejection.4 Pinsky and colleagues found that 
patients who were non-adherent to immunosuppressant 
medications for greater than 4.9% of days were at a 60% 
increased risk of graft rejection.8 Pharmacist consultations  
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during the early post-transplant period was shown in this 
project to ensure positive patient outcomes through 
medication education about proper immunosuppressant 
medication administration, monitoring of drug serum 
concentration levels and potential drug and food interactions. 
Transplant ambulatory pharmacists at this institution do not 
have prescribing or lab ordering privileges so recommendations 
are made with regard to identified medication related problems 
(MRPs) and other emergent, actionable issues are immediately 
reported to the patients transplant nurse coordinator or 
physician to be resolved.  
 
Background 
As medication experts, pharmacists play a fundamental role on 
the transplant team. At Mayo Clinic Florida, pharmacists are 
involved throughout the transplant process. Pre-transplant 
activities include collaborating as part of a multidisciplinary 
healthcare team during candidate selection committee 
meetings, conducting face-to-face pre-transplant assessment 
visits or consults, and instructing weekly medication education 
classes that focus on the post-transplant regimen and side 
effect management. By participating in these activities, 
pharmacists help reduce the risk of graft rejection by 
addressing pharmacological, nonpharmacological factors and 
potential barriers to the best therapeutic outcomes. 
Pharmacological factors such as dosage adjustments needed 
for dialysis or renal/hepatic impairment are considered during 
the one-on-one pre-transplant consults. In addition to 
optimization of patients’ current drug therapy regimen to avoid 
drug-drug and drug-herbal interactions with the anticipated 
post-transplant medication regimen, barriers to adherence are 
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also evaluated and addressed. Non-pharmacologic factors are 
also taken into consideration to identify patients that may be at 
an increased risk of organ rejection due to nonadherent 
behaviors and socioeconomic or communication barriers post-
transplant. To resolve these issues, pharmacists create patient 
specific plans to address the barriers that could potentially 
preclude transplantation.   
 
In order to become an eligible candidate to be listed for 
transplant, patients must undergo consults with several 
specialties including psychiatry, nutrition, surgery and 
pharmacy. Historically, the pharmacist post-transplant consults 
at the institution were led by pharmacists with specialized 
training in solid-organ transplant even though they are not 
specifically required by CMS (Centers for Medicare and 
Medicaid Services). However, in March 2015, pharmacist 
consults pre-transplant also became a mandatory part of the 
Mayo Clinic protocol per CMS guidelines. Since pre-transplant 
pharmacist visits were now CMS required but not post-
transplant visits, post-transplant pharmacist consults were 
reviewed as a quality project to determine if they improved 
patient outcomes. Results of the project would help determine 
if post-transplant consults continued. 
 
Post-transplant pharmacist consults occur face-to-face, 
preferably 3-7 days after transplant. The goal of these 
appointments is to ensure graft preservation through a patient 
centered care approach. This is achieved via in depth 
counseling session where the pharmacist both assesses and 
educates each patient. The patient post-transplant assessment 
consists of reviewing the medication fill/refill history, review of 
the logging of each medication dose and daily vitals in the 
patient’s post-transplant binder and review of the patient’s 
electronic medical record. The patient-managed binder is an 
organizational tool to record vitals, hydration status, weight 
changes, and medication administration times and doses. The 
pharmacist assesses patient adherence through review of the 
binder, as well as makes recommendations for therapy changes 
to improve tolerability, adherence, and assist with achieving 
target serum concentrations. Key patient education during the 
session consists of proper timing and frequency of dose 
administration, the effect of meals or empty stomach on drug 
levels and efficacy, what to do with missed doses, how to 
properly manage side effects, how to avoid drug-
drug/food/herbal interactions and the potential consequences 
of nonadherence. Reinforcement of the value of adherence 
tools such as alarms and pill boxes is another beneficial part of 
the consult. The pharmacist concludes each session by 
addressing any patient knowledge deficiencies and addressing 
any questions, concerns or identified MRPs. Any 
recommendations to the provider and nurse coordinator are 
then made in the pharmacist clinical note and any acute, 
emergent issues are immediately addressed by contacting the 
nurse coordinator and/or attending physician. 
 
 

Materials and Methods 
To determine if pharmacist assessment and education 
positively impacted patients’ tacrolimus levels in the post-
transplant stage, a quality improvement project and 
retrospective chart review was performed. The institution has 
performed post-transplant pharmacist consults since inception 
of each of its solid organ transplant programs. Since post-
transplant pharmacist consults are not required by CMS, a 
quality project was performed to determine if the pharmacist 
labor invested on these consults resulted in better patient 
outcomes via an increased percentage of in range therapeutic 
tacrolimus levels or a higher number of patients with levels in 
range. If patient outcomes were not improved, post-transplant 
consults would be stopped. This project demonstrates the 
added value of pharmacist led post-transplant consults since 
improved patient outcomes were achieved. This project was 
approved as a quality project by the Institutional Review Board 
prior to initiation. Data was collected from the institution’s 
electronic health record from March 2, 2015 to March 30, 2016. 
Extracted data included the patient’s age, sex, transplant date, 
consult date, number of days elapsed since discharge on date 
of consult, goal tacrolimus levels, number of sub and supra-
therapeutic tacrolimus trough serum concentrations before 
and after pharmacist post-transplant consult, and the number 
of therapeutic tacrolimus trough serum concentrations before 
and after pharmacist post-transplant consult. The transplant 
notes were utilized to determine the patient’s 
immunosuppressant therapy goals, with all notes being 
reviewed to ensure that these goal levels did not change over 
time due to toxicity or other reasons.  
 
Key educational points covered during the pharmacist consult 
were timing and logging of tacrolimus dosing, dosing with 
regard to labs to assure trough dosing, dosing with or without 
food in the stomach, what to do with a dose is taken late or if a 
dose is missed and foods, herbal supplements to avoid that may 
inhibit CYP3A4 to elevate tacrolimus levels.  
 
Cases where the physician chose to deviate from the protocol 
were noted and were analyzed accordingly. Patients who 
received dual transplants, prior transplants, or had orders to 
discontinue tacrolimus therapy were excluded from analysis. 
Tacrolimus trough levels were assessed up to 4 months after 
transplant. The number of supra and sub-therapeutic 
tacrolimus levels before and after pharmacist post-transplant 
consult were counted and recorded, being cognizant of the fact 
that goals change after 1 month of therapy. The percentage of 
tacrolimus trough levels in therapeutic range prior to and after 
pharmacist consult were compared to determine if 
improvement occurred, defined as more tacrolimus 
therapeutic levels in range or more patients with therapeutic 
blood levels.  
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Results 
Data collected for analysis included the patient’s age, sex, 
transplant date, pharmacist visit date, number of days elapsed 
since discharge from the date of the visit, goal tacrolimus level, 
number of sub and supratherapeutic tacrolimus trough serum 
concentrations before and after pharmacist post-transplant 
visit, and the number of therapeutic tacrolimus trough serum 
concentrations before and after pharmacist post-transplant 
visits.  
 
Inclusion criteria was any patient who followed a normal 
transplant therapy course defined as no deaths, extra 
hospitalizations or stay longer than the one month post-
transplant clinic follow-up, then discharge to home. Exclusions 
were re-transplantation or prior transplant of another organ, 
dual organ transplant, or if cyclosporine was ever used instead 
of tacrolimus. Total patients reviewed were 127 with 22 
exclusions, leaving a sample size of 105. Average age was 50.6 
years old, 45 of 105 patients being female, 60 male.   
 
Target tacrolimus trough levels defined therapeutically as in-
range were 8-10 ng/mL in the first 30 days post-transplant then 
6-8 ng/mL day 31-60 post-transplant and thereafter. The 
average number of labs  taken pre-pharmacist consult was 7.86, 
post consult 12.33. The average number of days seen post-
discharge was 13.2. After kidney transplant, patients had an 
average of 24% tacrolimus trough levels therapeutic before a 
pharmacist post-transplant consult; after pharmacist post-
transplant consult, an average of 35% of tacrolimus trough 
levels were therapeutic (Figure I). This shows a 45.8% 
improvement in the number of therapeutic tacrolimus trough 
levels after the pharmacist consult. Sixty seven out of 105 
(63.8%) kidney transplant patients had an increased number of 
therapeutic tacrolimus trough levels after the pharmacist 
consult. Therefore, the number of patients with improved 
therapeutic levels increased along with the overall number of 
therapeutic levels in the studied population, indicating 
improvement could not just be attributed to a few patients with 
many in range therapeutic levels. 
 
Patients post-transplant are tightly monitored by the post-
transplant nurse coordinator with three times weekly 
tacrolimus levels taken with the number of levels decreasing if 
the patient remains in therapeutic range as the patient 
progresses in the post-transplant clinic. Because the patients 
are closely monitored and required to keep a monitored, 
detailed log book on dosing throughout their post-transplant 
clinic period, they are very adherent as a group with few 
exceptions. Therefore resultant higher therapeutic tacrolimus 
levels could be more attributed to pharmacist education factors 
than adherence problems since adherence is an intensely 
monitored factor throughout the transplantation process. 
 
 
 
 

Discussion 
Based on the findings of this project, pharmacist consults in the 
post-transplant period had a positive impact on the number of 
in range therapeutic tacrolimus trough levels and number of 
patients receiving in range trough levels after kidney transplant.  
 
The preferred time post-transplant of a pharmacist seeing 
patients was exceeded on average by 7-10 days. This could be 
attributed to the volume of appointments each patient has 
daily due to frequent labs being drawn and many specialist and 
coordinator visits. Because post-transplant pharmacist consults 
are not CMS required, they are also triaged below CMS required 
and protocol driven appointments. This may have contributed 
to appointments being further out than desired. 
 
Because visits were scheduled further out from discharge than 
preferred (13 days versus 3-7 days), this may have actually 
increased the number of in range therapeutic drug level results 
in the project pre-pharmacist consult since patients and 
caregivers are expected to be more knowledgeable and 
proficient managing the complex medication administration 
regimen with increasing time of nurse coordinator and 
physician contact via appointments or phone contact. Patients 
are least knowledgeable and are less likely to be in a medication 
administration routine when the patient is very early in 
recovery post-discharge. Earlier in the post-transplant process 
(3-7 days) there may have been fewer lab draws and those 
fewer labs more likely would have been out of range as a 
percentage pre-consult, resulting in skewed but more favorable 
outcome data as to more in range tacrolimus levels post 
pharmacist consult as a result. Therefore, seeing the patient 
later in the post-transplant recovery process may have assisted 
in preventing the skewing of the data to an even higher 
percentage difference in drug levels in range pre versus post 
periods around the pharmacist visit. 
 
Pharmacist intervention during this critical period is essential in 
helping ensure graft preservation through monitoring and 
patient education, specifically regarding medication 
administration with special attention to presence of food, what 
to do when a diose is missed or late or consumption of foods or 
other agents that could affect tacrolimus levels. Implementing 
a pharmacist service to conduct post-transplant consults 
effectively helps reduce toxicity or graft rejection risk factors 
through the education, monitoring, and positive reinforcement. 
Pharmacists can also provide monitoring and dosage 
recommendations to achieve therapeutic drug levels and 
prevent calcineurin inhibitor-induced nephrotoxicity.9,10  
 
It was frequently discovered in the post-transplant pharmacist 
visit patients were very adherent with taking the tacrolimus 
dose twice daily, every 12 hours, but were not aware of the 
difference the amount of food on their stomach made on their 
therapeutic drug levels. Similarly, some did not know or didn’t 
remember from previous education the effect CYP3A4 
inhibiting foods or herbals had on tacrolimus levels or what to 
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do in the case of a late or missed dose of tacrolimus. These may 
have been key reasons why pharmacist supplemental 
education made a difference in tacrolimus therapeutic blood 
levels. 
 
Limitations 
The retrospective nature of this quality improvement project 
creates several limitations in this study. Retrospective analysis 
is unable to account for variables or control confounding 
factors. Secondly, although there is a general template for 
pharmacists to use during post-transplant consults, no specific 
guidelines and training were set forth to create a standardized 
patient experience. Therefore, differences in delivery may vary 
based on pharmacist, which could lead to varying patient 
results. Furthermore, the use of serum concentration variability 
as a measure of adherence or education does not account for 
the multi-faceted medication consumption process and 
without including adverse effects and rejection rates, 
tacrolimus therapeutic levels could be considered a surrogate 
endpoint. Differences in pharmacokinetics due to changing 
renal function, metabolism, and drug-drug interactions cannot 
be accounted for with this method. Although this study 
provides positive results in terms of pharmacist impact on 
patient care in the post-transplant setting, future studies which 
use a prospective, controlled approach are needed to further 
validate our findings.   
 
Conclusion 
Non-adherence, or deviation from the prescribed post-
transplant immunosuppressant regimen, is a leading cause of 
preventable graft failure, contributing to late acute rejection 
episodes and graft losses.1,2 Pharmacists can help detect and 
intervene upon nonadherence through individualized face-to-
face consults with patients after kidney transplant to ensure 
that patients understand the importance of their regimen and 
appropriate administration instructions.11,12 In this project, 
consulting with a pharmacist post-transplant increased the 
percentage of in range tacrolimus therapeutic trough levels and 
the number of patients experiencing tacrolimus therapeutic 
levels in range, even though this patient sample population was 
considered adherent to their medication regimen. 
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Figure I. Tacrolimus Levels Pre-consult vs. Post-consult 
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