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Introduction and Purpose. Given the importance of a successful transition to adult care for pediatric transplant recipients, there is
a critical need to better understand modifiable factors which may affect that process. This study assessed the knowledge of
adolescent liver transplant recipients about their disease and evaluated if a disease-specific educational intervention could
increase their knowledge and impact clinical outcome. Methods. A four-category measure was created to assess the knowledge
regarding diagnosis, surgical history, lab values, and medications in adolescent liver transplant patients. Teens were
randomized to receive one-on-one, verbally administered education from a medical provider versus standard care (control).
Results. Fifty-six liver transplant recipients completed the measure, with 24 completing a posttest. The median age at
transplant was 6.9 years and at pre-test was 17.8 years. Thirty-eight percent did not know their original diagnosis at pretest.
The average pretest total score was 43%. Teens who received the intervention had an average posttest score of 61% versus
42.4% for controls (p < 0.05). Teens who scored >50% at pretest had 2.0 rejection episodes per patient while those scoring < 50
% had 0.95 rejection episodes per patient (p=0.04). Conclusions. Adolescent liver transplant recipients have low baseline
knowledge about their condition. Tailored outpatient education is effective at improving knowledge, but this did not translate
to improved outcomes. The role of oppositional behaviors, parental supervision, and other high-risk activities on clinical
outcomes needs to be determined by further studies. These data suggest that teen liver transplant recipients require more
supervision than their level of knowledge implies.

1. Introduction

Approximately 750,000 children with special healthcare
needs transfer to adult care annually. With 10-year survival
rates now greater than 90%, an increasing number of adoles-
cents or young adults who received a liver transplant as a
child will be among them [1, 2]. As a result, there is a need
for improved transition from pediatric to adult care and a
focus on adherence to treatments in order to ensure the best
outcomes following transfer to adult-based care. Nonadher-
ence to recommended transplant care has been shown to be
associated with increased complications including hospitali-
zation, rejection, and death [3-6].

Adolescence is a unique developmental phase making the
transition in care more challenging, and transition should not
occur until adolescents have the necessary skills for function-
ing effectively in the adult healthcare system [7]. Adolescents
experience a transition from concrete to abstract thinking
and development of executive function [8] and simultaneously
develop reliance on self rather than parents [9]. As patients
prepare to make the transition to an adult provider, it is clear
that key aspects of transition of care include knowledge of
medications, independent responsibility of medications, and
adherence [10]. Additionally, the development of self-
management skills is crucial in mediating the psychological
and social impacts of transplant on a patient’s life [11].
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As part of the adolescent liver transplant transition clinic
at Children’s Healthcare of Atlanta, the multidisciplinary
team of transplant hepatologist, behavioral psychologist,
social worker, nutritionist, and nurse practitioner helps pre-
pare adolescent liver transplant recipients for transfer to an
adult provider. Our clinic supports transition preparedness
from a medical and psychosocial standpoint given that it is
critical in successful transition of care [12]. These patients
typically range from 14 to 21 years of age. Prior studies show
that a patient’s understanding of disease and medications
can improve patient clinical outcomes [13, 14]. Our clini-
cians noted variability in knowledge among our patients;
thus, our clinic designed a quality intervention that focused
on improving patient outcomes by providing basic educa-
tion at teen clinic visits.

Seventy-five patients were approached to be enrolled in a
program called “I Own It,” a comprehensive transition-
focused program. The aims of Adolescent Program, I Own
It (AP101) were to improve the quality of care of adolescent
liver transplant recipients by assessing adolescent baseline
knowledge of liver disease through a specific questionnaire,
by determining the relationship between baseline knowledge
and rejection episodes, and by evaluating if a formal educa-
tional intervention can increase knowledge.

2. Methods

This study was a single-center, prospective intervention
study of adolescent liver transplant patients. Enrollment
began in 2016 and ended in 2018. The study was approved
by the Emory Institutional Review Board.

2.1. Participants. Participants in this study included adoles-
cents ages 14-21 who had undergone liver transplant and
came to the AP101 clinic which was a special clinic attended
by all teenagers > 14 years of age for routine follow-up care.

2.2. Study Procedures. All patients were provided a knowl-
edge assessment measure which they completed during a
routine clinic appointment. The disease-specific question-
naire included questions regarding primary diagnosis, surgi-
cal history, pertinent labs, and current medications. Parents
were asked to allow patients to independently complete the
questionnaire as parents do accompany the patient fre-
quently to the clinic. These were scored with a maximum
of 23 points. The details of the questionnaire are in
Figure 1. The scoring method is provided in the supplemen-
tal data (available here).

Adolescents were randomly assigned either a standard-
ized 5-minute, one-on-one, verbal educational intervention
or standard of care. The standardized intervention focused
on questions answered incorrectly by the patient and addi-
tional relevant information as detailed in Figure 2. Details
regarding lab values, medications, surgery, and importance
of adherence were written in simple language. These items
were discussed in person, and the patient was provided a
handout with the same information to be kept at home with
them as well. The intervention was administered verbally by
2 MDs attending this clinic. All patient and parent questions
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Preparing for the Transition to Adulthood

What is transition?

« ltis aword used to describe the process that takes you from being a childi—when your parents do
everything for you—to a young adult who is responsible for managing all aspects of your life, including
taking care of your transplant. Transition is a process that occurs over many years, while transfer is the
actual switch to going to a new clinic.

Why is this important?

+ In order to make you as successful as possible when you transfer your care to an adult-based clinic, it
is important for us to help you develop certain knowledge and skills beforehand. This is one of the
things we work on during the transition process. The questions on this sheet will help us learn what
you and patients like you know about your medical needs, so that we can figure out how best to teach
you important details about your disease.

Please Answer the Following Questions Without Help — If you do not know the answer, please write “don't know.”

1) Full name:

2) Your DOB:

3) Why do you have to come to clinic / CHOA?

4) Describe, in 1 or 2 sentences, what a liver transplant is.

5) Why did you have a liver transplant?

6) Briefly explain what the following labs mean:

* AST&ALT

+  Bilirubin

* BUN & creatinine

*  Albumin

* INRPPT

« Tacrolimus (know your goal level)

7) What surgeries or procedures have you had other than your transplant?

CONTINUE ON REVERSE SIDE

8) List the names and doses of your medications, how frequently you take them, as well as why you are taking

each one and at least one potential side effect.

Name of Medicine | Dose of Medicine

Name at least 1
potential side
effect.

Why do you take

Frequency this medicine?

FIGURE 1: Baseline knowledge questionnaire.

were answered subsequent to the educational intervention in
the intervention group for approximately 5 to 10 minutes. In
our clinic, the standard of care was defined as nonstandard-
ized provider responses to individual patient questions.
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Information You Need to Take Care of
Your Transplant

Patient Name:

You come to see us in the transplant clinic at CHOA because you have had a
liver transplant. Describing what a transplant is can be as simple as saying “took
a sick liver out and put a new one in.” That's it!

It is also important to be able to tell people why you had a liver transplant—such
as doctors or other medical providers who may not know your entire history. You
had your transplant for:

In addition to being able to discuss what a transplant is and why you had one,
knowing about any other surgeries or procedures you have had done is important
information to be able to give to a new doctor or clinic. Below are the surgeries
or procedures you have had done aside from your transplant:

Important Labs & What They Mean. Knowing these is useful because it helps
you understand what we are talking about when we discuss how you are doing or
changes that need to be made in your care.
¢ AST & ALT — These are called “liver enzymes” or “transaminases.” They
can tell you whether the liver is inflamed. We follow them closely because
they are usually the first lab to go up if you have rejection, but there are
many other things, such as infections, that can cause them to be high.

There is also a lot of AST & ALT in the muscle, so sometimes muscle
injury or stress can cause them to be elevated. These only tell you about

inflammation in the liver and do not tell you how well it is working, but they
are still important to monitor.

« Bilirubin — this is the lab value that is high when patients have yellow eyes
(“icterus”) or yellow skin (‘jaundice”). There are two types of bilirubin,
direct and indirect. Direct is the kind that comes from the liver, and if the
liver is not draining bile well—which can be due to problems with the bile
ducts or also with cells inside the liver—the direct bilirubin can be high. If
the total bilirubin is normal many times we will not check a direct because
we know it will also be ok.

* BUN & creatinine — these are labs that tell you how well the kidneys are
working. When they are high, that means that the kidneys are not working
as well as they should be. One reason that can happen is dehydration—
which is why we make a big deal out of drinking enough water. Another
reason they are important is that some of the medicines we use to take
care of your transplant can affect your kidneys, so it is important to make
sure we know if this is happening.

* Albumin — this is a protein that is made by the liver. The liver may not
make a normal amount of it if there is a lot of inflammation in the liver or
elsewhere in the body. Albumin may also be low if your nutrition is not
good, or if your transplant is very sick and not working well.

* INR —this is a lab test that measures how well the blood is clotting.
Because the liver makes proteins that help the blood clot, if the liver is not
working well, then the INR is high. We may not even check your INR after
a while if you are doing well and all of your other transplant-related labs
look good.

¢ Tacrolimus level — This is the level of the main drug you take to prevent
rejection of your transplant. It makes the immune system a bit weaker
than normal so that it will not attack your new liver. The levels are
measured in units called nanograms (ng) per milliliter (mL). We follow the
levels closely to make sure the level is high enough to protect your
transplant but not so high that it will cause problems or dangerous side
effects.

Finally, the most important job you have of all is to remember to take your
medications! This keeps your liver transplant and the rest of you healthy. The
first step towards being able to take all of your medicines is to know what you are
supposed to take and when. Using a weekly pillbox is then a good way to keep
your medicines organized. You will be given a list of all of your prescriptions with
your discharge paperwork at the end of clinic today. Please keep this list and
work on memorizing it over the next few months.

F1GURE 2: Teaching sheet was provided to each intervention group
participant regarding transplant, medications, and labs.

Total enrolled

N =60

Incomplete
N=4
Completed pre-test

N =56

Intervention
N =33

Standard of care
N =23

Completed post-test
N=19

FiGure 3: Enrollment information flow chart.

The same measure was administered again at a subse-
quent clinic visit to allow for pre- and posttest analyses.
Scores were calculated by giving one point for items 3, 7,
and 8 and 2 points for 4, 5, and 6. Items 1 and 2 were not
scored. Responses that were turned in blank or incorrect
were scored as zero. Data was analyzed using Student’s
t-test, and results were statistically significant with a
p<0.05.

Inclusion criteria included adolescents enrolled in the
AP101 clinic. The primary outcome was a change in
disease-specific knowledge between pre- and posttest. Sec-
ondary outcome included the association of pretest scores
with clinical outcomes. Exclusion criteria included anyone
who did not speak English, had severe cognitive delays, or
was in the process of being transferred to adult healthcare
during the timeframe of the study.

3. Results

At the time of the study, there were 75 patients in the
adolescent clinic. A total of 60 patients were initially
enrolled, with 56 patients completing the pretest survey
with a median age of 17.8 years (+2 years). Of these, 23
patients were in the standard of care arm and 33 were
in the intervention arm. Five patients in the standard of
care arm completed a posttest survey and 19 in the inter-
vention arm (Figure 3).

The median age for all participants at transplant was
6.9 £ 6.0 years. Of the 56 participants, 34% (19) were male.
The majority of patients in this study had biliary atresia,
acute liver failure, autoimmune hepatitis, and Alagille’s syn-
drome that required liver transplant. Fifty-nine percent of
patients were white, 34% black, and 3.5% Hispanic, with
the remainder being Asian or other. The majority of these
patients had Medicaid (37.5%) or private insurance (48%).
The median ALT at baseline knowledge questionnaire was
30, the median GGT was 26, and the number of episodes
of rejection at baseline was 1.35 rejection episodes per
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TaBLE 1: Demographic characteristics of participants from the standard of care and intervention groups.

Character Total N =56 Standard of care N =23 Intervention N = 33
Male 19 6 13
Female 37 17 20
Insurance type

Medicaid 21 12

Tricare

Kaiser 3

Private 27 11 16

None listed 3 2 1
Race

White 33 14 19

Black 18 7 12

Hispanic 2 1 1

Asian 1 0 1

Declined 1 1 0
Age at baseline knowledge questionnaire (BKQ) 17.8£2.0 17.5+2.0 182+1.9
Age of transplant 6.9+£6.0 58+5.8 7.6+6.2
Median ALT at BKQ 30 28 31
Median GGT at BKQ 26 31 23
Rejection at BKQ 76 32 44

patient overall (Table 1). These patients received the baseline
knowledge questionnaire (BKQ) (Figure 1).

Of the 56 adolescents enrolled, 21 (38%) of them did
not know their primary diagnosis for which they had
received the liver transplant (Figure 4(a)). Less than a
quarter of patients had a BKQ medication knowledge
score of greater than 50%, and there was no significant
difference between genders with respect to medication
knowledge (Figure 4(b)).

Interestingly, those with lower pretest scores initially
had only 0.95 rejection episodes per person, whereas
those who scored higher than 50% on the BKQ had 2.0
rejection episodes per patient (p<0.05). Those who
scored lower on their pretest also had a lower average
ALT and GGT (Figure 5). Each intervention group par-
ticipant was then provided a teaching sheet with informa-
tion regarding their individual transplant, medications,
and labs (Figure 2).

When comparing pre- and posttest scores in the
intervention and standard of care groups, the intervention
group had a significant increase in disease and lab knowl-
edge by 18.6% (p < 0.05) (Figure 6(a)). The most significant
improvement was seen in the area of medication knowledge
(35%), as seen in Figure 6(b) (p < 0.05). A large number of
patients were able to provide the names and dosages of
medications.

Of the 24 patients with posttests completed, 18 of 24
scored greater than 50%. Those with higher scores had
ALT 53.4 and GGT 58.5 and 2.05 episodes of rejection per
patient, versus average ALT 117, GGT 103, and only 1.33
rejection episodes per patient (Figure 7).

4. Discussion

This study is aimed at assessing the primary diagnosis/indi-
cation for transplant and medication regimen knowledge for
adolescents who had received a liver transplant and at eval-
uating the impact of tailored educational intervention and its
impact on clinical outcomes. When comparing pre-posttest
scores, the intervention group increased their disease knowl-
edge by 18% versus the group receiving standard of care,
who increased their overall disease knowledge by only 8%.
When looking at medication knowledge alone, the interven-
tion group increased their knowledge by 35%, while the
standard of care group demonstrated no change in their
medication knowledge, which again indicated the efficacy
of this educational intervention. Previous studies demon-
strate similar benefit of education in this age group on liver
transplant patients in the adult age range [15]; however, no
study, to our knowledge, has demonstrated the benefit of
educational intervention in adolescent patients on disease
knowledge.

Those with higher pretest scores also had higher liver
enzyme levels and more rejection episodes. This may be
partly explained by the more frequent exposure of sick
patients to medical personnel, which might lead to a higher
baseline pretest score. If patients were to have higher severity
of disease, more complications such as rejection, and resul-
tant frequent admissions to the hospital or increased fre-
quency of clinic visits, it is possible that these patients had
a higher knowledge base than those who require fewer med-
ical system interactions. These findings highlight that while
knowledge of both medication regimen and underlying
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Percentage of patients who know exact diagnosis at BKQ Correct baseline knowledge of disease by gender
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Percentage of patients with correct medication
Patients with baseline medication knowledge > 50% knowledge at BKQ by gender
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FIGURE 4: (a) Comparison of patients who knew the exact primary diagnosis at baseline knowledge questionnaire (overall vs. by gender). Is
the male/female difference in baseline disease knowledge not significant? (b) Percentage of patients who had baseline medication knowledge
greater than 50% at baseline knowledge questionnaire overall and percentage correct when comparing males and females.
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FIGURE 5: Box chart comparing percent pretest score to lab values and rejection episodes per patient at pretest.
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FiGUrk 6: (a) Comparison of pre- and posttest overall score data in the intervention and standard of care groups. (b) Comparison of
medication knowledge changes at pre- and posttest in the intervention versus standard of care group.

condition is important to assess readiness and independence
with healthcare, tailored education may be necessary to
support this endeavor. Tailored education would involve
addressing illness-related factors such as time since
transplant, age at transplant, adolescent behaviors, family
composition, general avoidance of the medical system,
and prioritization of social life that could interfere with
adherence.

Medication adherence has previously been shown to
have a relationship with health literacy [16]. This study
indicates that health literacy alone is inadequate to
ensure good adherence. Given the fact that nonadher-
ence can lead to poor health outcomes including
increased frequency of rejection, morbidity, and mortal-
ity [17-19], it is crucial to provide quality education in

the setting of a comprehensive transition program that
also includes close monitoring for and addressing of
nonadherence to most effectively prevent future rejec-
tion episodes.

Based on the data in this study, it is apparent that
tailored educational intervention in a posttransplant ado-
lescent group can be effective in improving patient knowl-
edge. However, it is also evident that knowledge on its
own is not sufficient to guarantee good clinical outcomes
or to prevent rejection in this case, so condition-specific
education should be given in the context of a rigorous
multipart transition program. Such a program may be
our most effective tool in improving morbidity and mor-
tality in this at-risk population as adolescents work
towards transition of care.
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Post test scores and rejection

ALT 117.8IU/L*
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GGT 58.5

2.05 Rejection
episodes per

patient

< 50% Score

>50% Score

FIGURE 7: Box chart comparing percent overall posttest score to lab values and rejection episodes per patient at posttest.

5. Conclusions

Adolescent liver transplant recipients have low baseline
knowledge about their disease. It seems that adolescents with
more episodes of rejection and higher lab numbers had
higher baseline knowledge. This may be a result of repeated
education during increased interactions with the healthcare
system that results in a higher BKQ score. The strengths of
this study include a simple intervention that is low-burden
and highly scalable. Another strength is that this interven-
tion was able to be completed without disrupting clinic flow.
Limitations include a low posttest survey sample size in the
standard of care arm though it is likely representative of
the rest of the group. Importantly, the posttest survey sample
in the intervention arm was robust. Finally, this study dem-
onstrates that outpatient education is effective with greatest
impact on improving medication knowledge, but education
alone did not improve patient outcomes. This may be
because medical literacy may not be enough to make positive
health changes to increase adherence. Perhaps more exten-
sive personalized counseling that is specific to each patient’s
lifestyle is necessary to improve healthcare outcomes. Spe-
cific barriers such as transportation, ability to get to a phar-
macy, lack of family structure or supervision of medications,
and deference to parents regarding medical care may be bar-
riers to address during this counseling that would improve
healthcare outcomes by increasing medication adherence
along with knowledge.

Abbreviations

BKQ: Baseline knowledge questionnaire
GGT: Gamma glutamyl transferase
ALT: Alanine aminotransferase.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Additional Points

Key Messages. (i) Provision of education to adolescent trans-
plant recipients is critical in improving medication knowl-
edge. (ii) Educational interventions can be successfully
completed within typical clinic flow.
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