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Background: The pharmaceutical services based on therapeutic care pathway for kidney transplantation
from infants and young children (age <3 years, weight <15 kg) to pediatric recipients can detect and resolve
medication-related problems. In this paper, we report our experience on pharmaceutical services based
on therapeutic care pathway to evaluate the therapeutic effects and assess the feasibility of perioperative
treatment protocols.

Methods: We performed a retrospective study of 12 recipients who received their graft from infants
and young children, between September 2011 and December 2013 at our institution. As providers of
pharmaceutical services, the clinical pharmacists collected and reviewed the clinical data from all patients,
including the clinical characteristics, outcome indices, and follow-up dates. A three-step-protocol of
pharmaceutical services including clinician’s application, pharmacist consultation, and ongoing direct
pharmaceutical care and follow-up was used through the entire length of patient’s admission, hospitalization,
and discharge. This protocol was developed and refined based on the guidelines for transplant perioperative
treatment and experiences of the clinical pharmacists to standardize the workflow, and improve the medical
treatment and quality of life of patients.

Results: There was no acute rejection, graft loss, or death in 10 recipients after transplantation, and
another 2 received nephrectomy due to dysfunction. Postoperative follow-up of the patients who received
the pharmaceutical services from the clinical pharmacist showed an effectiveness in managing medication-
related complications, patient-related factors, and an improvement of the outcomes.

Conclusions: The three-step protocol of pharmaceutical services for pharmaceutical care and individual
dosing regimen sponsored by pharmacists facilitated access to personalized therapies for children undergoing

kidney transplantation in our hospital.
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Introduction

Kidney transplantation is the preferred treatment for
children with end-stage renal disease (ESRD), which has
substantial benefits including the best chances for growth
and better quality of life (1). Unfortunately, access to
kidney transplantation for children with ESRD is limited
due to the scarcity of donor’s kidneys. An analysis from the
International Pediatric Nephrology Association Global
Kidney Replacement Therapy Registry indicates that using
kidneys donated by infants and young children can result in
successful transplant outcomes (2). It is reported that single
kidney transplantation from pediatric donors weighing
5-10 kg to pediatric recipients is feasible and has favorable
outcomes (3). Thus, the application of kidneys donated by
infants and young children may be a possible way to expand
the transplantation pool.

Due to the specificity of pediatric donors and
recipients, the difficulty of the procedure, and the
complexity of postoperative complications, kidney
transplantation from donors of infants and children to
pediatric recipients is particularly challenging. It needs a
multidisciplinary collaboration (4), including monitored
anesthesia care, clinical care, pharmaceutical services, etc.
"To regulate the pharmaceutical services, it is necessary to
establish procedures. Therapeutic care pathway, which is
known as a part of Diagnostic-Therapeutic Care Pathways
(DTCPs) (5), is a predefined sequence of therapeutic and
assistance activities that integrates the participation of
several specialists to obtain the most appropriate therapy for
each patient. Pharmaceutical services based on therapeutic
care pathway may be a novel method to improve the survival
rate of patients. The past decade has witnessed the rapid
development of pharmaceutical services and D'TCPs in
many areas. However, limited data exist to demonstrate the
effect of incorporating patient-centered care using concepts
of therapeutic care pathways by clinical pharmacists for
pediatric recipients receiving their kidneys from infants and
young children.

The development of immunosuppressive regimens
has improved treatment outcomes. The post-transplant
immunosuppression in the modern era includes
two phases: induction immunosuppression which is
administered in the perioperative period to prevent
early rejection, and maintenance immunosuppression
that is administered indefinitely to promote long-term
graft survival (6). Induction agents include lymphocyte-
depleting antibodies such as rabbit antithymocyte
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globulin, alemtuzumab, muromonab-CD3, rituximab,
and bortezomib; lymphocyte-nondepleting antibodies,
and other discontinued or investigational agents.
Maintenance immunosuppression includes two or more
immunosuppressive agents used in combination to achieve
synergy and to limit treatment-related toxicity (6). For
example, one of the immunosuppressive agents, calcineurin
inhibitors—including cyclosporine and tacrolimus (TAC),
could significantly improve the short-term renal graft
survival by lowering the acute rejection rates (7). The
immunosuppressive regimens with the fewest possible toxic
effects are desirable for both the pediatric recipients and
the doctors. Therefore, providing careful pharmaceutical
services for those recipients with different physiological
and biochemical parameters from the adults is considerably
important, given the need to maintain optimal graft
function and survival while managing the debilitating side
effects and medication associated complications.

In this report, we retrospectively reviewed the clinical
outcomes of kidney transplantation from infants and young
children to pediatric recipients between 2011 and 2013.
We shared our patient-centered pharmaceutical services
based on the three-step protocol for kidney transplantation
from donors of infants and young children, by collecting
and reviewing their clinical data, including the clinical
characteristics, outcome indices, and follow-up data from
all patients. It ensured that clinical pharmacists possess
the core competencies which is necessary to contribute
meaningfully to the optimal use of medications and patient
outcomes. We present the following article in accordance
with the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-21-515/rc).

Methods
Study population

This was a retrospective, observational, single-center study
in which we described seven single and five bilateral-kidney
transplantation from small pediatric donors in our Organ
Transplant Center between September 2011 and December
2013. All pediatric patients who underwent kidney
transplantation from donors of infants and young children
were enrolled in a retrospective database. The study was
ethically reviewed and approved by the Ethics Committee
of the Changzheng Hospital, Naval Medical University
(No. 2019S1.021), and informed consent was obtained
from each patient or their family members. All donations
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Figure 1 The flow chart of the study. MMF, mycophenolate mofetil; ALT, alanine aminotransferase; TAC, tacrolimus.

were voluntary, unpaid, and no organs were obtained from
prisoners. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Therapeutic care pathway

The overall flow chart of the study is shown in Figure 1.
The clinical characteristics of recipients were retrieved from
the kidney transplantation database and electronic medical
record system in our hospital. All surgeries were performed
according to the latest guidelines by experienced surgeons.
Post-operative management included the performance of
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medication regimen, therapeutic drug monitoring (TDM),
assessment of drug efficacy, and management of the adverse
effects. The patients can be discharged from the hospital
when the graft function recovered and all catheters were
removed. Besides, the TAC blood concentration, the levels
of the serum index for liver function and infection should
be in the normal range.

The induction therapy post-transplantation included
anti-CD25 monoclonal antibodies plus methylprednisolone,
and the maintenance immunosuppression composed a
steroid-free regimen with TAC and mycophenolate mofetil
(MMF). The patients were intravenously administered
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with 1 mg/kg/d of anti-CD25 monoclonal antibodies
intra-operatively and then administered at 7 days and
14 days after surgery. Methylprednisolone dose was
gradually decreased once daily with the starting dose of
10 mg/kg/d, until the drug was discontinued during the
initial 7 days. During the initial post-operative phases
(about 3 days), TAC was given by intravenous injection
to obtain a stable blood concentration. The oral dose of
TAC was determined according to the CYP3AS genotype
of the recipients, and MMF was administered initially as
500-1,000 mg/d based on the patient’s weight. Prophylactic
anticoagulation with heparin (5-10 U/kg/h) was initiated
immediately after the surgery, with a dosage adjusted
according to the coagulation function (APTT) test (target
value 28-40 s). Subcutaneous heparin was replaced by oral
aspirin (100 mg, per night) at 1-week post-operation. As
urinary tract infection remained the commonest source of
systemic infection among kidney transplant recipients (8),
piperacillin (100 mg/kg) plus tazobactam (12.5 mg/kg)
was prescribed pre-transplantation to prevent infection as
empirical anti-microbial policy, and was used until the 7th
day of post-operative period.

Outcome measures

The primary outcome was TAC trough blood
concentration, and the secondary outcomes included graft
function (SCr), liver function (ALT and AST), infection
indicators (CD4 and WBC), the occurrence of undesirable
effects and postoperative complications, and long-term
clinical indices such as the growth and development of the
patients during the follow-up. When adequate urine flow was
established immediately with a progressive decline in serum
creatinine reaching normal levels (<130 pmol/L), early graft
function was considered excellent. Delayed graft function
(DGF), presenting as suboptimal renal function immediately
following kidney transplantation, was a manifestation of
ischemia-reperfusion injury in the transplanted kidney
allograft. TDM of TAC was applied regularly to all
recipients and dose adjustment was performed to achieve
target trough levels (6-10 ng/mL). The required days of
reaching steady-state blood concentration referred to the
days that TAC blood concentration needed to reach the
above-mentioned target range of concentration. Genotyping
of CYP3AS (A6986G) was determined by polymerase chain
reaction. MMF dose was also optimized by TDM, aiming
to adjust the trough concentrations of mycophenolic acid
(the active metabolite of MMF) within 1-1.5 pg/mL (9),
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which was monitored by enzyme multiplied immunoassay
technology method.

Role of clinical pharmacists

Clinical pharmacists’ interventions can improve the clinical
outcomes. In 2016, the American Society of Health-
System Pharmacists’ Pharmacy Practice Model Initiative
recommended to develop and disseminate pharmacy
practice models that optimize the use of pharmacists as
direct care providers (10). In this study, clinical pharmacists
were the policymakers of medication protocols, the
implementers of pharmaceutical services, and the consultant
of medication education. Pharmacists working in the Organ
Transplant Center are skilled in perioperative medicine
management of transplant patients and have more than
5 years of work experience. In China, pharmaceutical
services developed rapidly recent years since the Chinese
Ministry of Health firstly proposed to establish a clinical
pharmacist system in hospitals in 2002 (11). A recent
systematic review has shown that in China, the pharmacist-
led intervention could significantly reduce the length of
hospitalization, readmission rate and mortality during
hospital of patients (12). Due to the personal shortage in
majority of hospitals, it is unrealistic to apply personal-
centered pharmaceutical services to all patients (13). In
our hospital, clinical pharmacists provide pharmaceutical
services for the patients who are treated with cardiology,
nephrology, endocrinology, respiratory medicines, as well
as those who received organ transplantation. Moreover,
a medication consultation clinic is set up to provide
inpatient and outpatient consultations to all requesting
pharmaceutical services.

Combined with evidence-based medicine and
clinical pathway methods, we established a three-step-
protocol of pharmaceutical services to regulate the
formulation procedure and specify the main content of the
pharmaceutical care procedure. The three-step protocol for
the kidney transplantation patients was as follows:

(I) Clinician’s application—the clinicians applied for

a pharmacist consultation in the electronic system,
then confirmed by the pharmacist.

(II) Preparation, plan, and implementation of
pharmacist consultation—before each pharmacist
consultation, the clinical pharmacists had good
preparation for understanding the patient's
clinical status, observed and evaluated the patient's
medication-related needs, assessed the potential
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drug-related problems, and then developed an

initial treatment plan.

% For each patient, after face-to-face
communicating with the patient and collecting
clinical information, the pharmacist conducted
a custom-designed medication guideline (time,
methods, attentions), and provided related
pharmacotherapy knowledge.

% The pharmacist optimized the patient’s
medication regimen based on the patient’s
baseline characteristics (such as weight, renal
function, and CYP3AS gene type), which could
prevent possible medication-related problems
(such as thrombosis, postoperative infection,
and leukopenia).

X3

%

The pharmacist could identify and resolve
the medication-related problems, and
communicate effectively with the patients.
A cross-sectional prospective study had
shown that a consistent post-transplantation
pharmaceutical care service is effective to
substantially improve knowledge of post-
transplantation self-care. Pharmaceutical care
should be started as early as possible during
the pre-transplant period and continue in a
long-term follow-up (14). For each patient,
the pharmacist evaluated the potential risks
in clinical practice, and answered the drug-
related consultation questions. Indicators
that were relevant to the undesirable effects
and postoperative complication, especially
the concentration of drugs were paid close
attention. By timely adjustment of the contents
of the pharmaceutical services with the change
of the patient’s condition and drug treatment
plan, the pharmacist could make sure that the
usage and dosage of drugs were appropriate.
(III) Ongoing direct pharmaceutical services and follow-
up—as complex pharmacotherapy regimens for
immunosuppression remain necessary for graft
survival in the solid organ transplant recipient,
and many patients remain on lifelong dual
immunosuppression (15), ongoing follow-up is
necessary. For all patients, the clinical pharmacists
enquired their clinical characteristics, medications,
outcome indices, etc. through the ongoing direct
pharmaceutical care and follow-up. Furthermore,
the specific pharmacist interventions also included

© Translational Pediatrics. All rights reserved.

consultation-based health education and drug
optimization.

Statistical analysis

Statistical analysis was performed using the SPSS software,
version 22.0 (SPSS Inc., Chicago, IL, USA). Continuous
variables were presented as mean = standard deviation and
were compared using either the unpaired Student’s ¢-test
or ANOVA tests. Categorical variables were expressed as
numbers and percentages and were compared using the chi-
square test or Fisher’s exact test, as appropriate. P values
<0.05 were considered statistically significant.

Results
Characteristics of recipients

There were five male and seven female recipients. The major
cause of ESRD (33.3%) was chronic glomerulonephritis
(Table I). Their mean age at the time of transplantation
was 8.73+2.91 years (range, 4.6-14.8). The mean weight of
recipients was (21.79+6.52) kilograms (range, 14-37.5). The
mean height of recipients was (115.83+14.90) centimeters
(range, 95-143). The average hospitalization days were
43+19.34 days (median, 42.5). All patients received peritoneal
dialysis before transplantation.

Outcome of recipients

Primary outcome

The Immunosuppressive regimen is shown in 7able 2. No
statistical significance was observed in TAC concentration/
dose between the two CYP3AS genotypes (AG and GG) by
t-test (P>0.05, P,,=0.992, P, =0.323, P, =0.167).

The results from stepwise multiple regression suggested
that the time required for steady-state concentration of
TAC was correlated with the CYP3AS5 genotype (P=0.0464)
(1able 3).

Secondary outcome

Periprocedural complications occurred in 10 of 12
patients (83.3%). The most frequent complication was
bleeding 25%) and DGF (25%) (Table 4). Acute rejection
occurred in one recipient 19-day post-transplantation.
The renal function resumed to be normal by pulse therapy
with methylprednisolone and maintenance therapy with
peritoneal dialysis. Other complications included urine
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Table 2 Immunosuppressive regimen post-transplantation

Case 5 Case 6 Case 9 Case 4 Case8 Case 10

Case 7 Case 3

Case 2

Case 1

Immunosuppressive regimen post-transplantation

375 20 20.5 215 235 24

15 235

29

18

Weight, kg

GG GG GG AG AG AG

GG

CYP3A5

50 25 25 25 25 25

50 25 25

25

Anti-CD25 monoclonal

Immune induction

scheme

antibody, mg

240 160 160 160 160 160

240 120 200

160

MP, mg

TAC, mg

Immune maintenance

scheme

540 360 540 360 540 540

360 540

540

360

MMF, mg

0.50+0.25

0.42+0.29

1 week after administration

Blood TAC

0.15+0.025

0.20+0.089

2 weeks after administration

concentration/dose

© Translational Pediatrics. All rights reserved.

0.26+0.024

0.23 + 0.11

4 weeks after administration

MP, methylprednisolone; TAC, tacrolimus; MMF, mycophenolate mofetil; mg, milligram.

Wen et al. Pharmaceutical services for kidney transplantation patients

Table 3 Multiple stepwise regression equations for the required
days of reaching steady-state blood concentration

Variable B SE Partial R® R? F P

Gene  -3.3333 1.41593 0.4092 0.4092 5.54 0.0464

leaks (cases 1 and 3), hydronephrosis (case 4), nephredema
(case 5), and pulmonary infection (cases 2 and 7). Graft
loss was found in two patients. The first graft loss occurred
2 days post-transplantation in case 11 due to thrombosis.
The second graft loss occurred 10 days post-transplantation
in case 12 due to peritonitis.

Figure 2 shows the change of blood concentration
of TAC, levels of AST, ALT, and SCr of the post-
transplantation patients. The average SCr at 1-week post-
operation was 344.5+222.1 pmol/L, which could be regarded
as the sign of recovered renal function when decreased
to 130 pmol/L. The results from logistic regression
analyses suggested that no statistical significance was
observed between the recovery of renal function and
either the dose of anti-CD25 monoclonal antibodies,
methylprednisolone, TAC, or MMEF. The CD4, WBC as
well as APT'T levels after the transplantation are shown in
Figures 3-5.

Increased levels of ALT and AST were observed in
two patients, whose blood concentrations of TAC were
both above 20 ng/mg. After dose adjustment, both levels
decreased (Figure 2). Leukopenia was observed in five
of the ten successfully transplanted patients, which was
considered to be partly associated with MMF (Figure 4).
Therefore, those patients received MMF dose adjustment
and symptomatic supportive therapy. Of note, the
immunosuppressant of one patient was changed from MMF
to mizoribine. However, this patient stopped using MMF
again owing to the elevated uric acid by mizoribine. In
addition to this, other side effects such as gross hematuria,
reduced urine output, and increased creatinine were also
observed in other patients.

10 successfully transplanted patients were followed
up for 1-year post-operation to ensure good adherence.
The average height of the patients changed from
117.9£16.11 to 127.1£14.10 cm (the increase ranged
1-15 cm), and the average weight changed from 23.25+6.27
to 27.52+8.19 kg (the increase ranged 1-9 kg). Only
2 patients showed qualitative proteinuria, with an average
24 h urine volume of 1,125+324 mL. However, the symptom
of proteinuria improved after symptomatic treatment with

Transl Pediatr 2022;11(6):834-847 | https://dx.doi.org/10.21037/tp-21-515
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Table 4 Outcomes of recipients

841

Outcomes of recipients Case1 Case2 Case3 Case4d

Case5 Case6 Case7 Case8 Case9 Case 10 Case 11 Case 12

Complications after
transplantation

Acute graft rejection d19

DGF
Thrombosis

Bleeding di2 d4

Urinary fistula d23 di14

Hydronephrosis d21

Nephredema

Pulmonary infection d5

Peritonitis
Adverse drug reaction

Elevated ALT and/or AST  d25

Gross hematuria d22

Leukopenia di13

Reduced urine output and do

increased creatinine
Increased uric acid

Long-term prognosis (one
year after operation)

Increase in height, cm 11 15 20

Increase in weight, kg 7 9 5.4 1

Proteinuria + + - -

24-hour urine output, mL 1,000 1,300 1,200 700

d3 d3 d3

d2
d2

d20
d2
d10

d7

da7 d15 d12 d3

d15

8 15 1

+

1,400 1,000 1,000 1,200 1,450 1,000

DGF, delayed graft function; d19 means the day 19 after kidney
aminotransferase; cm, centimeter; kg, kilogram; ml, milliliter.

Huangkui capsule.

Discussion
Major finding

Kidney transplantation is the ideal form of renal replacement
therapy. Since it was first performed in pediatric patients
in the 1960s and 1970s (16,17), the success rate of
kidney transplantation has been constantly increasing
with the development of surgical techniques and new
immunosuppressive agents, as well as the postoperative
care of pediatric kidney transplant patients (18,19). Based

© Translational Pediatrics. All rights reserved.

transplantation; d, day, ALT, alanine aminotransferase; AST, aspartate

on the guidelines for transplant perioperative treatment,
we summarized a perioperative patient-centered clinical
pharmaceutical services based on the three-step protocol
for 12 pediatric kidney transplantation patients, whose
mean age at the time of transplantation was 8.73+2.91 years,
established an internet follow-up system, and achieved a
good outcome.

Law of pharmacy

Table 5 provides a summary of recommendations in patients.
It is important to emphasize here that the drugs listed
in the table were the most, but not all drugs that used in

Transl Pediatr 2022;11(6):834-847 | https://dx.doi.org/10.21037/tp-21-515



842 Wen et al. Pharmaceutical services for kidney transplantation patients

25 i
T T T T T T T T A A T T 1

8w 9w3m 6m 9m 12m

20

TAC, ng/mL
2

—_
o
1

54
-~ SCrumol/L  -®= TAC, ng/mL

0- - ALT U/L r 1000
900
800
AST U/L L 700
600
500
400
300
200
- 4100
J. T 100

ts0

/N LSY /N LV “1/owr 10s

-0

Tw 2w 3w 4w 5w 6w 7w 8w 9w3m 6m 9m 12m
Post-operative time
Figure 2 Changes in SCr, ALT and AST of recipients after transplantation. SCr, serum creatinine; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; TAC, tacrolimus; w, week; m, month.
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Figure 3 Changes in CD#4 of recipients after transplantation. CD4, Figure 4 Changes in WBC of recipients after transplantation.
cluster of differentiation 4; d, day; w, week. WBC, white blood cell; d, day; w, week.
the therapy. Other treatments such as liver protection Inductive immunosuppressive therapy
treatment, anti- anemia treatment, and symptomatic Inductive immunosuppressive therapy consists of initial
supportive treatment were equally important. induction and maintenance regimens to prevent rejection.
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Induction may be defined as treatment with a biologic
agent either before, at the time of, or immediately after
transplantation to deplete or modulate T cell responses at
the time of antigen presentation (20). Bunnapradist ez a/. (21)
retrospectively analyzed the United Network for Organ
Sharing Data to identify factors associated with the use
of induction therapy and classes of induction agents used
for kidney transplant recipients. The authors concluded
that antibody induction was associated with a lower risk
of rejection and better graft survival. A recent randomized
controlled trial (22) concluded that among patients at high
risk for acute rejection, induction therapy consisting of
a 5-day course of antithymocyte globulin, as compared
with basiliximab, reduced the incidence and severity of
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Figure 5 Changes in the APTT over time. APT'T, activated partial

thromboplastin time; d, day; w, week.
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acute rejection. Considering that acute rejection is more
frequent in children than in adults (23), we chose anti-
CD25 monoclonal antibodies and methylprednisolone as
the induction drugs and adopted a normal dose of anti-
CD25 monoclonal antibodies of 1 mg/kg/d. The dose of
methylprednisolone was calculated according to the patient’s
weight at an original dose of 10 mg/kg/d, then gradually
decreased by 40 mg/d until withdrawal. In our study, the
incidence of acute rejection was 1/12 (Table 4). This patient
was assessed again by the clinic pharmacist and then treated
with peritoneal dialysis and methylprednisolone pulse
therapy. The incidence could be reduced by optimizing the
immune induction regimen in the future.

Maintenance immunosuppression therapy

Maintenance immunosuppression uses multiple medications
to target different regions of the immune response to
prevent rejection or graft versus host disease (GVHD) (24).
In a randomized trial (25), Trompeter er 4/. demonstrated
that TAC was significantly more effective than cyclosporine
in preventing acute rejection after kidney transplantation
in a pediatric population. As stated in the annual report
issued by the NAPRTCS (26), a TAC-MMF-prednisone
or TAC-MMF combination was the most common
maintenance immunosuppression regimen used. Several
studies had documented that complete steroid avoidance
was safe in children receiving primary kidney transplants
(27-29). Considering the adverse effects of steroids, we
chose a TAC-MMF combination regimen in this study.

Administration time

Therapy Drug name Dose (post-operation, d) Drug administration Target concentration
Inductive Anti-CD25 monoclonal 1 mg/kg/d 0,7,14 Intravenous
immunosuppressive antibody
th
erapy Methylprednisolone 10 mg/kg/d 0-7 Intravenous
Maintenance TAC 0.1 mg/kg/d 0-1 24-h continuous infusion 6-10 ng/mL
immunosuppression 1- Oral
therapy
MMF 360-540 mg 0- Oral 1-1.5 pg/mL
Antiplatelet therapy Heparin 5-10 U/kg/h 0-7 24-h continuous infusion
Aspirin 100 mg 7- Oral (per evening)
Antimicrobial therapy Piperacillin 100 mg/kg/d -1-7 Intravenous
Tazobactam 12.5 mg/kg/d -1-7 Intravenous

TAC, tacrolimus; MMF, mycophenolate mofetil; mg, milligram; kg, kilogram; d, day; U, unit; h, hour; ng, nanogram; pg, microgram.
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TAC is a widely used immunosuppressive medication with
a narrow therapeutic index and large between-patient
pharmacokinetic variability, with a half-life of approximately
12 to 18 hours. Many researches have evidenced the link of
CYP3AS5 polymorphism with the inter-individual variability
in oral TAC disposition. As Clinical Pharmacogenetics
Implementation Consortium (CPIC) Guidelines
recommended, extensive metabolizers (CYP3A5*1/*1) in
the genotyped-dosed group had an increase in TAC dose to
0.3 mg/kg/day, whereas the poor metabolizers
(CYP3A5*3/*3) had a decrease to 0.15 mg/kg/day, and
the intermediate metabolizer (CYP3A5*1/*3) received
0.2 mg/kg/day (30). However, all patients were administered
TAC as a continuous i.v. infusion at 0.1 mg/kg/d after
the surgery for about at least 3 days to ensure its steady-
state blood concentrations when genotype information
is not available (31). Then, patients were transferred to
oral TAC, receiving the initial oral dose of which guided
by the CYP3AS polymorphism. The subsequent dose
individualization for both TAC and MMF were adjusted
according to clinical pharmacist judgement, depending on
the serum level. Of note, TAC therapy could be associated
with nephrotoxicity, resulting in long-term renal dysfunction,
hypertension, and hyperlipidemia. Thus, the serum index for
liver and renal functions should be in regular monitoring.
Figure 2 showed both the information of the SCr value
and TAC blood level, the same change tendency of the
two indicators could help for the understanding of the
relationship between them. Additionally, the variance of TAC
trough blood level gradually becomes smaller over time,
suggesting the efficient TAC therapy management by the
pharmaceutical services.

Antiplatelet therapy

Graft thrombosis is the most common cause of early
graft failure in pediatric kidney transplantation (32).
The rate of graft loss due to thrombosis is significantly
higher in younger children (less than 2 years of age) as
compared with older age groups (33). In a clinical trial (34),
Nasrin Esfandiar revealed a reduction in kidney allograft
thrombosis incidence in children who received heparin
and aspirin after transplantation. The American College
of Chest Physicians Evidence-Based Clinical Practice
Guidelines (35) suggested that all children, in light of the
individual risk factors for bleeding, and the perceived risk of
the thrombosis, will require individualization of the initial
dosing strategy of unfractionated (or standard) heparin. When
aspirin is used for antiplatelet therapy in children, it is used
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in doses of 1 to 5 mg/kg per day (Grade 2C). In our study,
heparin was administrated intravenously at an original dose
of 5-10 U/kg/h, then it was switched to oral aspirin (100 mg,
each night). As seen in Figure 5 and Table 4, although APTT in
the patients was at normal-range levels, there were 3 cases of
bleeding and 1 case of thrombosis. A possible explanation was
that extrapolating the APT'T range from adults to pediatric
patients was unlikely to be valid (35). Strategies to enhance
postoperative pharmaceutical monitoring might involve
employing thrombelastography and enhancing monitoring.

Antimicrobial therapy

Regarding the use of antimicrobials, we chose piperacillin
(100 mg/kg) combined with tazobactam (12.5 mg/kg) as
the regular postoperative medication. Reasons for this were
that allograft kidney transplantation was a type 11 incisional
procedure, so the procedure time was always long, and
the graft could be regarded as an implanted foreign
body. Furthermore, considering the ICU stay of donors,
we could not exclude the possibility of contamination
with multidrug-tolerant bacteria, so empiric broad-
spectrum antimicrobial coverage was advocated. Besides,
the most often postoperative infections, such as urinary
tract infection and pulmonary infection, managed by the
initial administration of empirical antibiotics covering
both Gram-negative and Gram-positive bacteria, and
specific therapy is thereafter initiated when identifying
the pathogen by the available culture results. Figure 3
showed a visual description for the change of CD4 values,
which is an indicator of infection, especially for the lung
infection. Similarly, Figure 4 depicted the trend of WBC
levels, which is useful for the inflammation evaluation.
When the patients showed increased WBC levels
(>10x10°/L), empirical antibiotics combines with specific
therapy could be considered. For example, urinary
tract infection presenting with clinical features of acute
pyelonephritis should be treated for at least 1014 days, until
the pathogen had been eradicated by assessment of infection
samples after a certain follow-up (36,37). Furthermore, as
post-transplant immunosuppression unnecessarily posed
the patient to an increased risk of infection in general, close
attention should be paid to the immunosuppressant dosage
and treatment regimen, the individualization of the drug
therapy would help to allow more effective antimicrobial
potency of the host immune system.

Long-term follow-up
As regards the follow-up of the successful patients, we
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designed a series of questionnaires (Appendix 1,2) to
gain more insight into the growth and development,
postoperative recovery, and medication adherence of the
patients. Our pharmacy internet follow-up system was
established on the basis of the follow-up system for the
donors and the recipients. Three main functions were
designed to achieve our goal of long-term follow-up: data
entry (export), remote communication, and a personalized
short message service reminder. The establishment of this
system could improve patient adherence, and promote the
accumulation of clinical data. Follow-up on the patients
postoperatively showed a significant improvement in
the growth and development, and the transplants were
successful.

Clinical consideration

As a member of the clinical team, clinical pharmacists play
a significant role throughout the process of transplantation.
Before the operation, we participate in the pre-operative
assessments of the patients, and establish the individualized
medication protocol. After the operation, we adjust
treatment plans in response to changes during the
postoperative therapy, and pay close attention to adverse
effects. Moreover, the medication education conducted by
clinical pharmacists helps patients and their parents capture
the correct use of drugs. Through every follow-up, clinical
pharmacists provide and reinforce basic education on disease
prevention and management of medication administration.
Clinical pharmacists reduce medication errors, improve
medication utilization, and enhance medication adherence.

Strengthbs and limitations

Pharmacists are critical members of care teams, and the
inclusion of pharmacists in direct patient care improves
control of chronic conditions (38). This study has significant
implications for the route of pharmaceutical services in the
clinical setting of transplantation for pediatric recipients. It
may help others develop a more complete clinical pathway
on the patient-care based on therapeutic care pathways for
the pediatric recipients. Several limitations need to be noted
regarding the present study. One of them is that the sample
size is relatively small. It is mainly because the groups of
pediatric kidney transplantation originating from infants
and young children have a relatively small sample size.
That’s why we could not carry a trial in which some patients
undergo pharmaceutical services and some don't, and
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compare their current outcomes. Moreover, the patient-care
based on pharmaceutical services aimed to individualize the
drug therapy for each pediatric patient, to ensure their good
clinical outcome. Therefore, all pediatric patients were
followed by our patient-centered pharmaceutical services
based on therapeutic care pathways. The second limitation
is that we lack long-term follow-up data. As missing to
follow-up is an inherent problem in the longitudinal
study, this study might also suffer from this problem.
Thirdly is the retrospective and observational nature of the
study, and it is limited to practice at one center. Further
research should be undertaken to explore how to choose a
suitable individualized dosing regimen for pediatric kidney
transplantation patients, and how to achieve precision
surveillance for adverse events.

Conclusions

The three-step-protocol of pharmaceutical services strategy
in this study report is based on guidelines for transplant
perioperative treatment in China and the United States. We
recommend this management model for the perioperative
patent-care in pediatric patients who had received
transplants, especially those who received their kidney
from infants and young children. This study strengthens
the idea that clinical pharmacists can enhance the quality
of patient-centered care based on three-step-protocol of
pharmaceutical services for pediatric patients receiving
kidney transplantation. Further studies are required to
better understand the roles that clinical pharmacists play
in the immunosuppression, medical management infection
prevention and treatment pre- and post-transplantation,
with a multi-disciplinary team approach and of course the
multi-center randomized controlled trials that have allowed
for meaningful outcome analysis.
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Supplementary

Appendix 1 Registration form of medication use

Name No of hospitalization date
Drug dose usage blood drug concentration ADR
Immunosuppresant cyclosporine A(CsA) __ mg/d Oqd __ng/ml Oyes
Obid Ono
TAC (FK506) __mg/d Oaqd _ ng/ml specificity
Obid
MMF __mg/d Ogd -
Obid
Prednisone (Pred) __mg/d Oqd -
Obid
Other drugs

MMF, mycophenolate mofetil; mg, milligram; d, day; ng, nanogram; ml, ml, milliliter; qd, once a day; bid, twice a day; ADR, adverse drug
reaction.

Appendix 2 Questionnaire on medication compliance of pediatric kidney transplantation patients

Name: Gender: Age: ID:

Height: cm Weight: kg
Please answer the following questions according to your latest acupuncture experience.
1.Information of the child’s chaperone
1) education background of the child’s chaperone
2)How would you rate your awareness of your child's illness?
a. Poor b. Fair c. Good d. Excellent
3) How would you rate your awareness of the function, contraindication, and adverse reactions of the medications your child is taking.
a. Poor b. Fair c. Good d. Excellent
4) How would you rate your trustness of the medical staff?
a. Poor b. Fair c. Good d. Excellent
2. The medication compliance of the child.
How would you rate your child’s drug compliance on
Poor Fair Good Excellent
the times of administration
the dosage of administration
the type of drugs
the punctuality

the persistence

cm, centimeter; kg, kilogram
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