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ABSTRACT

Aim: to evaluate the impact of the medication use profile on the occurrence of complications
in kidney transplant patients at a university hospital in Brazil. Methodology: retrospective study
using data from renal transplant patients' medical records (n = 182). Interactions between
immunosuppressants and other prescribed drugs were analyzed. Results: 68.7% of the patients
were male. The average age was 48.15 years. The most frequent comorbidities were
hypertension (62.6%) and diabetes (33.5%). The average hospital stay was 21.68 days. 104
drugs were used, 9.71 per patient. As an initial immunosuppressive regimen, 45.1% were
prescribed tacrolimus + mycophenolate, 54.4% tacrolimus + sirolimus, and 0.5%
mycophenolate + sirolimus. The drugs prescribed with probable interaction with tacrolimus
were omeprazole (88.46%), amlodipine (48.90%), and isoniazid (37.91%); with sirolimus, they
were amlodipine (29.67%) and isoniazid (20.33%), and with mycophenolate, omeprazole
(39.01%). Prescribing a greater number of drugs increased hospitalization time by up to 8.5
days, while the use of calcium channel blockers predicted a reduction of approximately 5 days.
Conclusion: The profile of medication use showed that drug prescriptions can have an impact
on hospital stay.

Keywords: Drug therapy; Kidney transplantation; Length of stay; Immunosuppressive agents;

Drug interactions.

INTRODUCTION

Kidney transplantation is a therapeutic alternative for patients with chronic kidney
disease (CKD), providing longer survival and improved quality of life indicators, as well as

being associated with a reduction in long-term healthcare costs 2. In 2023, kidney
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transplantation was the main category of transplants carried out in Brazil in absolute numbers,

with a total of 6047 procedures, followed by 4262 of bone marrow and 2365 liver 2.

In this context, the use of immunosuppressive drugs is essential to prevent organ or
tissue rejection and, consequently, graft dysfunction *°. Immunosuppressive pharmacotherapy,
that transplant patients are submitted aims to reduce the body's immune response, can be
divided into two phases: induction of immunosuppression and maintenance °°.
Immunosuppression induction is used before, during, or in the post-transplant period to increase
effectiveness and reduce the risk of organ rejection. Maintenance phase involves the long-term
use of a combination of immunosuppressants drugs to prevent the rejection of the transplanted

organ ®.

Transplant patients are more susceptible to opportunistic pathogens that can cause
serious diseases and increase the risk of mortality °. Underlying diseases are common and can
lead to a worsening of the prognosis of CKD post-transplant patients. In this context, diabetes
mellitus (DM) and systemic arterial hypertension (SAH) stand out as the main risk factors for
the occurrence of CKD 8. This situation can lead to the use of five or more drugs
simultaneously by the same patient, classified as polypharmacy °, a practice that can increase
the occurrence of drug interactions and other drug-related problems (DRPs) in transplant
patients, resulting in the increasing risk of adverse effects and can reduce the efficacy and
effectiveness of the treatment, leading to morbidity and mortality, complications, and length of
hospital stay, as well as graft dysfunction and rejection, in addition to increasing the risk of

opportunistic infections °.

The literature considers 11 days to be the average hospital stay for kidney transplant
patients. A hospital stay of more than 12 days post-transplant is considered prolonged **. Thus,
polypharmacy can be a determining factor in prolonging a patient's hospital stay, given the

complexity of their condition 2.

Considering the limited number of qualitative studies in this segment and based on the
assumption that a whole therapeutic arsenal is necessary to avoid organ rejection and guarantee

the individual's quality of life in post-transplant therapy, this study aims to assess the prevalence
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and factors associated with the use of medication by analyzing the clinical and

sociodemographic characteristics of kidney transplant patients at a university hospital.

METHODOLOGY

This is a retrospective observational study carried out at the kidney transplant service of
the Walter Cantidio University Hospital (HUWC), part of the Federal University of Ceara
Hospital Complex (CH-UFC), located in the city of Fortaleza - CE. This service is made up of
two outpatient clinics, both with multi-professional teams, divided according to care into a pre-

renal transplant clinic and a post-renal transplant clinic.

This study was approved by the HUWC Research Ethics Committee under n°.
67093523.2.0000.5045. The target audience for the study was post-transplant kidney patients

at HUWC, from March 2019 to May 2022, who were on maintenance immunosuppression.

The following variables were analyzed: sociodemographic data (gender, age, schooling,
length of stay in days, and comorbidities), initial immunosuppressive therapy consisting of the
following regimens: tacrolimus and mycophenolate sodium (FK + MS), tacrolimus and
sirolimus (FK + SRL), or sirolimus and mycophenolate sodium (SRL + MS). In addition, data

was collected on the drugs used at hospital discharge.

The drugs prescribed to the patients in the study were listed according to the Anatomical
Therapeutic Chemical (ATC) classification - 2nd level: therapeutic subgroup 2. All possible
interactions between the immunosuppressants and the other drugs prescribed for each patient
were analyzed and recorded in accordance to the Clinical Protocol and Therapeutic Guidelines
for Immunosuppression in Renal Transplantation ® and the Donation and Transplantation
Manual 3. Patients who were using five or more medications simultaneously were considered

to have polypharmacy therapy °.

The information collected was compiled and stored in a Microsoft Office Excel®
spreadsheet and analyzed using IBM-SPSS® version 22 statistical software. Numerical data is

represented as mean + standard deviation (SD); categorical data is presented as absolute and
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relative frequencies (n(%)). A heat map was used to investigate whether patients who used more
medication had longer hospital stays. Comparisons between continuous variables from up to
two groups were analyzed using Student's t-test. A linear regression was also carried out using
sociodemographic and clinical data, assessing the following categorical variables: interval of
medication uses and use of ATC CO08 class medications (predictor variables), predict patients'
length of stay. A scatter plot was also generated to assess the categorical variables that predict
length of stay. For all analyses, p < 0.05 was used.

RESULTS

The medical records of 182 post-renal transplant patients were analyzed, 125 of whom
were male (68.7%) and had a mean age of 48.15 + 13.691 years. There was no difference in age
(p = 0.114) between female patients (47.77 £ 12.795 years) and male patients (49.23 + 13.996
years). 64.2% (n = 117) of the patients collected had a low level of education, ranging from

those who could not read and write to those who had only completed primary school (Table 1).

The most prevalent comorbidities were SAH (62.6%, n = 114) and DM (33.5%, n =61),
followed by dyslipidemia (7.7%, n = 14) and thyroid disorders (2.7%, n = 5). It is interesting to
note that apart from hypertension and diabetes, the other comorbidities were very uncommon
in the study. It is worth noting that 23.1% (n = 42) of the patients had no comorbidity. According
to the analysis of the medical records, the patients' length of stay ranged from 6 to 110 days,
with an average of 21,68 + 16,34 days (Table 1).
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Table 1 - Sociodemographic characteristics and comorbidities of the patients (n = 182).

Sociodemographic data

n=182
Gender N %
Female 57 31.3%
Male 125 68.7%
Age Mean * Standard deviation P
Female 47.77 £ 12.795 0.1142
Male 49.23 + 13.996
Total 48.15 + 13.691
Age group N %
< 18 years 1 0.5%
18 to 30 years 18 9.9%
31 to 59 years 121 66.5%
> 59 years 42 23.1%
Education level N %
Not being able to read or write 15 8.2%
Elementary school 8 4.4%
Incomplete middle school 37 20.3%
Complete middle school 57 31.3%
Incomplete high school 4 2.2%
Complete high school 57 31.3%
Incomplete college 1 0.5%
Complete college 3 1.6%
Comorbidities N %
System Arterial Hypertension 114 62.6%
Diabetes Mellitus 61 33.5%
Dyslipidemias 14 7.7%
Thyroid disorders 5 2.7%
Systemic Lupus Erythematosus 4 2.2%
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Gout 3 1.6%

Heart diseases 3 1.6%
Hepatitis 2 1.1%

Breast cancer 1 0.5%
Epilepsy 1 0.5%
Hemophilia 1 0.5%

HIV 1 0.5%

ADHD 1 0.5%
Glaucoma 1 0.5%
Cirrhosis 1 0.5%
Generalized anxiety disorder 1 0.5%
Cognitive deficit 1 0.5%
No comorbidity 42 23.1%

Length of stay N %

<10 days 44 24.2%
10-19 days 53 29.1%
20-29 days 46 25.3%
30-39 days 19 10.4%

>40 days 20 11%

Average time: mean £ SD 21,68 + 16,34

aUnpaired T-test; HIV — Human Immunodeficiency Virus; ADHD — Attention Deficit Hyperactivity Disorder.

Source: the authors.

A total of 104 different drugs were used by the analyzed patients. The 21 most used
drugs are described in Table 2. The others had a frequency of use of less than 9%, such as
hydralazine 8.79%, doxazosin 6.04%, ranitidine 4.95% and simvastatin 4.4%. All the patients
used more than 1 drug, with the majority using between 5 and 10 (Table 2). The average number
of drugs used by the patients was 9.71 £ 2.458. 99.5% of the analyzed patients were under use
of polypharmacy (at least 5 drugs used). On the other hand, it was observed that there was a
greater relationship between hospitalization time in the range of 11 to 15 drugs (27.84 £ 20.562
days) (Table 2).
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Regarding the initial immunosuppression regimen prescribed, 45.1% of patients (n =
82) used the FK + MS regimen, 54.4% (n = 99) used FK + SRL, and only 1 patient used MS +
SRL (Table 2). In addition, the heat map showed that a greater number of patients had fewer

days in the hospital when they used a lower number of drugs (Figure 1).

Table 2 - Clinical data and distribution of the drugs most used by patients.

Clinical Data %
Initial therapy n =182
Tacrolimus + Sirolimus 99 54.4%
Tacrolimus + Mycophenolate sodium 82 45.1%
Mycophenolate sodium + Sirolimus 1 0.5%
Range of drugs used n/mean of length of stay in days + SD
0 to 4 drugs 1/31 days 0.5%
5to 10 drugs 116/18.11 + 12.483 days 63.7%
11 to 15 drugs 63 /27.84 + 20.562 days 34.6%
over 15 drugs 2/29.5 +10.607days 1.1%
Mean number of drugs: mean + SD 9.71 + 2.458
Drugs used Number of patients in use
Tacrolimus (FK) 181 99.45%
Nystatin 171 93.96%
Sulfamethoxazole + Trimethoprim 169 92.86%
Omeprazole 162 89.01%
Sirolimus (SRL) 102 56.04%
Amlodipine 90 49.45%
Erythropoietin 80 43.96%
Mycophenolate sodium (MS) 80 43.96%
Isoniazid 70 38.46%
Pyridoxine (vitamin B6) 68 37.36%
Clonidine 51 28.02%
Furosemide 45 24.73%
Prednisone 45 24.73%
NPH insulin 42 23.08%
Atenolol 37 20.33%
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Sodium bicarbonate 36 19.78%
Regular insulin 30 16.48%
Carvedilol 24 13.19%

Calcium polystyrene sulfonate 21 11.54%
Acetylsalicylic acid 18 9.89%
Ferrous sulfate 17 9.34%

SD — Standard deviation. Source: the authors.

Figure 1 - Heat map illustrating the number of drugs and length of stay.
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Source: the authors.

The drugs prescribed at discharge were classified according to ATC (Table 3). The
classes most used by patients (apart from immunosuppressants) were topical antifungals
(93.96%, n = 171), antibiotics (92.86%, n = 169), drugs for acid-related disorders (87.36%, n =

159) and selective calcium channel blockers (51.10%, n = 93).
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Table 3 - Distribution of drugs used among patients according to Anatomical Therapeutic

Chemical (ATC) classification (second level: therapeutic subgroup).

ATC N %

L04 - IMMUNOSUPPRESSANTS 182 100%
D01 - ANTIFUNGALS FOR DERMATOLOGICAL USE 171 93.96%
JO1 - ANTIBACTERIALS FOR SYSTEMIC USE 169 92.86%
A02 — DRUGS FOR ACID RELATED DISORDERS 159 87.36%
C08 — CALCIUM CHANNEL BLOCKERS 93 51.10%
B03 — ANTIANEMIC PREPARATIONS 90 49.45%
C07 - BETA BLOCKING AGENTS 72 39.56%
JO4 — ANTIMYCOBACTERIALS 70 38.46%
All - VITAMINS 68 37.36%
Al2 - MINERAL SUPPLEMENTS 46 25.27%

C03 - DIURETICS 46 25.27%

A10A —INSULINS AND ANALOGUES 45 24.73%

HO02 — CORTICOSTEROIDS FOR SYSTEMIC USE 45 24.73%
MO1 — ANTIINFLAMMATORY AND ANTIRHEUMATIC PRODUCTS 18 9.89%
C02 — ANTIHYPERTENSIVES 16 8.79%

C10 - LIPID MODIFYING AGENTS 15 8.24%

C01 - CARDIAC THERAPY 13 7.14%

NO3 — ANTIEPILEPTICS 11 6.04%

G04 — UROLOGICALS 10 5.49%

JO5 — ANTIVIRALS FOR SYSTEMIC USE 8 4.40%
NO5 — PSYCHOLEPTICS 8 4.40%

BO1- ANTITHROMBOTIC AGENTS 7 3.85%

A06 -DRUGS FOR CONSTIPATION 5 2.75%

HO03 - THYROID THERAPY 5 2.75%

N06 — PSYCHOANALEPTICS 5 2.75%

NO2 — ANALGETICS 4 2.20%

A10B — BLOOD GLUCOSE LOWERING DRUGS, EXCLUDING 3 1.65%

INSULINS

J02 - ANTIMYCOTICS FOR SYSTEMIC USE 3 1.65%
MO04 — ANTIGOUT PREPARATIONS 3 1.65%

P01 - ANTIPROTOZOALS 3 1.65%

R06 — ANTIHISTAMINES FOR SYSTEMIC USE 3 1.65%
AQ5 — BILE AND LIVER THERAPY 1 0.55%

AQ07 — ANTIDIARRHEALS, INTESTINAL 1 0.55%

ANTIINFLAMMATORY/ANTIINFECTIVE AGENTS

C05 — VASOPROTECTIVES 1 0.55%

HO05 — CALCIUM HOMEOSTASIS 1 0.55%

NO4 — ANTI-PARKINSON DRUGS 1 0.55%

R05 - COUGH AND COLD PREPARATIONS 1 0.55%
V03 — ALL OTHER THERAPEUTIC PRODUCTS 1 0.55%

Source: the authors.
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When studying the interactions that can occur between immunosuppressants and other
drugs taken by the patient, it could be seen that amlodipine, omeprazole, isoniazid, and
prednisone are the most frequent drugs. Thus, we list the patients who are susceptible to each

of these interactions below.

The probable interactions between immunosuppressants and drugs in relation to
tacrolimus include: omeprazole (88.46%, n = 161), amlodipine (48.90%, n = 89), isoniazid
(37.91%, n = 69), prednisone (23.63%, n = 43), fluconazole (1.65%, n = 3), diltiazem (0.55%,
n = 1), phenytoin (0.55%, n = 1), and carbamazepine (0.55%, n = 1). About sirolimus, probable
interactions can occur with amlodipine (29.67%, n = 54), isoniazid (20.33%, n = 37),
clonazepam (1.65%, n = 3), levamlodipine (1.1%, n = 2), nifedipine (0.55%, n = 1), gabapentin
(0.55%, n = 1), and fluconazole (0.55%, n = 1).

Regarding MS, interaction can occur only with omeprazole (39.01%, n=71). The linear
regression model was used to see if there was a relationship between polypharmacy and length
of stay. This analysis showed a significant model [X?(1, N = 181) = 14.072; P < 0.001; R? =
0.073], which reveals that the greater the number of drugs used, the longer the hospital stay,

increasing by up to around 8.5 days (Table 4).

Linear regression was also carried out to see if it is possible to predict the length of
hospital stay based on the drugs used by the patient. It was found that only drugs belonging to
the ATC CO08 class (calcium channel blockers) showed a significant model [X?(1, N = 181) =
4.513; P = 0.035; R? = 0.024], in which the use of these drugs predicts a reduction in the length
of hospital stay of approximately 5 days (Table 4). Scatter plots were generated from linear
regression statistics with the range of drug use (A) and the use of ATC CO08 class drugs (B),
both predicting length of stay (Figure 2).
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Table 4 - Analysis of the use of medication in relation to the patient's length of stay and the

influence of the use of calcium channel blockers on the patient's length of stay.

Predictor variable B Standard error p IC 95%
Range of drug use 8,538 2,276 <0,001 4,047 a 13,029
ATC C08 -5,098 2,4 0,035 -9,833 a -0,383

Source: the authors.

Figure 2 - Scatter plots of linear regression statistics with the range of drug use (A) and drugs
belonging to the ATC CO08 class (B) predicting length of stay.
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DISCUSSION

The results of this study showed that the medication use profile of kidney transplant
patients corresponds to polypharmacy, and a significant presence of medications that may
interact with the initial immunosuppressive regimens, directly influencing the length of hospital
stay. These results are important because data in the literature suggest that a longer hospital stay
is associated with a greater graft dysfunction *, and drug interaction can lead to the failure of

immunosuppressive therapy, affecting renal function and reducing patients’ quality of life °.

In this study, males were the most frequent, a finding corroborated by previous studies
14 The prevalence of transplantation in males can be explained by the fact that end-stage CKD
is more prevalent in males °. However, data from the National Health Survey in 2013 and 2019

showed a higher prevalence of females with CKD 26,
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Data from the literature suggests that the occurrence of CKD and the need for kidney
transplantation are more prevalent in older patients. This can be explained by the possible
physiological changes associated to the aging process "8, In addition, other factors can
interfere with the success of kidney transplantation. According to previous studies, schooling
has a direct influence on the success of renal replacement therapy, mainly due to satisfactory
health literacy, which has an association with patient adherence to pharmacotherapy °2°,
However, this study identified a low level of education among many of the patients, which has

a negative impact on treatment and transplant success.

According to the results presented in this study, the presence of polypharmacy was
identified among the patients analyzed in the post-transplant period, with most of them using
between 5 and 10 drugs concomitantly. The drugs most commonly used by these patients were
tacrolimus, nystatin, sulfamethoxazole + trimethoprim, omeprazole, and sirolimus. Data from
the literature shows that the pharmacotherapy of transplant patients is complex, having an
impact on indicators associated with the success of immunosuppression, adherence to
treatment, and the number of drugs administered 2°. A previous study of kidney transplant
patients showed that the average number of medications taken regularly was 9.4, ranging from

3 to 22. A total of 43% of patients were classified in the polypharmacy criteria 2.

In this sense, polypharmacy may be associated with the high rate of comorbidities found
in this study. The prevalence of comorbidities such as SAH, DM, and dyslipidemia found in
this study is similar to the findings in the literature 2, which may have started before the kidney
transplant and increased after the use of immunosuppressants, given the potential of these drugs
to worsen these comorbidities 22, It should also be noted that patients with SAH and
hyperlipidemia are more likely to develop diabetes after kidney transplantation, thus showing

the importance of continuous monitoring of comorbidities in transplant patients 23,

The results of this study also demonstrated that polypharmacy has a direct impact on
the length of hospital stay. A similar association was observed in relation to hospital
readmission, in which intensive care unit patients who underwent multiple pharmacotherapy
regimens had higher rates of hospital readmission, considering the complexity of the cases 2.

In this context, greater exposure to polypharmacy is associated with increased risks of adverse
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drug reactions, drug interactions, undesirable clinical outcomes, and higher healthcare service

utilization 2%,

The maintenance immunosuppressive protocols most used in solid organ transplants are
based on a combination of corticosteroids such as prednisone, calcineurin inhibitors (CNIs)
such as FK, and antiproliferative agents such as mycophenolic acid ®. FK is one of the
calcineurin inhibitor drugs that has been increasingly adopted due to its greater efficacy in
reducing the incidence of acute rejection 2.

SRL, an inhibitor of the target of rapamycin (mTORI), can be used in patients with
chronic rejection or CNI toxicity ® . Therapeutic regimens containing SRL are associated with
greater preservation of kidney function, improving graft and patient survival in the long term
26 In cases where FK cannot be used, the SRL + MS combination can be used, but only for
patients at low immunological risk due to adverse effects and a higher risk of graft rejection °.

Using the linear regression model, it was found that the length of stay was predicted by
the number of drugs used, with an increase of eight days in the length of stay. On the other
hand, the use of calcium channel blockers (CCBs), ATC CO08, predicted a decrease in
hospitalization time of five days.

Studies have shown that the renal protective effect is related to the use of CCB class
antihypertensives in kidney transplant recipients 2”2, Among the possible mechanisms for this
nephroprotection, in addition to the pressure control promoted by these antihypertensive drugs,
are the vasodilation of the pre-glomerular and post-glomerular arterioles, resulting in beneficial
effects on renal hemodynamics 28. In addition, non-dihydropyridine CCBs can help to reduce
proteinuria by altering glomerular capillary permeability 2°. This corroborates the findings of
the present study, which reveals that the use of these drugs is a predictor of shorter hospital

stays in post-kidney transplant patients due to their nephroprotective effect.

A longer hospital stay may be related to higher rates of acute rejection, since
immunosuppression should be at its highest-level during induction therapy in the transoperative
period, being reduced over time. As a result, this scenario increases the occurrence of

opportunistic infections in the post-surgical period, highlighting the need to use antimicrobials
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11 Thus, the need for antimicrobials contributes to polypharmacy and, consequently, to an
increase in the number of days spent in hospital. An extended length of hospitalization has been
observed in patients who used more than five drugs, probably due to the presence of adverse

events caused by the use of multiple drug regimens .

In this sense, the study by Kossoku et al., 2022, showed a positive correlation between
polypharmacy and frailty in kidney transplant patients, classified according to the Kihon
Checklist (KVL), corroborating the results of the present study 2%. This relationship is far too
complex, given that the number of medications is related to the number of comorbidities, which

can lead to this situation of patient fragility 2.

Therefore, although this study has some limitations, such as the need for prospective
follow-up of patients and other factors that may influence the variables, the results support the
importance of implementing strategies to ensure therapeutic success in preventing graft
rejection among kidney transplant recipients. In this situation, our results can help justify the
role of clinical pharmacists, especially in monitoring patients taking multiple medications, to

improve their treatment and reduce issues related to medications.

CONCLUSION

This study showed that the profile of medication used by CKD patients was related to
polypharmacy, with an average of 9.71 + 2.458 medications per patient, which may be a
consequence of factors such as comorbidities and age. In this sense, according to the results
obtained by linear regression, we can observe an influence of the drugs, as well as their
interactions with immunosuppressants, on the patient’s length of stay, making them more
susceptible to opportunistic infections, increasing the risk of morbidity and mortality and
multiple drug regimens. In this sense, the use of drugs such as those in ATC CO08 can help
reduce hospitalization time and improve the patient's quality of life. Therefore, this study
provides an overview of the profile of drugs used by kidney transplant patients, enabling a better

understanding of the pharmacological regimens and interactions to which they are subjected.
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