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Abstract

Objective: To assess the prevalence of pDDI involving antimicrobials and other standardized drugs in a large general hospital in the interior of
S3o Paulo. Methods: quantitative study, with cross-sectional design and data collection by documentary analysis of hospital prescriptions from
April to June 2017. Results: 66 clinically relevant pDDI were found, which corresponded to approximately 7.3% of antimicrobial prescriptions,
being 93.9% (62) contraindicated / severe and 6.1% (4) moderate. There was no difference in the prevalence of clinically relevant pDDIs between
critical and non-critical inpatient, in addition to all contraindicated interactions (10) having occurred in the clinical and surgical units. The most
prevalent pDDI were, with respective degrees of documentation, between vancomycin and amikacin (47%- reasonable), clarithromycin and
simvastatin (13.6%- good), and ciprofloxacin and simvastatin (7.6%- good). Conclusion: For the proper prevention of potential drug-related
problems, mechanisms to guarantee the quality of prescriptions by trained clinical pharmacists are of fundamental importance, in addition to
alert systems and drug interaction information for the health team, then ensuring quality pharmacotherapy and patient safety.

Keywords: drug interactions; anti-infective agents; patient safety; hospital; pharmacy service.

Intera¢6es medicamentosas clinicamente relevantes envolvendo antimicrobianos em um
hospital geral: um estudo transversal

Resumo

Objetivo: investigar a prevaléncia de IMP envolvendo antimicrobianos e outros medicamentos padronizados em um hospital geral de grande porte
dointerior de Sdo Paulo. Métodos: Foi realizado um estudo quantitativo, com delineamento transversal e coleta de dados por analise documental
de prescricdes hospitalares durante o periodo de abril a junho de 2017. Resultados: foram encontrados 66 IMP clinicamente relevantes, as quais
corresponderam a aproximadamente 7,3% das prescricdes de antimicrobianos, sendo 93,9% (62) contraindicados/graves e 6,1% (4) moderadas.
N&o houve diferenca na prevaléncia de IMP clinicamente relevantes entre as unidades de internacdo de pacientes criticos e ndo criticos, além
de todas as interagbes contraindicadas (10) terem ocorrido nas unidades de clinica médica e cirdrgica. As IMP mais prevalentes foram, com
respectivos graus de documentagdo, entre vancomicina e amicacina (47%- razodvel), claritromicina e sinvastatina (13,6%- bom) e ciprofloxacina
e sinvastatina (7,6%- bom). Conclusdo: é evidente a importancia de mecanismos que assegurem a qualidade das prescrigdes para adequada
prevencdo de potenciais problemas relacionados a medicamentos, por farmacéuticos clinico treinados, além de sistemas de alerta e de divulgagdo
de informacdes para a equipe de saude, garantindo assim a qualidade e seguranga da farmacoterapia e do paciente.

Palavras-chave: interacdes medicamentosas; seguranca do paciente, hospital, servico de farmacia.

Introduction

Although drugs are used to prevent, diagnose and treat diseases,
they can generate drug-related problems (DRPs), which are defined
as any undesirable event experienced by a patient that involves or
is suspected to involve drug therapy and this, interferes potentially
in its therapy.! Therefore, it is important to note that drug-drug
interactions (DDI) are recognized as a DRPs and when not identified

and corrected, they can lead to relevant clinical complications.
DDIs are defined as a change in the effect of a drug arising from
the interaction with one or more drugs and can cause an increase
or decrease in the success of pharmacotherapy.? They are a major
concern in the health area because they increase the frequency of
outpatient care or length of stay, health costs and negatively impact
morbidity and mortality.>* Consequently, resolving PRMs is essential
to improve the quality of care and treatment and patient safety.
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The risk and severity of drug interactions depend on differents
factors, including the number of drugs prescribed and duration of
treatment, the patient’s clinical characteristics and conditions, and
the segmentation of health care to which patients are subjected.
® Therefore, as a DDI will not always generate a clinically relevant
result, then the potential DDI (pDDI) is considered, defined when
there is a concomitant administration of two or more drugs that
can lead to a relevant result, therefore, the pDDI are of concern
due to its likelihood of causing adverse drug reactions (ADRs).’

Antimicrobials are among the most prescribed drugs in outpatient
and inpatient settings.®® While the rate of use of antimicrobials
in developed countries is 30%, in underdeveloped countries, it is
between 35 to 60%, both for therapeutic or prophylactic indications,
during the hospitalization period.’ It is estimated that more than 50%
of the prescriptions are inadequate in the route of administration,
in the dose and duration of treatment, as well as the indication of
the drug.>!® The inappropriate use of antimicrobials contributes to
emergence and development of resistant organisms and, in addition,
they are subject to pDDIs because they are always in association with
other drugs prescribed for treatment and patient support, might
leading to increased morbidity, mortality and health costs.’

Baniasadi, Farzanegan and Alehashem?® identified that antimicrobial
agents represented the main pharmacological class involved in
serious pDDI and contraindicated in patients seen in a cardiothoracic
intensive care unit (ICU), accounting for 45.87% of these events. The
same was observed by Queiroz et al*> for whom antimicrobials were
the main class involved in clinically relevant pDDI in neonatal ICUs, and
by Marques et al*, who observed that antimicrobials were among
the three classes of drugs with the highest prevalence of clinically
significant PDDI in the ICU. Beyond them, Ziehl et a/** identified that
antimicrobials were involved in 12 (23.5%) of the 51 pDDI detected
in ICU patients and a positive incremental relationship was found
between number of medications, length of stay, and number of pDDI;
and Kuscu et al*® multicentric study identified that pDDI involving
antimicrobials were present in 22.7% of hospitalized patients.

Due to the potential for drug interactions presented by the
administration of antimicrobials, the risk of clinical consequences
added to the patient’s clinical condition (number and types of
drugs prescribed, complexity of therapeutic schemes, severity of
the disease), it is increasingly necessary to know the interactions
and highlight those that they really relevant in the clinic, prioritizing
electronic alerts (if the hospital has a computerized system) to
facilitate the work of the clinical pharmacy, thus avoiding risks to
patient’s health due to the use of medicines.’

Thus, this study aims to analyze the profile of prescriptions with
antimicrobials, identifying the prevalence of clinically relevant
pDDIs involving the association of antimicrobials and other drugs
in a large general hospital in the interior of Sdo Paulo state,
Brazil, in its various inpatient units. It is expected to promote
and emphasize the importance of hospital investments in clinical
pharmacy teams and support systems for medical prescription.

Methods

Quantitative study, descriptive, with cross-sectional design and data
collection by documentary analysis of hospital prescriptions, from April
to June 2017. The research was carried out in a large general hospital
serving adults and pediatrics with 319 beds, destined to attend the
Unified Health System (70%), health plans and private individuals in
the Piracicaba region, Sdo Paulo state, Brazil. At that time of this study,
the pharmacist’s team was composed of seven professionals, who
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were responsible for all functions of the Pharmacy Service and a scale
for one of these pharmacists to participate in the multiprofessional
visit at the two Adult ICU, as part of a preliminary work of clinical
pharmacy. There were electronic and manual prescriptions but no
one electronic pDDI alert and verification system.

This study was approved by the Research Ethics Commission (n.
58/2016).

The antimicrobial drugs, as well as their respective pharmaceutical
forms, concentrations, and routes of administration, were
identified by consulting the institution’s database. Next, they were
classified according to the Anatomical Therapeutic Chemical (ATC)
- ATC / DDD Index (WHOCC)*¢, adopting the first classification level
related to the anatomical groups.

The pDDI among antimicrobials and other drugs for systemic use
were identified using IBM Micromedex® Drug Interactions®’.

They were classified according to severity:
e Contraindicated- when drugs must not be used concurrently.

e Major - the interaction may be life-threatening and/or
requires medical treatment or intervention to minimize or
prevent serious adverse effects.

e Moderate- the interaction may result in an exacerbation of
the patient’s condition and/or requires a change in therapy.

e Minor- the interaction would have limited clinical effects,
and the manifestations may include an increase in the
frequency or severity of side effects, but it usually does not
require a change in therapy.

And according to the degree of documentation, which considers
the quality of the existing scientific evidence, suggested by
Micromedex® Drug Interaction'’ database:

e Excellent - when controlled studies established the
existence of the interaction.

e Good- when strong documentation suggests the existence
of an interaction, but well-controlled studies are lacking.

e Reasonable- when the available documentation is scarce,
but the pharmacological bases make it possible to suspect
the interaction.

¢ Poor- when documentation is limited to case studies.

e Improbable - when documentation is and

pharmacological bases are lacking.

poor

¢ Unknown- when the documentation about the interaction
is not known.

Forthe purposesofthisstudy, contraindicated, majorand moderate
pDDIs with at least a reasonable degree of documentation were
considered of clinical relevance.

To calculate the prevalence of pDDI, the total number of
prescriptions - manual and electronic - from all inpatient units
served by the Pharmacy Service was analyzed one fixed day a
week for 10 weeks, from April to June 2017. Thus, all prescriptions
of Adult ICU, Emergency Care ICU (EC- ICU), Unit Coronary (CCU),
Pediatric ICU, and Clinical, Surgical and Pediatric wards were
analyzed during this period. The patients admitted to EC-ICU
correspond to those who are just waiting for a bed in the Adult
ICU and, therefore, were considered critical patients in addition to
these for the present analysis.
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The results were displayed in tables and figures for a better
description of the prevalence and relevance of pDDI in the
different inpatients units, including critical and non-critical ones.

To check the chance of prescribing antimicrobials, as well as the
occurrence of pDDI, to be associated with the unit of hospitalization,
Odds-Ratio with a 95% confidence interval (Cl) was calculated,
followed by the Chi-square, considering statistically significant p
values <0.05, with the help of the Bioestat 5.3 program.

Results

The total of 2,486 prescriptions were analyzed in the period, of
which 904 (36.4%) contained at least one antimicrobial.

Throughout the period, 88 pDDI were identified, of which 10
(11.4%) contraindicated, 52 (59.1%) major, 4 (4.5%) moderate
and 22 (25%) minor. When the severity was assessed together
with the recommendation degree of the documentation, 66
pDDI (75%) were classified as clinically relevant, with 93.9%
(62) contraindicated / major and 6.1% (4) moderate. Thus,
approximately 7.3% of antimicrobial prescriptions have presented
clinically relevant pDDI. The number of prescriptions, as well as
the pDDI and characteristics regarding the severity and degree of
evidence of the documentation, can be seen in Figure 1.

Figure 1: Number of prescriptions evaluated and pDDI identified,

Micromedex® Drug Interaction
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Table 1 shows the prevalence of prescriptions containing
antimicrobials and clinically relevant pDDI in the inpatient units.

In an attempt to assess the chance of inpatient units (IU) being
significantly involved in the prevalence of prescriptions for
antimicrobials and identified pDDI, Table 2 shows the result of
the proportions test - Odds-Ratio (OR), with 95% ClI - followed by
calculating the Chi-Square, with p <0.05 for statistical significance.
There was a significant relationship between inpatient units and
the prevalence of prescriptions with antimicrobials, being higher in
critical care units, especially in the Adult/EC -ICUs and Pediatric ICU.
Already among the non-critical patients, Clinical and Surgical wards
presented the higher antimicrobials prevalence. However, the same
was not observed when considering the prevalence of pDDI involving
these drugs. This was similar between critical and non-critical patients,
among critical patients from different ICUs and between clinical and
surgical patients, being significantly higher only when comparing the
prescriptions of the Clinical with those of the Pediatric unit (p = 0.03).

Next, the antimicrobial drugs involved in the respective clinically
relevant pDDI during the study period are identified. During this period,
56 antimicrobial drugs were available for systemic use in the institution,
belonging to the therapeutic groups: antibacterial, antimycotic,
antimycobacterial and antiviral. Of these, 13 drugs (19.7%) were involved
in the clinically relevant pDDI, which are described in Table 2.

with severity and degree of documentation according to IBM

Total prescriptions analyzed 2.486
Prescriptions containing
e ; 904
antimicrobials
S——
pDDI involving antimicrobials 88
I I I 1
. Contraindicated Major Moderate Minor
Severity of the pDDI (n
Y of the pDOI (n) ‘ (10 ’ [ (52) ] ‘ @) ] (22)
Good Excellent (5) Good R ble (21)
i easonable
Degree of documentation of pDDI (10) Good (11) (4)

according to Micromedex® (n)

Poor (1)
Reasonable (36)

Table 1: Prevalence of prescription containing antimicrobials and clinically relevant pDDI per inpatient unit.

Inpatient Unit  Prescriptions Prescriptions containing antimicrobials

Clinical relevance of pDDI involving antimicrobials

N % Cl S M Total

Adult ICU 252 126 50,0 - 15 - 15
EC-ICU 177 79 44,6 - 7 - 7
Pediatric ICU 178 79 44,4 - 3 - 3

ccu 100 20 20,0 - 1 - 1
Clinical 764 310 40,6 3 19 4 26
Surgical 622 198 31,8 7 6 - 13
Pediatric 393 92 23,4% - 1 - 1
Total 2486 904 36,4 (11%,1% ) ?728,8%) ?6,1%) 576[3%)

Cl: Contraindicated; S: Major; M: Moderate.
ICU: Intensive Care Unit; EC-ICU: Emergency Care ICU; CCU: Unit Coronary.

elSSN: 2316-7750
pISSN: 2179-5924

rbfhss.org.br/

[kl

© Authors


http://rbfhss.org.br

Pavanello, L, Farhat, FG, Carvalho, RP, et al. Clinically relevant drug interactions involving antimicrobials in a general hospital: a cross-
sectional study. Rev Bras Farm Hosp Serv Saude. 2021;12(2):0573. DOI: 10.30968/rbfhss.2021.122.0573.

RBFHSS

The results show that glycopeptide (vancomycin) with
aminoglycosides represented the highest prevalence of pDDI
during the study (50.0%, 33) — been amikacin (47.0%, 31) and
gentamicin (3.0%, 2) - and 63.5% of the 52 pDDI classified as major.

In the sequence, with the second highest prevalence of pDDI,
is the macrolide clarithromycin (24.2%, 16). All interactions
described with this drug had occurred in non-critical patients,
have a good to excellent degree of evidence and responded
for 90% (9) of contraindicated, 7.7% (4) of major and 75% (3) of
moderate pDDI identified, with risk to put patient’s life at danger
due to serious adverse reactions.

The third highest prevalence of pDDI involved the fluoroquinolone
ciprofloxacin (10.6%, 7), which also occurred in non-critical
patients and represented 13.5% (7) of the major pDDI, with at
least reasonable degree of evidence.

Figure 2 summarizes the groups of drugs involved in pDDI with
antimicrobials through the ATC Classification, level 1, and it is possible
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to notice the higher prevalence of interactions between Antiinfectives
for systemic use, followed by Cardiovascular System and Blood and
Hematopoietic Organ, which are related to the chronic treatment of
inpatients comorbidities, especially in the Clinical and Surgical units.

Associations of Anti-infective accounted for 51.5% (34) of the
identified pDDI, mainly explained by the association between
vancomycin and amikacin (31). The non-antimicrobial drugs that
individually presented a higher prevalence of pDDI with antimicrobials
were simvastatin (22.7%, 15, C- Cardiovascular System) and warfarin
(10.6%, 7, S- Blood and Hematopoietic Organs).

In the present study, pDDI with simvastatin occurred when it was
associated with macrolide antimicrobials - clarithromycin (9) and
azithromycin (1), and to the fluoroquinolone group - ciprofloxacin
(5). On the other hand, pDDIs involving the combination of warfarin
and antimicrobials occurred when used concomitantly with
penicillins- piperacillin + tazobactam (3) and oxacillin (1); macrolides
- clarithromycin (2), and fluoroquinolones- ciprofloxacin (1).

Table 2: Analysis of the relationship between inpatient units and the prevalence of antimicrobials prescription and clinically relevant pDDI.

Prescriptions containing

Clinical relevant pDDI

Variables antimicrobials OR (C195%) P involving antimicrobials OR (C195%) P
Yes No Yes No

Patient Criticality

Critical 304 403 1.48 (1.24-1.77)  <0.0001* 26 278 1.31(0.78-2.19) 0.37

Non-critical 600 1178 40 560

Critical patient profile

Adult ICU + EC-ICU (db) 205 224 22 183

Pediatric ICU (e) 79 99 76

CCU (@) 20 80 19

(dd) (o) 1.15(0.81-1.63) 0.50 3.05(0.89-10.48) 0.11

(&) (@) 3.66 (2.16 - 6.19) <0.0001* 2.28(0.29-17.90) 0.67

(o) (®) 3.19 (1.80-5.66) <0.0001* 0.75(0.27-2.12) 0.79

Non-critical patient profile

Clinical (&) 310 453 26 284

Surgical (0) 198 424 13 185

Pediatric (O) 92 301 1 91

(@) (0) 1.47 (1.17-1.83)  0,0009* 1.30 (0.65-2.60) 0.56

(@) (O) 2.24(1.70-2.95) <0.0001* 8.33(1.11-62.25) 0.03*

(0) (o) 1.53(1.15-2.04)  0.0048* 6.39 (0.82 —-49.64) 0.08

Odds-Ratio (OR) with a 95% confidence interval (Cl) and Chi-square test with statistical significance if P value <0.05*.

ICU: Intensive Care Unit; EC-ICU: Emergency Care ICU; CCU: Unit Coronary.

Figure 2: ATC classification (level 1- anatomical groups) of drugs involved in pDDI with antimicrobials during study period.

0,
1,5% = 51,5%

4,5%
B 4,5%.

m 10,6%

| 27,3%.

m J - Antiinfectives for systemic use

m C - Cardiovascular system

® B - Blood and blood forming organs

B H - Systemic hormonal preparations, excl. sex hormones and insulins
N - Nervous system

A - Alimentary tract and metabolism
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Table 3 - Description of pDDI according to severity, prevalence, inpatient unit (Ul), besides degree of evidence*, potential adverse

effects*, speed* and recommended clinical conduct*.

Potential Drug-Drug Interaction N (%) Degree of . .
Drug A Drug B U-n evidence Potential adverse effect (speed1) and clinical conduct
Contraindicated n=10
Clarithromycin Simvastatin 9 (13.6%) Good Myopathy and rhabdomyolysis (NS1): discontinue simvastatin
Clinical =2 during treatment or replace it with a statin that is not dependent
Surgical -7 on CYP3A4 metabolism. If concomitant therapy cannot be avoided,
use the lowest possible dose of simvastatin.
Linezolid Fluoxetine 1(1.5%) Good Serotonin syndrome (NS1): immediate interruption of fluoxetine
Clinical - 1 treatment and monitoring for syndrome serotoninergic por 5
weeks or up to 24 hours after the last dose of linezolid.
Major n=52
Vancomycin Amikacin 31 (47.0%) Reasonable Nephrotoxicity and / or additive ototoxicity (NS1): if the
Adult ICU-13 concomitant therapy cannot be avoided, monitor the patient and
EC-ICU-6 his renal function, adjusting the dose of both if necessary.
Ped ICU -3
Clinical =3
Surgical — 6
Gentamycin 2 (3.0%) Reasonable Nephrotoxicity (NS1): monitoring of renal function.
Clinical. = 2
Ciprofloxacin Simvastatin 5(7.6%) Good Myopathy and rhabdomyolysis (NS1): monitoring of signs and
Clinical =5 suspending concomitant use if creatinine enzyme levels show a
significant increase.
Warfarin 1(1.5%) Excellent Bleeding (latel): when possible, replace ciprofloxacin with another
Clinical - 1 with a lower risk of bleeding (clindamycin and cephalexin). If
concomitant use, monitor the INR frequently.
Amiodarone 1(1.5%) Reasonable Cardiotoxicity due toincreased QT interval (NS1): avoid concomitant
Clinical - 1 use. Due to amiodarone’s long T1/2, the drug interaction may occur
even after discontinuation.
Clarithromycin Warfarin 2 (3.0%) Excellent Bleeding (latel): when possible, replace clarithromycin with
Clinical = 2 another with a lower risk of bleeding (clindamycin and cephalexin).
If concomitant use, monitor the INR frequently.
Carbamazepine 1(1.5%) Excellent Decrease in clarithromycin levels and increase in carbamazepine
Clinical - 1 (fast1): consider the need to adjust the doses of one or both.
Digoxin 1(1.5%) Excellent Increased toxicity of digoxin (nausea, vomiting, arrhythmias) (latel):
Clinical = 1 monitoring blood concentrations of digoxin and signs of toxicity.
Piperacillin+ Warfarin 3(4.5%) Good Bleeding (latel): when possible, replace piperacillin with another
Tazobactam Adult ICU-2 with less risk of bleeding. If concomitant use, monitor the INR
ccu-1 frequently.
Sulfamethoxazole+ Amitriptyline 1(1.5%) Good Cardiotoxicity due to increased QT interval (NS1): concomitant
Trimethoprim Clinical = 1 administration is not recommended.
Azithromycin Simvastatin 1(1.5%) Good Rhabdomyolysis (NS1): patient monitoring for signs and symptoms
Clinical = 1 of rhabdomyolysis (dark urine, muscle pain).
Isoniazid Rifampicin 1(1.5%) Good Hepatotoxicity (latel): monitoring of liver function, especially in
Clinical - 1 patients with risk factors.
Neomycin Furosemide 1(1.5%) Reasonable Ototoxicity and / or additive nephrotoxicity (NS1): concomitant
EC-ICU-1 use should be avoided due to the risk of increased neomycin
concentrations. If used, monitor for ototoxicity / nephrotoxicity.
Oxacillin Warfarin 1(1.5%) Reasonable Decreased INR / prothrombin time and anticoagulant effectiveness
Clinical =1 (latel): concomitant use may require a 2 to 4-fold increase in
the dose of warfarin to maintain the target anticoagulation, with
constant monitoring of INR / thromboplastin time.
Moderate n=4
Clarithromycin Prednisone 3(4.5%) Good Increased plasma concentrations of prednisone and its adverse
Clinical -3 effects (latel): dose adjustment may be necessary in concomitant
treatment with clarithromycin and drugs metabolized by CYP3A4.
Fluconazole Cimetidine 1(1.5%) Good Decreased absorption and effectiveness of fluconazole (latel):
Clinical —1 concomitant use should be avoided. Otherwise, administer
cimetidine at least two hours after fluconazole and carefully
monitor the patient for antifungal effectiveness.
TOTAL 66 (100%)

1 Time to start the adverse event: fast (<24h), late (> 24h), unspecified (NS). * according to MICROMEDEX® Drug Interaction database; ICU: Intensive Care Unit; EC-ICU: Emergency Care
ICU; CCU: Unit Coronar
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Discussion

In recent years, the use of antimicrobials in hospitals has increased
dramatically and more than a third of antibiotics are prescribed in
disagreement with the guidelines, being a common cause of DRPs
and compromising the quality and success of pharmacotherapy
and patient safety.’

The prevalence of prescriptions containing antimicrobials
was 36.4% (88), varying from 20% to 50% depending on the
inpatient unit and being higher in the ICUs. Rodrigues and
Bertoldi'® identified that 52.4% of ICU patients used at least one
antimicrobial in a private hospital in Santa Maria - RS, while Alvim
et al*® observed a prevalence of 25% among patients admitted
to the ICU of a hospital in Juiz de Fora — MG, in contrast to the
findings by Vicent et a/*°, where 70% of patients received at least
one antibiotic during hospitalization of ICU.

The prevalence of pDDI in antimicrobial prescriptions in this study
was lower than that described by Piedade et a/?, in a large hospital
in Jequié - BA, which found 46.5% of prescriptions for antimicrobials
with some pDDI, also computing the non-significant ones, and that
Kuscu et al*®, which identified 22.7%. On the other hand, although
the proportion of clinically relevant pDDI is lower than that found
by other authors, their severity was greater than that described by
them. In the present study, 75% of the identified pDDI were classified
as clinically relevant, been 93.9% contraindicated / major and 6.1%
moderate, while Alvim et al*® described 98.0% of the total pDDI
identified as having an important and well-documented clinical
value, been 51.0% contraindicated / major and 46.9% moderate;
Piedade et al** described 80.4% of the pDDI identified as having
clinical relevance, been 30.3% contraindicated / major and 49.9%
moderate; and Kuscu et al** described 94.1% of the pDDI with clinical
relevance, been 45.8% contraindicated / major and 54.2% moderate.

The differences in institutions, profile of inpatients, protocols adopted
and measures to control and monitor the prescription and use of
antimicrobials can help to explain the differences found, since these
authors used the same source IBM Micromedex® Drug Interactions'’
and format for classification of pDDI that the present study.

Moreover, Clinical and Surgical wards presented 100% of the
contraindicated pDDI in the period, as well as proportions of
major pDDI close to those of the critical patients. Consequently,
whatever the scenario, it is evident the importance of mechanisms
that ensure the quality of the prescription for the adequate
prevention of potential serious and preventable adverse events
in critical and non-critical patients. In addition, this predominance
should alert the clinical pharmacist to the need for attention also
to the pDDI that can occur after the drug reconciliation process
carried out during the moment of the patient’s hospitalization.

Corroborating the results of the present study, Kurcu et al** also
found no differences in the prevalence of pDDI between critical
and non-critical patients, and between clinical and surgical
patients. In these units, most patients are submitted to multiple
therapeutic regimes and, considering the severity presented by
hospitalized patients, the probability of DDI is greater.

Such a situation reinforces the importance of clinical pharmaceutical
activity both in ICU as well as in units for non-critical patients, at least
with the careful pharmaceutical evaluation of the prescriptions and
guiding the team as to the management and or monitoring of the
patientin relation to clinically relevant pDDI. Newsome et al*? identify
that, although intensive care pharmacists are widely recognized
members of the team, unlike other health care professions they
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do not have standardized proportions of pharmacist/patient that
establish the best cost-benefit ratio and at the same time maintain
the optimal patient safety. Furthermore, there is heterogeneity
between their activities, with significant responsibilities in addition
to direct patient care activities, with many leaderships, teaching and
institutional quality improvement initiatives.

It is noteworthy that the pharmacist’s intervention during
prescription in critical patients was able to decrease the rate
of preventable adverse events with medications by 66%, from
10.4 to 3.5/1000 patient-days (p <0.001). However, a single
pharmacist cannot perform all fundamental daily activities in all
patients, requiring integration with other trained pharmacists
and technicians, with the support of hospital administrators and
others, highlighting the need for interprofessional education to
enable more effective multidisciplinary teamwork.?>

The pDDI between anti-infective for systemic use identified during
the study period was higher than found by Piedade et al/**, who
described 5.7% of this occurrence, related to antimicrobials for
restrict use. Aminoglycosides were also pointed out as the most
frequent class in pDDI involving antimicrobials, by Queiroz et al*?,
and by Silva et al**, which evaluated pDDI in a neonatal ICU.

The association of vancomycin glycopeptide with aminoglycosides
is justified in critically ill inpatients due to synergy with
staphylococci or enterococcal organisms, as a strategy to increase
the effectiveness of treatment and reduce the development
of bacterial resistance.?®?’” In addition to the Adult-ICU, this
association was also found in non-critical patients at the Surgical
and Clinical wards and, therefore, requires the same clinical
follow-up for signs of additive nephrotoxicity and ototoxicity.

Consideringthatstatinsare substratesfortheenzymaticmetabolism
of cytochrome P450 (CYP450), the CYP3A4 isoenzyme, as well as
antimicrobials, especially macrolides (erythromycin, clarithromycin
and azithromycin), these drugs represent a significant potential for
pharmacokinetic DDI, being the clinical relevance of this difficult
to determine interaction. In addition, macrolides can self-stimulate
their biotransformation into nitroalkanes, which form inactive
CYP3A4-iron metabolite complexes, causingisoenzyme inhibition.?®

Clarithromycin and erythromycin have a more pronounced
inhibition of CYP3A4 and are therefore associated with an increased
risk of myopathy and rhabdomyolysis by simvastatin, lovastatin
and atorvastatin. In addition, they have the ability to inhibit the
permeability of glycoprotein (P-gp) and the uptake transporter
OATP1B1, which can increase serum concentrations of all statins,
including those not metabolized by CYP3A4.28

On the other hand, fluvastatin and rosuvastatin are metabolized
by CYP2C9, while pravastatin is not metabolized by CYP, being less
susceptible to pDDI. However, Li et al?® described that clarithromycin
was able to cause an increase in adverse events also for these
statinsindependent of CYP3A4, probably by inhibiting the transport
molecules responsible for their hepatic uptake. These authors
suggest that azithromycin would be less involved in adverse events
caused by statins because it is not a strong inhibitor of CYP3A4
nor does it inhibit transport molecules. Helfenstein Fonseca et
al*®, also describes as important, the fact that statins have high
rates of binding to plasma proteins (from 80% to >99%), with the
exception of pravastatin (43% to 55%), and can be displaced from
these storage sites by other drugs with greater affinity. Thus, even
for statins with less potential for pharmacological interactions, risk
situations can still be observed, where adequate monitoring and
initial use of lower doses may be essential.
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The increased risk of myopathy and rhabdomyolysis due to the
interaction of ciprofloxacin with simvastatin occurs by addition,
since this quinolone is among the more than 150 drugs known to
cause rhabdomyolysis, with its toxicity proportional to the time of
exposure.®? Furthermore, ciprofloxacin is a weak CYP3A4 inhibitor
fluoroquinolone and a substrate of P-gp and ATP1B3 which can
contribute to the interaction mechanism.?

The second most important pDDI between antimicrobials and non-
antimicrobials was involving warfarin. All pDDI described refer to
an increased risk of bleeding, except for oxacillin and other beta-
lactamase-resistant penicillins, which increase the metabolism of
warfarin and reduce its effectiveness. The probable mechanism
of pDDI that increases the risk of bleeding involves changes in the
synthesis of vitamin K by the drugs involved.

On the other hand, the increased risk of bleeding by combining
warfarin with macrolides, such as clarithromycin, is associated
with a pharmacokinetic interaction by reducing the renal excretion
of warfarin when associated with this class of antimicrobials.
Monitoring and frequent adjustment of the anticoagulant dose are
necessary atthe beginningand atthe end of the joint treatment with
macrolides and possibly for several days after the discontinuation
of this class. In contrast, the mechanism involved in the association
with quinolones is unknown and it is recommended to replace the
antimicrobial or at least, to constantly monitor the anticoagulant
activity and possible dose adjustment of warfarin.

Adding to the context, the time for the onset of the adverse event after
the occurrence of the drug interaction is, in most cases, not specified or
given as late by the scientific literature. This can contribute to hamper
the prompt recognition by the health team of the relationship between
the adverse event and the pDDI, which increases the importance of
prevention mechanisms and alerts to the health team.

Given the above, the mastery of possible DDl among medications is
a necessary clinical activity in the hospital environment. Although
not all DDI can be prevented, the spread of knowledge among
health professionals, through the pharmaceutical professional,
is one instruments for preventing DDI. Thus, leading to quality
and harm-free care for the patient, besides contributing to the
improvement of quality of life with regard to the optimization of
pharmacotherapy and the rational use of medicines.*?

The present study compared clinically relevant pDDI in different
inpatients units, but it has some limitations. As a cross-sectional studly,
it only reported prevalence of pDDI in one period, but the actual
occurrence of these interactions or if the clinical staff performed
adequate monitoring of the patients were not investigated. Despite
weekly intervalsto data collection, itis possible that some prescriptions
are from the same patient over time. Another limitation is the lack
of data collected on the number of drugs and pDDI specifically per
prescription, which would enrich the analysis.

Conclusion

pDDIs with antimicrobials are a real risk in hospital prescriptions
and represent preventable and mostly serious adverse events,
with sufficient evidence level of documentation. They were
observed in both intensive care units and non-critical care units.
In addition, they were not necessarily related to the proportion of
prescriptions containing antimicrobials in the respective inpatient
units. Vancomycin with amikacin, clarithromycin, and ciprofloxacin
were the antimicrobials with the highest prevalence of pDDI, while
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simvastatin and warfarin represented the non-antimicrobial drugs.
Thus, the importance of monitoring the prescription and the
patient by trained clinical pharmacists is emphasized, in addition to
alert and information systems for the health team. In this sense,
the present work contributed to the identification, description and
guidance for the management of clinically relevant pDDI involving
antimicrobials, in addition to highlighting the importance of hospital
support to qualification of the pharmaceutical team and electronic
systems to for preventing these adverse events and, consequently,
to the improve the quality of pharmacotherapy and patient safety.
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