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ABSTRACT  

Introduction: the pharmacokinetic and pharmacodynamic responses to drugs can 
change during childhood, with children being more susceptible to adverse drug 
reactions than adults. The frequency of adverse reactions and length of hospitalization 
generally increase as the number of drugs administered increases.  
Objective: evaluating the drug associations used in children hospitalized with 
respiratory disorders in the pediatric unit of a teaching hospital in Brazil.  
Methods: this retrospective study was based on the quantitative analysis of data 
collected from medical records of hospitalized children aged 7-12 years with 
diagnoses for respiratory diseases and cystic fibrosis with pulmonary exacerbation. 
The descriptive analyses of data were done using SPSS® v.13.0 software.  
The Micromedex database was used to identify drug interactions and to determine the 
classification based on severity.  
Results: there were 111 possible drug interactions for respiratory diseases  
(25 major, 75 moderate, 10 minor and one contraindicated drug association) in  
49 medical records. For cystic fibrosis, there were five possible drug interactions  
(four major and one minor) in 18 medical records.  
 

Conclusions: these findings indicate that pediatric prescription should be confined to 
essential drugs. The prescription should contain the smallest possible number of 
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medications to prevent possible drug interactions. The availability of a 
multidisciplinary team combined with a program of active pharmacovigilance can help 
to prevent the occurrence of drug. interactions.  

Key words: cystic fibrosis; drug interaction; pediatric; respiratory tract diseases. 

 

RESUMEN 

Introducción: las respuestas farmacocinéticas y farmacodinámicas al consumo de 
medicamentos pueden cambiar en la niñez al encontrarse niños que son más 
propensos a desarrollar reacciones adversas a los medicamentos que los adultos.  
Por lo general, la frecuencia de las reacciones adversas y el tiempo de hospitalización 
aumentan a medida que se incrementa el número de fármacos suministrados. 
Objetivo: evaluar la relación entre los medicamentos utilizados en niños 
hospitalizados por sufrir enfermedades respiratorias en la unidad pediátrica de un 
hospital docente de Brasil. 
Métodos: este estudio retrospectivo se basó en el análisis cuantitativo de la 
información recopilada en las historias clínicas de pacientes pediátricos de 7 a 12 años 
de edad, quienes fueron diagnosticados con enfermedades respiratorias y fibrosis 
quística acompañada de exacerbación pulmonar. Para el análisis descriptivo de los 
datos se utilizó el software SPSS versión 13.0. Asimismo se empleó la base de datos 
Micromedex para identificar las interacciones de los medicamentos y determinar la 
clasificación según el nivel de gravedad. 
Resultados: ocurrieron once interacciones medicamentosas probables en las 
enfermedades respiratorias (25 severas, 75 moderadas, 10 leves y la asociación con 
un medicamento contraindicado) en 49 historias clínicas revisadas. En cuanto a la 
fibrosis quística, hubo cinco interacciones medicamentosas probables (cuatro severas 
y una leve) según 18 historias clínicas. 
Conclusiones: estos resultados indican que la prescripción de medicamentos en 
pacientes pediátricos debe limitarse a los fármacos esenciales y debe contener la 
menor cantidad posible de estos a fin de evitar posibles interacciones 
medicamentosas. La disponibilidad de un equipo multidisciplinario junto con un 
programa de farmacovigilancia activo puede apoyar en la prevención de interacciones 
medicamentosas. 

Palabras clave: fibrosis quística; interacción medicamentosa; pediátrico; 
enfermedades del tracto respiratorio.  

 

  

  

INTRODUCTION  

In clinical practice, the rational prescribing of drugs should consider the dose capable 
of generating a therapeutic effect while causing minimal adverse reactions.1 In certain 
conditions, a combination of two or more drugs can enhance the overall therapeutic 
effect. However, as the number of drugs administered increases, the occurrence of 
drug interactions becomes significant and can lead to adverse reactions, toxicity and 
prolonged hospitalization.2-4 An adverse drug reaction is defined by the World Health 
Organization (WHO) as any noxious, unintended or undesired effect of a drug that 
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occurs at doses used in humans for prophylaxis, diagnosis or therapy. Multiple factors 
can contribute to adverse drug reactions, including multiple drug therapy, disease 
severity and age.2-5  

In particular, the pharmacokinetic and pharmacodynamic characteristics of a drug 
may change during childhood development, with children being more susceptible to 
adverse drug reactions than adults.6,7 Accordingly, effective and safe drug therapy in 
children requires an understanding of organ maturation and of drug absorption, 
distribution, metabolism and excretion, as well as drug action.8,9 For example, some 
drug-metabolizing enzymes do not become active until a certain age is reached and 
this may lead to the accumulation of a drug in the body; in contrast, other enzymes 
may show a higher metabolic capacity compared to adults, resulting in the increased 
production of toxic metabolites.6,7  

In addition, mature renal function is achieved at one year of age, whereas the 
participation of transporter proteins in the active renal excretion and reabsorption of 
many drugs during childhood development is unclear.10,11 The reduction in total 
plasma proteins (including albumin) in neonates and young infants increases the free 
fraction of some drugs, thereby influencing their bioavailability and distribution to 
tissues.6,12,13 Most drugs are administered orally to children and gastric pH increases 
in neonates and infants to reach adult values at ~2 years of age. In addition, 
gastrointestinal motility decreases in neonates and reaches adult levels in older 
infants and children.6,13 With regard to pharmacodynamics, there is little information 
on the interaction between drugs and receptors and the consequence(s) of these 
interactions during childhood development.6 Unfortunately, many drugs are given to 
children in an “off label” manner that requires more significant therapeutic 
monitoring.14 The number of prescribed drugs and posology constitute risk factors for 
adverse reactions and toxicity; monitoring these factors requires a constant review of 
clinical protocols and a large therapeutic arsenal.4 In this study, we evaluated the 
drug associations used in children hospitalized with respiratory disorders in the 
pediatric unit of a teaching hospital in Brazil.  

   

METHODS  

The study consisted of a retrospective and descriptive quantitative analysis of the 
prescription patterns for pediatric patients with respiratory problems hospitalized in 
the Irmandade da Santa Casa de Misericórdia de São Paulo (ISCMSP) in São Paulo 
city from January to December, 2011. This study was approved by the Ethics 
Committee of the ISCMSP (protocol no. 346/11).  

The subject sample was limited to patients with diagnoses defined by ICD-10, Chapter 
X, J00 to J99, and Chapter IV, E84.0, corresponding to respiratory diseases and cystic 
fibrosis with respiratory disorders, respectively.15 Patients aged 7-12 years were 
included in the study.  

A form containing two parts was used to compile data from the medical records:  

- Part 1: contained information on patient identification such as registration number, 
date of admission, name (initials), birth date, age, sex, weight, height, skin color  
(as defined by the Brazilian Institute of Geography and Statistics - IBGE), hospital 
discharge and duration of hospitalization.  
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- Part 2: contained information relating to the patient´s admission: diagnosis  
(ICD-10 criterion/definition), prescription date, drug, dose, route and interval of 
administration.  

 
The Thomson Micromedex database was used to identify drug interactions that were 
then classified according to severity. When there was a health hazard that required 
immediate medical intervention the drug interaction was classified as major.  
The interaction was considered moderate when it exacerbated the patient´s disease 
or adverse effects and required drug substitution. A minor interaction caused clinical 
effects with an adverse reaction but did not require drug replacement. When the 
concomitant use of drugs was not recommended the interactions were classified as 
contraindicated. Since dipyrone and fenoterol hydrobromide are not commercialized in 
the USA, we reviewed the literature data indicative of possible drug interactions 
involving these compounds. The data were compiled using the program Microsoft 
Office Excel®. The descriptive analyses and assessment of the correlation between 
variables were done using Statistical Package for the Social Sciences (SPSS®)  
v.13.0 software.  

   

RESULTS  

 
RESPIRATORY DISEASES  

One hundred and twenty-six medical records were evaluated, of which 82 were excluded 
because they involved patients outside the age limit (exclusion criterion). Of the remaining 
44 records, 24 (54.5 %) were males and 20 (45.5 %) were females. There were five  
re-admissions totaling 49 medical records for the study. The length of hospitalization 
ranged from 1 to 45 days. There were 16 different diagnoses (table 1), the most prevalent 
being unspecified asthma detected in 12 medical records (24 %), unspecified 
bronchopneumonia present in seven medical records (14 %) and status asthmaticus in 
five medical records (10 %). The total number of prescribed drugs was 90 and there were 
1 to 21 prescribed drugs per medical record (mean ± SD: 8.0 ± 5.4); one patient received 
no medication during hospitalization. There were 391 (100 %) administrations of 
medication, with the intravenous route being the most frequently used (37.3 %), followed 
by oral administration (29.7 %), inhalation (20.2 %), gastrostomy (7.4 %) and the 
nasoenteral route (5.4 %).  

Table 2 shows the prescribed drugs recorded in the medical records. Corticosteroids, 
nonsteroidal anti-inflammatory drugs, betalactam antibiotics, beta-adrenergic 
bronchodilators and anti-cholinergic bronchodilators were the most prescribed drugs.  

According to the Micromedex database, there were 21 medical records with possible drug 
interactions (1 to 18 drug interactions per medical record; mean ± SD: 5.3 ± 4.8).  
Four medical records revealed a significant number of possible drug interactions  
(8, 12, 16 and 18 interactions). Figure 1 shows that the administration of up to seven 
medications did not increase the probability of interactions, whereas with > 7 drugs there 
was a progressive increase in the number of possible interactions. In one patient who 
received 21 drugs we detected 18 possible drug interactions (black arrow in figure 1). 
However, in two patients who also received 21 drugs only six possible drug interactions 
were detected (gray arrow in figure 1). Five medical records showed 10 minor 
interactions, 17 medical records had 75 moderate interactions and 12 medical records had 
25 major interactions; only one medical report showed a contraindicated association.  
The total number of possible drug interactions was 111.  
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There was a significant prevalence of major and moderate possible interactions between 
drugs administered concomitantly by the intravenous route (32 % and 18.7 %, 
respectively) and between drugs administered concomitantly by the oral and intravenous 
routes (moderate= 16 % and major= 14.7 %). Among the major interactions, the most 
prevalent involved chloral hydrate, phenobarbital or fentanyl with midazolam (28 %) that 
can induce respiratory depression. The most prevalent moderate interactions involved 
clarithromycin and corticosteroids (10.7 %; induced toxic effects of corticosteroids), 
phenobarbital and corticosteroids (6.7 %; reduction in therapeutic efficacy), acetyl 
salicylic acid and corticosteroids (5.3 %; increased risk of ulcers), midazolam and 
ranitidine (5.3 %; increase in midazolam bioavailability), atracurium besylate and 
corticosteroids (5.3 %; reduction in atracurium besylate efficacy, muscle weakness and 
myopathy), diazepam and phenytoin (4 %; increased toxic effects of phenytoin), 
carbamazepine and phenytoin (4 %; alteration in the plasma concentrations of both 
drugs), hydrochlorothiazide and corticosteroids (4 %; hypokalemia and subsequent 
cardiac arrhythmias), phenytoin and corticosteroids (4 %; reduction in corticosteroid 
efficacy), ciprofloxacin and corticosteroids (4 %; increased risk of tendon rupture) and 
carbamazepine and corticosteroids (4 %; reduction in corticosteroid efficacy). For minor 
interactions, those involving phenytoin and ranitidine (40 %; increase in phenytoin 
concentrations) and carbamazepine and clobazam (20 %; decrease in carbamazepine 
and metabolite concentrations) were the most significant. Only one contraindicated 
association (fluconazole and fluticasone plus salmeterol; increased risk of QT 
prolongation and arrhythmias) was detected.  

 
CYSTIC FIBROSIS  

Eleven patients (3 males and 8 females) diagnosed with cystic fibrosis and pulmonary 
exacerbations were included in this study and there were seven re-admissions, 
totaling 18 medical records. The length of hospitalization ranged from 14 to 23 days 



Revista Cubana de Pediatría. 2016;88(2):166-181 
 
 

  
http://scielo.sld.cu 

173

and the total number of prescription drugs was 27. The number of prescribed drugs 
ranged from 6 to 12 per medical record (7.9 ± 4.3). There were 159 (100 %) 
administrations of medications and the oral route was used most (40 %), followed by 
inhalation (34 %) and intravenous administration (21 %). The most prevalent 
bacteria described in the medical records were Pseudomonas aeruginosa (20 %), 
followed by Staphylococcus aureus (10 %), Streptococcus viridans (10 %) and 
Bulkholderia cepacia, Klebsiella pneumoniae and Neisseria spp. (8.8 % each).  

Figure 2 shows that betalactam antibiotics were the most prescribed medications  
(13 %), followed by mucolytic dornase alfa (10.1 %), pancreatic enzymes (8.8 %), 
nutritional support (8.8 %) and the antibiotic amikacin (8.8 %). The Micromedex data 
base identified five medical records with possible drug interactions. Four medical 
records had four major interactions (vancomycin plus amikacin) and only one had a 
minor drug interaction (amikacin plus piperacillin and tazobactam).  
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DISCUSSION  

 
RESPIRATORY DISEASES  

Intravenous injection was the major route of administration (37.3 %) used in 
respiratory diseases. In addition, the most prevalent major and moderate interactions 
were observed with drugs administered concomitantly by the intravenous route.  
The intravenous administration of drugs in children has great clinical relevance.  
The importance of this route in daily nursing practice includes different methods and 
periods of administration, a range of agents used for dilution, and drug incompatibility 
resulting from the combination of drugs in solution.16 In addition, the drug is 100 % 
bioavailable when administered intravenously and may therefore show greater 
distribution throughout the organism; this can lead to adverse drug reactions and 
interactions.  

There was significant prescription of dipyrone (metamizole) for intravenous and oral 
administration, and this apparently reflected the importance of preventing and 
treatment symptoms such as pain and fever. However, since there is no description of 
dipyrone in Micromedex, the general literature was used to determine possible drug 
interactions. Dipyrone has an antipyretic and analgesic action mediated by the 
inhibition of cyclooxygenase (responsible for the synthesis of arachidonic acid 
metabolites, principally prostaglandins) and activation of the opioid and cannabinoid 
systems (prostaglandin-independent pathway).17 In the medical records evaluated 
there were dipyrone associations with hydrochlorothiazide, furosemide, captopril, 
amlodipine and captopril. Dipyrone can reduce the diuretic effects of furosemide and 
hydrochlorothiazide and decrease the efficacy of antihypertensives such as captopril 
(angiotensin-converting enzyme inhibitor) and amlodipine (calcium channel blocker). 
The mechanism of these interactions seems to involve a reduction in prostaglandins 
levels.18,19 In addition, dipyrone can induce cytochrome P450 enzymes (CYP3A4 and 
CYP2B6) and UDP-glucoronosyltransferase (a conjugation enzyme) that have a very 
significant role in metabolizing drugs. Thus, dipyrone may trigger various drug 
interactions by modulating the activity of cytochrome P450 or the conjugation 
pathway.20-22  

Corticosteroids were the most prescribed drugs and therefore more prone to cause 
drug interactions. Based on the Micromedex database, the drugs that presented the 
highest number of possible drug interactions were phenytoin (23), clarithromycin 
(18), prednisone (16), midazolam (15), carbamazepine (13), methylprednisolone  
(11) and ranitidine (10). Three medical records reported the prescription of 21 drugs; 
two of these cases had six possible drug interactions while the third had 18 possible 
drug interactions. The latter medical record included a prescription for prednisone and 
midazolam, two drugs with higher frequencies of interactions because both are 
metabolized by cytochrome P450 enzymes.23-25 In addition, this same record had a 
prescription for deferasirox, a CYP3A4/5 inducer and moderate inhibitor of CYP2C8,26 
and ranitidine, a weak inhibitor of CYP.27 The combination of these drugs explains the 
greater probability of drug interactions in this case when compared to the other two 
medical records with the same number of prescribed drugs. We also observed that in 
one medical record with 15 drugs prescribed there were only three possible drugs 
interactions while in another record that also had 15 drugs there were 16 possible 
drug interactions. In the latter medical record there was prescription of phenytoin  
(a CYP2C/3A inducer), clarithromycin (a CYP3A4 inhibitor), prednisone, midazolam, 
carbamazepine (a CYP2C9/3A inducer) and methylprednisolone.28,29 Furthermore, the 
five medical records mentioned above also included a prescription for dipyrone, a CYP 
inducer (see Discussion in previous paragraph). Therefore, drugs with a low 
therapeutic index (e.g., phenytoin, carbamazepine, corticosteroids) and that require 
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careful dose control are the most associated with adverse effects related to drug 
interactions. Most of these drugs are used in prolonged treatment and many also are 
biotransformed by hepatic enzymes that can induce additional drug interactions in 
child.1,30  

These findings indicate that pediatric prescription should be confined to essential 
drugs. The prescription should contain the smallest possible number of medications to 
prevent possible drug interactions. In addition, detailed knowledge of the drugs 
prescribed to hospitalized children with different illnesses, sex and age will be useful 
in understanding drug interactions and in avoiding adverse reactions. In this regard, 
nurses have a key role in ensuring quality care, in participating in drug therapy and in 
identifying adverse events and drug interactions. 

 
CYSTIC FIBROSIS  

The management of cystic fibrosis is based on established guidelines, with the drugs 
recommended for pulmonary exacerbations including antibiotics, anti-inflammatory 
agents, bronchodilators, mucolytics, pancreatic enzyme and nutritional support.31-33  
In this study, betalactam antibiotics, mucolytic dornase alpha, digestive enzymes, 
nutritional support and the antibiotic amikacin were the drugs most prescribed, in 
agreement with the literature.  

There was no correlation between hospitalization time and the number of drug 
interactions in the data analyzed (SPSS® v.13.0 software). In addition, there was no 
correlation between the number of drugs prescribed per patient and the occurrence of 
drug interactions, despite the elevated number of drugs per admission (range: 6 to 
12). These findings probably reflect the fact that the hospital where this study was 
done is a referral center for the treatment of cystic fibrosis. A search of Micromedex 
identified the association of amikacin (an aminoglycoside) and vancomycin  
(a glycopeptide) as a major interaction that may increase the risk of ototoxicity and 
nephrotoxicity. The association of vancomycin and amikacin results in combined 
toxicity that may injure the target organ, e.g., kidneys.34-36 In the present study, 
amikacin was administered once a day while vancomycin and piperacillin plus 
tazobactam were administered once every 6 h, with the duration of therapy ranging 
from 14 to 21 days. The administration of aminoglycosides in a single daily dose 
reduces the nephrotoxicity, ototoxicity and vestibular toxicity caused by these 
antibiotics.37,38 One of the medical records revealed a minor interaction due to the 
association of amikacin and piperacillin/tazobactam (betalactam) that may have 
attenuated the efficacy of the aminoglycoside if both antibiotics were administered 
intravenously in the same solution or via the same venous access.  

Aminoglycosides are used because of their effectiveness against gram-negative bacilli 
and their action extends to gram-positive bacteria when associated with betalactam 
or glycopeptide antibiotics.38,39 The acute and chronic pulmonary infections induced by 
the presence of mucus and an inflammatory response can determine the morbidity 
and mortality of cystic fibrosis patients. The treatment of cystic fibrosis with acute 
pulmonary exacerbations often involves the intravenous administration of 
aminoglycosides in combination with other classes of antibiotics.39,40 These antibiotic 
associations are very important for the eradication of resistant P. aeruginosa. 
Polymicrobial infections are common in cystic fibrosis and the most prevalent bacteria 
reported in the medical records of our patients were P. aeruginosa, S. aureus and  
S. viridans.Pseudomonas aeruginosa is the most prevalent bacteria in cystic fibrosis 
and usually appears in children of school age or in adolescents.38,39,41 This species is 
the principal cause of the respiratory exacerbations associated with respiratory 
infections in cystic fibrosis. Correct identification of pathogens is a major challenge 
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and choice of the correct treatment is fundamental for preventing microbial resistance 
to these antibiotics.42,43 Since P. aeruginosa is the most prevalent pathogen in cystic 
fibrosis, treatment with oral fluoroquinolones is a therapeutic option for mild 
exacerbations, whereas antipseudomonal betalactams associated with an 
aminoglycoside, administered intravenously, are used for severe exacerbations.41 

The use of combination antibiotic therapy, the dosing frequency, duration of therapy 
and parenteral administration for the treatment of respiratory tract infections in cystic 
fibrosis may induce significant drug interactions. However, in reference centers, the 
efficacy of treatment with aminoglycosides and the occurrence of adverse reactions 
and toxicity are monitored periodically. In the reference center where this study was 
done, the dosage schedules were chosen in an attempt to prevent drug interactions. 
In this situation, the availability of a multidisciplinary team combined with a program 
of active pharmacovigilance can help prevent the occurrence of drug interactions.  

The inappropriate use of drugs is observed throughout the world in health care 
system and the consequences are enormous for patients and communities. Drugs are 
inappropriately prescribed, dispensed or sold, while many patients fail to take them 
correctly. In contrast, according to WHO, the rational use of medicines is defined as 
“Patients receive medications appropriate to their clinical needs, in doses that meet 
their own individual requirements, for an adequate period of time, and at the lowest 
cost to them and their community.”44 Additionally, monitoring studies aims to focus 
on drugs prescription, dispense and administration and may promote the appropriate 
use and the reduction of abuse or misuse of drugs.45 These studies could collaborate 
to develop a guide to prescribers, dispensers and the general public. According to 
this, the rational use of medicines involves all healthcare professionals, directly or 
indirectly. Previous reports described nurses are able to detect and identify adverse 
reactions.46-48 However, according to recent studies, contribution of nurses fall shorts 
than physicians and pharmacists.49,50  

According to nurses self-reports, the lack of pharmacological background, mainly 
regarding relation between theory and practice aspects (i.e. mechanism of drug action 
and their interactions) is the main factor responsible for this insufficient 
participation.51 Therefore, educational programs, discussion groups and 
pharmacovigilance training could be encouraged to improve nursing involvement in 
detecting and reporting drug-related problems. These strategies will enable nurses to 
play prominent role in pharmacovigilance practices and could reduce significantly drug 
interactions and adverse reactions.  
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