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Introduction: Older patients are more susceptible to medication use, and physiological changes resulting from

aging and organic dysfunctions presented by critically ill patientsmay alter the pharmacokinetic or pharmacody-

namic behavior. Thus, critically ill older people present greater vulnerability to the occurrence of

pharmacotherapeutic problems.

Objective: To evaluate pharmacotherapy and the development of potential adverse drug reactions (ADRs) in

older patients admitted to an intensive care unit (ICU).

Method: A cohort study was conducted in an ICU for adults of a Brazilian University Hospital during a 12-month

period. The patients' pharmacotherapy was evaluated daily, considering the occurrence of ADRs and drug–drug

interactions (DDIs), the use of potentially inappropriate medications (PIMs) for older people, and the pharmaco-

therapy anticholinergic burden (ACB). A trigger tool was used for active search of ADRs, with subsequent causal-

ity evaluation. PIM usewas evaluated bymeans of the Beers criteria and the STOPP/START criteria. The ABC scale

was employed to estimate ACB. The Micromedex® and Drugs.com® medication databases were employed to

evaluate the DDIs.

Results: The sample of this study consisted of 41 patients, with a mean age of 66.8 years old (±5.2). The 22

triggers used assisted in identifying 15 potential ADRs, and 26.8% of the patients developed them. The mean

estimated ACB score was 3.0 (±1.8), and the patients used 3.1 (±1.4) and 3.3 (±1.6) PIMs according to the

Beers and the STOPP criteria, respectively. A total of 672 DDIs were identified, with a mean of 16.8 (±9.5)

DDIs/patient during ICU hospitalization. Our findings show an association between occurrence of ADRs in the

ICU and polypharmacy (p=.03) and DDIs (p=.007), corroborating efforts for rational medication use as a pre-

ventive strategy.

Conclusions: Using tools to evaluate the pharmacotherapy for older people in intensive care can assist in the

recognition and prevention of pharmacotherapeutic problems, with emphasis on the identification of ADRs

through the observation of triggers and subsequent causality analysis.

© 2024 Sociedad Española de Farmacia Hospitalaria (S.E.F.H). Published by Elsevier España, S.L.U. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ancianos ingresados en Cuidados Intensivos
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Introducción: Pacientes de edad avanzada son más susceptibles al uso de medicamentos, y cambios fisiológicos

resultantes del envejecimiento y disfunciones orgánicas presentadas por los pacientes críticamente enfermos

pueden alterar el comportamiento farmacocinético o farmacodinámico. Por lo tanto, personas de edad avanzada

en estado crítico presentan mayor vulnerabilidad a la aparición de problemas farmacoterapéuticos.

Objetivo: Evaluar la farmacoterapia y el desarrollo de posibles reacciones adversas a medicamentos (RAM) en

pacientes de edad avanzada ingresados en una unidad de cuidados intensivos (UCI).
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Método: Se realizó un estudio de cohorte en una UCI para adultos de un Hospital Universitario brasileño durante

un período de 12 meses. Se evaluó diariamente la farmacoterapia de los pacientes, considerando la aparición de

RAM y interacciones medicamentosas (IM), uso demedicamentos potencialmente inapropiados (MPI) para per-

sonas de edad avanzada y carga anticolinérgica de la farmacoterapia (CAF). Se utilizó una herramienta tipo “Trig-

ger Tool” para la búsqueda activa de RAM, con posterior evaluación de causalidad. El uso de MPI se evaluó

mediante los criterios de Beers y los criterios STOPP/START. Se empleó la escala ABC para estimar la CAF. Las

bases de datos de medicamentos Micromedex® y Drugs.com® se emplearon para evaluar las IM.

Resultados: La muestra de este estudio consistió en 41 pacientes, con edad media de 66,8 años (±5,2). Los 22

triggers utilizados ayudaron a identificar 15 posibles RAM, y el 26,8% de los pacientes las desarrollaron. La

puntuación media estimada de la CAF fue de 3,0 (±1,8), y los pacientes utilizaron 3,1 (±1,4) y 3,3 (±1,6) MPI

según los criterios de Beers y STOPP, respectivamente. Se identificaron 672 IM, con media de 16,8 (±9,5) IM/

paciente durante la hospitalización en UCI. Nuestros hallazgos muestran una asociación entre la aparición de

RAM en UCI y polifarmacia (p = 0,03) y IM (p = 0,007), lo que corrobora los esfuerzos para un uso racional

de los medicamentos como estrategia preventiva.

Conclusiones: El uso de herramientas para evaluar la farmacoterapia en personas de edad avanzada enUCI puede

ayudar el reconocimiento y prevención de problemas farmacoterapéuticos, con énfasis en identificación de RAM

a través de observación de triggers y la posterior análisis de causalidad.

© 2024 Sociedad Española de Farmacia Hospitalaria (S.E.F.H). Publicado por Elsevier España, S.L.U. Este es un

artículo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Managing critically ill patients involves caring for life-threatening

conditions and reducing their risk; however, patients in intensive care

units (ICUs) may have pre-existing comorbidities.1,2 Older patients

over 60 years old are predominant in terms of ICU admissions due to

global population trends.3 Care for these patients must consider

age-related physiological changes affecting pharmacokinetics, pharma-

codynamics, chronic health problems, and polypharmacy.2

In the older population, careful selection of medications is crucial to

prevent pharmacotherapeutic problems. The ICU requires meticulous

prescription due to the risk of potentially inappropriate medications

(PIMs) for older people.4 Expert reviews and consensus have led to

the development of tools such as PIM lists, anticholinergic burden

(ACB) scales, and trigger tools for adverse drug reactions (ADRs). Ana-

lyzing causality and drug interactions (DIs) databases also assists in

evaluating pharmacotherapy and promoting medication safety for

older people.

The Beers criteria and STOPP/START (Screening Tool of Older Persons'

Prescriptions/Screening Tool to Alert to Right Treatment) are the most

significant and established PIM lists.5,6 The Anticholinergic Cognitive Bur-

den scale estimates the ACB ofmedications and helps evaluate their cog-

nitive effects in older patients, who are more susceptible to developing

severe ADRs due to blocking acetylcholine action in the central nervous

system (CNS).7

Identifying ADRs in critically ill older patients is challenging due to

diverse pharmacotherapeutic management options. Evaluating causal-

ity is crucial to confirm the episode and rule out disease processes or

physiological status-related events. A higher agreement on the causal

link to ADRs strengthens the hypothesis about medication use and

adverse events, assisting in therapy optimization and in reducing hospi-

talization time, recurrence, and iatrogenic complications.8

Detecting DDI is crucial in the pharmacotherapy of critically ill older

patients. Concomitant use of medications, food, or diluents may alter

the drug effects, potentially amplifying or reducing pharmacological

action.8 The objective of this study is to evaluate pharmacotherapy

and potential ADR development in older patients admitted to an ICU.

Material and methods

This is a cohort study conducted in the ICU for adults of the Hospital

das Clínicas at the Ribeirão PretoMedical School of the University of São

Paulo (HCFMRP-USP); during the study period, the Hospital had 727

beds, 9 of which were in the adult ICU (≥18 years old). The study was

approved by the Research Ethics Committee of the School of

Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo

(CAAE 44000715.6.0000.5403).

The patients included were those aged ≥60 years old and hospital-

ized in the ICU for ≥48 h between September 2016 and September

2017. Individuals whose analysis regarding causality of the ADRs was

classified as conditional or doubtful were excluded. The sample was se-

lected by convenience, where participants were chosen based on acces-

sibility and availability for the study, thus facilitatingdata collection. The

participants who developed potential ADRs during the study were allo-

cated to the “Exposed” group,while thosewhodid notwere classified as

“Unexposed”. The convenience sample was selected by the clinical

pharmacist and first author, FAMC. The prescribed pharmacotherapy

was evaluated daily, considering occurrence of ADRs, medication errors,

use of PIMs, and drug–drug interactions (DDIs).

To ensure quality of the collected data, 2 tools were used to evaluate

potential medication errors: Micromedex® Solutions and Drug Interac-

tions Checker Drugs.com®. These tools were chosen based on their ease

of use, scope, and relevant quality scores. Severity of themedication er-

rors was classified as contraindicated, major, moderate, or minor. Only

contraindicated interactions and those with major clinical significance

were considered in the analysis, as they have higher likelihood of

clinical relevance. The criteria used for classification were based on the

databases consulted.9,10

The PIMs were assessed via the Beers and STOPP/START criteria. The

2019 Beers criteria5 categorizemedications into 5 groups based on their

appropriateness for older patients. Category 1 contains PIMs, while Cat-

egory 2 comprises medications that depend on the underlying disease.

Category 3 lists medications that require caution, while Category 4 con-

tainsmedications with harmful interactions. Lastly, Category 5 contains

medications requiring dose adjustments based on kidney function.

The STOPP/START criteria were developed to screen prescriptions

for older people, including PIMs (STOPP) and possible omissions in

pharmacotherapy that are important for proper treatment (START).

They include a total of 114 criteria: 80 for STOPP and 34 for START.6 In

this study, only the STOPP criteria were used, divided into A-M sections

according to physiological systems or therapeutic classes.

The ACB scale was used to classify medications into 3 categories ac-

cording to their anticholinergic effect: minimal (score 1), moderate

(score 2), and severe (score 3). Considering the sum of the scores of

all prescribed medications, a score of 3 or higher is considered clinically

significant.11 For the purposes of this study, the highest score obtained

during the participant's research follow-up period was considered.

A total of 28 triggers, based on the Institute for Healthcare Improve-

mentGlobal Trigger Tool forMeasuringAdverse Events12 and other trig-

gers, were selected to actively search for ADRs (Table 1). These triggers
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were complemented by considering standardized medications, labora-

tory tests, and the routine of the HCFMRP-USP ICU. Triggers were

identified in medical prescriptions, laboratory tests, and clinical evolu-

tion in the patient's medical record to facilitate the active search for

medication-related dysfunctions. Rozich, Haraden, and Resar's13 trig-

gers were also employed.

The causality assessment was performed with the aid of the Naranjo

Algorithm (NARANJO), the WHO-UMC causality assessment system

(WHO-UMC), and the Liverpool ADR Causality Assessment Tool (LCAT).

In case of disagreement, agreement was considered when at least 2 of

them had concordance using Cohen's Kappa coefficient, through the

quality of the classification associated by Landis and Koch (Supplemen-

tary table 1). In addition, the ADRs were classified according to criteria

proposed by Rawlins and Thompson, which groups them into types of

reactions according to their mechanism of action.14 The severity assess-

ment of the ADRs was performed according to the proposal adapted

from the National Coordinating Council for Medication Error Reporting

and Prevention (NCCMERP).15

The associations between the qualitative variables were verified by

means of Fisher's Exact test. The linear association between two quanti-

tative variables was determined by Pearson's correlation coefficient (r).

To verify the difference between means, the Student's t-test, and the

Mann–Whitney test were used. The significance level (α) was fixed at

0.05. The statistical analyses were performed using the Statistical

Package for Social Sciences® (SPSS Inc., version 17.1.0).

Results and discussion

The sample of this study consisted of 41 patients. Of these, 21

(51.2%) were male and the mean age of the older patients was

66.8 years old (±5.2). Prior to ICU admission, 41.5% (n=17) of the pa-

tientswere already hospitalized for a period of ≥14days, and the admis-

sion of 85% (n=35) of the patients was unplanned (not scheduled with

less than 12-h notice). Using the trigger tool strategy, 22 triggers

assisted in identifying 15 potential ADRs, among which 11 (26.8%) pa-

tients developed these potential ADRs andwere consequently allocated

to the “Exposed” group. Thus, 73.2% of the sample (30 older patients)

did not manifest any ADR and comprised the “Unexposed” group.

In the evaluation of agreement between the algorithms for assessing

ADR causality, WHO-UMC and LCAT obtained moderate agreement

(Kappa=0.43). The association between NARANJO and LCAT showed

minimal agreement, followed by NARANJO and WHO-UMC showing

moderate agreement, with Kappa values of 0.17 and 0.43, respectively.

According to the causality assessment performed and considering

agreement between at least 2 algorithms, among the 15 suspected

ADRs, a classification of definite was assigned to 1 (n=1), probable to

3 (n=3), and possible to 11 (n=11) (Table 2). Prevalence of ADRs

with a type A (augmented/dose-related) mechanism of action (80%,

n=12)was identified; 1 ADRwas identified as type C (chronic/dose-re-

lated and time-related) and 2 cases were not classified. ADRs related to

linezolid usewere not classifiable by type, as they had no relation to the

mechanism of action and were described as reactions, although with

prolonged use. Linezolid was used within the recommended dose

(600 mg every 12 h), for a period shorter than recommended for the

treatment (treatment time of 2 and 8 days, with a recommended

duration of 10–14 days) and without any cumulative effect, making it

impossible to establish a causal link. In the ADR severity assessment, it

was identified that 66.7% (n=10) were classified as category E

(contributed to or resulted in temporary harm to the patient and re-

quired intervention), whereas the remaining 5 were specified as cate-

gory F (contributed to or resulted in temporary harm to the patient

and required initial or prolonged hospitalization). No permanent dam-

age or life support measures were identified, nor was there any death

resulting from ADRs.

Regarding the evaluation performed using the STOPP criteria

(Table 3), the older patients used a mean of 3.3 (±1.6) PIMs, ranging

from 1 to 9 medications. Based on the Beers Criteria (Supplementary

table 2), the patients used a mean of 3.1 (±1.4) PIMs, varying from 1

to 8. It is noteworthy that, in both analyses performed, only 1 patient

did not receive a prescription for PIMs.

Only 1 patient did not use medications with anticholinergic proper-

ties. The estimated ACBmean score was 3.0 (±1.8), and 53.6% (n=22)

had a clinically relevant score (ACB scale ≥3). Among the drugswith an-

ticholinergic properties (Supplementary table 3), fentanyl was themost

prescribed (24.8%), followed by furosemide (14.5%) and hydrocortisone

(14.5%).

A total of 672 DDIs classified as severe were identified, involving

97.5% (n=40) of the older patients with a mean of 16.8 (±9.5) DDIs

per patient during their hospitalization in the ICU. The study revealed

various DDIs that including therapeutic combinations common in the

ICU and that lead to the exacerbation of CNS depression such as the

use of opioids and benzodiazepines,with the interaction between fenta-

nyl and midazolam being the most prevalent9,10 (Supplementary table

4). Fentanyl was the drug with the highest number of DDIs identified,

present in 27% of the reported interactions (n=181). In addition, DDIs

in which one of the drugs belongs to the opioid class occupy the top 3

positions of the most detected interactions, possibly due to their wide-

spread use in the treatment of pain. It was found that the number of

medications used during ICU hospitalization and the number of DDIs

were associated with occurrence of ADRs (Table 4).

Evidence was obtained that the patients who developed ADRs pre-

sented longer hospitalization times (Mean difference=5.21 days, 95%

Table 1

Triggers for the active search of ADRs in patients admitted to the intensive care unit.

Drug prescriptions Laboratory tests Medical

records

1-Antialergics (desloratadine, dexclopheniramine,

promethazine, corticoids)

10-Prothrombin time greater than 100 s 23-Hemodialysis

11-INR value greater than 3.0

2-Vitamin K 12-aPPT: greater than 1.5 24-Intubation/Reintubation

3-Flumazenil 13-White blood cells: less than 3000×106/μL

4-Antiemetics (alizapride, bromopride, dimenhydrinate

+pyridoxine, granisetron, metoclopramide, ondansetron,

palonosetron)

14-Platelets: less than 50 000 mm3 25-Sedation, falls, lethargy

15-Abrupt drop of 4 points or more in hematocrit or

hemoglobin

16-Serum glucose level below 50 mg/dL 26-Rash

17–2-fold increase in baseline serum creatinine or urea

5-Naloxone 18-Positive Clostridium difficile culture 27-Delirium

6-Antidiarrheals (loperamide) 19-Serum potassium level below 3.0 mmol/L

7-Calcium polystyrene sulfonate 20-Serum potassium level greater than 5.5 mmol/L 28-Abrupt medication

withdrawal8-Calcium gluconate or calcium chloride 21-Serum vancomycin level in the valley greater than 26 μL/mL

9-Potassium chloride 22-Transfusion of blood, blood components, and blood products

INR = international normalized ratio; aPTT = activated partial thromboplastin time.

F. Angelo Marques Carizio, I. do Vale de Souza, A.M. de Oliveira et al. Farmacia Hospitalaria 49 (2025) 148–153

150



CI=2.32–8.10, pb .001). There was no evidence that the patients who

died were exposed to more ADR episodes when compared to those

whowere discharged to theward or referred to palliative care. Although

the current study did not find evidence of an association between use of

PIMs and occurrence of ADRs (Table 4), among the medications classi-

fied as PIMs according to the Beers criteria, 3 were responsible for

ADRs (lorazepam, quetiapine, and risperidone). In the evaluation by

means of the STOPP criteria, 3 situations led to the occurrence of

ADRs: duplicated drug class (tramadol and methadone); use of furose-

mide; and use of 2 or more medications with anticholinergic properties

(quetiapine and risperidone).

The estimated prevalence of ADRs in other scientific evidence and

according to triggers was between 10.7% and 16.5%, and most of

the reactions were classified as probably or possibly caused by a

medication.16–18 These data corroborate our research, and it is impor-

tant to note that it was conducted in a specific context (ICU), where

there is a recommendation to use more than one tool for determining

causality in intensive care,19 as well as with a population of characteris-

tics that limited the size of our sample (hospitalized older individuals).

Thus, these aspects justify the low prevalence of triggers that detected

possible ADRs.

Varallo et al.16 showed that some confounders can interferewith the

identification of suspected ADRs performed through triggers. These

confounding factors are related to the patients' clinical conditions

(e.g., renal or hepatic failure and deterioration in the overall health sta-

tus) and directly imply causal imputation, allowing the ADR to be

overestimated or underestimated. Therefore, trigger tools and tools

that suggest the causality of ADRs should be used concomitantly to cer-

tify the suspicion arising from a medication.16 This is in line with our

findings, where most of the triggers identified were associated with

the development of diseases in the patients, and the evaluation of the

event causality provided guidance for management.

In a number of research studies conducted in hospitals, the use of an-

tihistamines and antiemetics was also among the most reported

triggers.17,18,20 Abrupt discontinuation of medication use, excessive se-

dation (lethargy and falls), and elevated serum creatinine were also

highlighted.16,18,20 Pandya et al.17 reported that gastrointestinal disor-

ders (21%) and cardiac disorders (19.3%), followed by skin reactions

(17.7%), were the adverse effects detected with the highest prevalence

values. In the current study, possible ADRs manifested themselves

through gastrointestinal problems and disorders of the nervous and

blood/lymphatic system.

The evaluation of ACB in the pharmacotherapy of older people is a

recognized practice to help identify ADRs that may compromise the

cognitive and physical evolution of these patients and, furthermore,

this type of monitoring can contribute to anticipating knowledge

about the risk of developing ADRs.8 In the study conducted by Wolters

et al.,21 which also evaluated ICU patients, fentanyl was one of the

drugs with the highest ACB administered to patients in relation to the

number of days surveyed, with morphine andmidazolam also standing

out. These data are similar to our outcomes, in addition to being associ-

atedwith the profile of the patients included in the study, who are char-

acterized by the need for analgesia and sedation. However, it should be

considered that there is no consensus regarding ACB as a risk factor for

ADRs in the ICU context, as the physiological vulnerability of critically ill

patients increases their exposure to harmful factors.22 Therefore, theo-

retically, individuals who present physiological conditions of vulnera-

bility, such as those that alter permeability of the blood–brain barrier,

may present a higher risk of developing ADRs in the face of high ACBs

and require greater surveillance regarding pharmacotherapy with anti-

cholinergic agents.

Table 2

Characteristics of the adverse drug reactions in older patients in intensive care.

Triggers indicative of ADRs Description of the

ADRs

Suspected drug Causality analysis

of the ADRs

ADR type Severity

Use of antiemetic Nausea and vomiting Tramadol Hydrochloride Possible A E

Use of antiemetic+Abrupt medication withdrawal Nausea and vomiting Tramadol Hydrochloride Possible A E

Sedation, falls, lethargy Sedation and lethargy Risperidone Probable A E

Sedation, falls, lethargy Sedation and lethargy Risperidone Possible A E

Abrupt drop of 4 points or more in hematocrit or hemoglobin+

Abrupt medication withdrawal

Gastrointestinal

bleeding

Heparin Possible A F

Platelets b50 000 mm3+Abrupt medication withdrawal Thrombocytopenia Linezolid Possible * F

White blood cells less than 3000×106/μL+Abrupt medication

withdrawal

Leukopenia Linezolid Probable * F

Positive Clostridium difficile culture Diarrhea Meropenem, amikacin, and

vancomycin (Extended use)

Possible C E

Sedation, falls, lethargy Sedation and lethargy Lorazepam Possible A E

Sedation, falls, lethargy Sedation and lethargy Quetiapine hemifumarate Possible A E

Use of antiemetic+Abrupt withdrawal of medication Nausea and vomiting Methadone Possible A E

White blood cells less than 3000x106/μL+Platelets b50,000

mm3+Abrupt medication withdrawal

Leukopenia and

thrombocytopenia

Lamotrigine Probable A F

Use of antiemetic Nausea and vomiting Micafungin Possible A E

Abrupt medication withdrawal Thrombocytopenia Micafungin Defined A F

Serum potassium levelb3.0 mmol/L Hypokalemia Furosemide Possible A E

Table 3

Potentially inappropriatemedications, according to the STOPP criteria and their respective

sections/categorizations, prescribed to older patients in the intensive care unit.

Section Criteria for potentially inappropriate

use

n (%)

A: Criteria for drug

indication

Duplicate drug class 31 (22.6)

B: Cardiovascular system

criteria

Amiodarone 16 (11.7)

Clonidine 02 (1.5)

Spironolactone 02 (1.5)

Furosemide 04 (2.9)

Angiotensin converting enzyme

inhibitor

03 (2.2)

C: Coagulation system

criteria

Acetylsalicylic acid N160 mg 02 (1.5)

D: Central nervous system

criteria

Anticholinergics in dementia

(chlorpromazine and quetiapine)

02 (1.5)

Chlorpromazine 01 (0.7)

Promethazine 01 (0.7)

G: Respiratory system

criteria

Benzodiazepines with acute or chronic

respiratory failure

12 (8.8)

L: Analgesic drugs Opioids without laxatives 26 (19.0)

M: Antimuscarinic/

Anticholinergic drug load

2 or more drugs with anticholinergic

properties

35 (25.6)
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In hospital units, including those that provide intensivemedical care,

benzodiazepines and diuretics are themost common classes of PIMs ac-

cording to the Beers and STOPP criteria,23while other realities also point

to aspirin, non-steroidal anti-inflammatory drugs, antiplatelet/antico-

agulant agents, and proton pump inhibitors (PPIs).24,25 In our research,

omeprazole was also one of themost detected PIMs by the instruments.

However, not so similarly to the other studies, insulin (rapid-acting)

and amiodarone stood out in our screening. Considering that, although

they are medications that are inappropriate for use in the older popula-

tion, sometimes there is no alternative therapy available—as in the cases

of insulin and PPIs. Or, even the use of other classes of medications may

not be available due to high cost.

Therefore, inclusion of the medication at the lowest therapeutic

dose, with adjustments according to kidney and hepatic functions, cau-

tious management, with limited use restricted to the control of acute

conditions that require them, are necessary measures for the manage-

ment of PIM use.26 Prevention strategies through prescription reviews

and multidisciplinary discussions also serve as tools, including the pos-

sibility of use for the deprescription practice. As a preventive strategy,

the risk–benefit of PIM use should be considered and, as soon as the

need for its use is extinguished, deprescription should be performed—

e.g., in cases of successful extubation and absence of current risks for

stress ulcers.

Regarding ADRs, critically ill patients are characterized by using

drugs that cause associations involving anticoagulants/antiplatelets, an-

timicrobials, and anticonvulsants.27,28 It is also evident thatmedications

which act on the nervous system are related to more than 50% of the

ADRs in this population segment.28 This is also in line with the particu-

larities of our sample and the suggested pharmacotherapy for the health

conditions of this population, considering that patients in the ICU may

be anxious, agitated, and in pain and, thus, analgesics and sedatives

are widely used.

A multicenter study showed that the mean number of potential

ADRs in the ICU was 70.1/1000 drug administrations, dropping to

31.0/1000 administrations when only considering clinically relevant

potential ADRs.29 Strategiesmay include avoidinghigh-risk drug combi-

nations, increasing patient monitoring when avoidance is not possible,

and increasing the clinical relevance of alerts.30 Furthermore, clinical

decision-support systems should alert to relevant potential ADRs to

avoid alert fatigue for the healthcare team.29,30

Our findings demonstrate an association between the occurrence of

ADRs in the ICU and polypharmacy. Polypharmacy, inherent to inten-

sive care, and, in itself, it is presented as a risk condition for the occur-

rence of adverse events, such as medication errors and ADRs.

Furthermore, the occurrence of potential ADRs is high in the ICU setting

and, in addition to each patient's individual vulnerability, they may also

contribute to the polypharmacy situation and conditions where the

clinical outcome of the ADR is desired—e.g., to increase sedation. Thus,

it is necessary to direct the multiprofessional team efforts towards ac-

tions that guarantee patient safety, with the execution of strategies

that ensure rational medication use.

Limitations

The number of patients included in the study was the main limita-

tion, as it prevented the performance of more robust analyses. During

data collection, some factors limited the acquisition of a larger sample

size and also developed other weaknesses in our study, such as the fol-

lowing: number of ICU beds (9); inclusion criteria of patients aged

≥60 years old; hospitalization time and, consequently, reduced admis-

sion of new potential study participants; amount of data evaluated

daily for each patient; and number of triggers in the active search for

ADRs.

Despite the limitations presented, this study contributed to

describing older patients in intensive care and understanding the need

for further studies within the complex, and particular, hospital

environment.

Contribution to the scientific literature

The use of specific tools for identifying the possibility of ADR devel-

opment in the older population, with directed application to critically ill

older patients, helps in the recognition and prevention of important

pharmacotherapeutic problems.

Funding

This study was financed in part by the CAPES—Finance Code 001.

National Council for Scientific and Technological Development

(CNPq, Brazil).

Ethical considerations

The research project was approved by the Research Ethics Commit-

tee of the Faculty of Pharmaceutical Sciences of Ribeirão Preto at the

University of São Paulo (CAAE 44000715.6.0000.5403).

Responsibility and assignment of rights

All authors accept the responsibility defined by the International

Committee of Medical Journal Editors (available at http://www.icmje.

org/). In the event of publication, the authors grant exclusive rights of

reproduction, distribution, translation and public communication (by

any means or sound, audiovisual or electronic support) of their work

to Farmacia Hospitalaria and, by extension, to the SEFH. To this end, a

letter of assignment of rights will be signed at the time of sending the

paper through the online manuscript management system.

CRediT authorship contribution statement

Fabiana AngeloMarques Carizio: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation, Methodology,

Project administration, Resources, Software, Supervision, Validation,

Table 4

Pharmacotherapeutic variables and performance of the instruments used in the evaluation of the treatment for older patients in intensive care.

Variables and instruments Exposed group Unexposed group 95% CI p

n=11 n=30

Mean (SD) Min–Max Mean (SD) Min–Max

Medications used during ICU hospitalization 29.1 (7.1) 19–40 23.3 (7.0) 11–40 −10.77–0.75 .03

Mean number of medications used per day 12.1 (3.0) 8.2–17.1 10.3 (2.7) 6.0–15.5 −3.73–0.20 .07

Drug–drug interactions 22.5 (2.7) 05–46 14.1 (1.6) 00–27 2.23–14.48 .007

Potentially inappropriate medications for older people—Beers criteria 3.7 (0.6) 02–08 2.8 (0.3) 00–05 −2.22–0.36 .16

Potentially inappropriate medications for older people—STOPP criteria 3.7 (0.6) 02–09 3.2 (0.3) 00–06 −0.78–1.84 .43

ACB scale 3.4 (2.2) 01–09 2.9 (1.7) 00–08 −0.80–1.79 .44

*Min: minimum; Max: maximum; SD: standard deviation; CI: confidence interval; ICU: intensive care unit; ACB: anticholinergic cognitive burden.

F. Angelo Marques Carizio, I. do Vale de Souza, A.M. de Oliveira et al. Farmacia Hospitalaria 49 (2025) 148–153

152

http://www.icmje.org/
http://www.icmje.org/


Writing – review & editing. Isabella do Vale de Souza: Formal analysis,

Visualization, Writing – original draft, Writing – review & editing. Alan
Maicon de Oliveira: Formal analysis, Writing – original draft, Writing –

review & editing. Maria Madalena Corrêa Melo: Formal analysis,

Writing – original draft, Writing – review & editing. Maria Olívia
Barbosa Zanetti: Writing – original draft, Writing – review & editing.

Fabiana Rossi Varallo: Resources, Writing – review & editing.

Leonardo Régis Leira-Pereira: Conceptualization, Funding acquisition,

Methodology, Project administration, Resources, Supervision, Writing

– review & editing.

Declaration of competing interest

The authors have no conflicts of interest to declare.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.farma.2024.06.003.

References

1. JacksonM, Cairns T. Care of the critically ill patient. Surgery (Oxford). 2021;39:29–36.

2. Garpestad E, Devlin JW. Polypharmacy and delirium in critically ill older adults. Clin

Geriatr Med. 2017;33:189–203.

3. Aguiar LMM, Martins GS, Valduga R, Gerez AP, Carmo EC, Cunha KC, et al. Profile of

adult Intensive Care Units in Brazil: systematic review of observational studies. Rev

Bras Ter Intensiva. 2022;33(4):624–34.

4. Corsonello A, Pedone C, Incalzi RA. Age-related pharmacokinetic and pharmacody-

namic changes and related risk of adverse drug reactions. Curr Med Chem. 2010;17

(6):571–84.

5. American Geriatrics Society Beers Criteria® Update Expert Panel. American Geriatrics

Society 2019 Updated AGS Beers Criteria® for potentially inappropriate medication

use in older adults. J Am Geriatr Soc. 2019 Apr;67(4):674–94.

6. Gallagher P, Ryan C, Byrne S, Kennedy J, O’Mahony D STOPP. (Screening tool of older

person’s prescriptions) and START (Screening tool to alert doctors to right treatment)

consensus validation. Int J Clin Pharmacol Ther. 2008;46(2):72–83.

7. Tune LE. Anticholinergic effects of medication in elderly patients. J Clin Psychiatry.

2001;62(Suppl 21):11–4.

8. Varallo FR, Planeta CS, Herdeiro MT, Mastroianni P de C. Imputation of adverse drug

reactions: causality assessment in hospitals. Oiso N, editor. PLoS ONE [Internet]. 2017

Feb 6;12(2), e0171470.

9. Merative LP. Truven Health Analytics Micromedex® Solutions Drug Interactions

[Internet database]. Greenwood Village, US: Truven Health Analytics, Inc.; 2022.

Available at: https://www.micromedexsolutions.com/ [2024; Accessed July 18,

2024].

10. The Drugs.com. Drug Interactions Checker - Drugs.com® [Internet database]. Auck-

land, NZ: Drugsite Trust. 2001 [2024; Accessed July 18, 2024]. Available at: https://

www.drugs.com/drug_interactions.html

11. Boustani M, Campbell N, Munger S, Maidment I, Fox C. Impact of anticholinergics on

the aging brain: a review and practical application. J Aging Health [Internet]. 2008

Jun;20(2):126–41.

12. Griffin FA, Resar RK. IHI global trigger tool for measuring adverse events. IHI Innova-

tion Series White Paper. Cambridge, MA: Institute for Healthcare Improvement, 2nd

ed.; 2009.

13. Rozich JD, Haraden CR, Resar RK. Adverse drug event trigger tool: a practical method-

ology for measuring medication-related harm. Qual Saf Health Care [Revista

en Internet], 12. en: Disponible; 2003 Sep;194–200. https://www.ncbi.nlm.nih.gov/

pmc/articles/PMC1743719/.

14. Rawlins MD, Thompson JW. Mechanisms of adverse drug reactions. In: Davies DM,

editor. Textbook of Adverse Drug. Reactions,Oxford:Oxford University Press; 1991.

p. 18–45.

15. National Coordinating Council for Medication Error Reporting and Prevention

(NCCMERP). Index for Categorizing Medication Errors. [Internet]. Available from:

http://www.nccmerp.org/medErrorCatIndex.html.

16. Varallo FR, Dagli-Hernandez C, Pagotto C, Queiroz RH, Luz E, Marusic S. Confounding

variables and the performance of triggers in detecting unreported adverse drug reac-

tions. Clin Ther [Internet]. 2017 Apr;39(4):686–96.

17. Pandya AD, Patel K, Rana D, Patel B. Global trigger tool: proficient adverse drug reac-

tion autodetection method in critical care patient units. Indian J Crit Care Med [Inter-

net]. 2020 Mar;24(3):172–8.

18. Menat U, Desai CK, Panchal JR, Iyer G. An evaluation of trigger tool method for ad-

verse drug reaction monitoring at a tertiary care teaching hospital. Perspect Clin

Res [Internet]. 2021 Jan-Mar;12(1):33–9.

19. Kane-Gill S.L., Forsberg E.A., Verrico M.M. and Handler S.M., Comparison of three

pharmacovigilance algorithms in the ICU setting, Drug Saf [Revista en Internet], 35

(8), 2012 Aug 1, 645–653. Disponible en: https://link.springer.com/journal/40264/

volumes-and-issues

20. Rozenfeld S, Giordani F, Coelho S. Adverse drug events in hospital: pilot study with

trigger tool. Rev Saude Publica. 2013 Dec;47(6):1102–11. doi: 10.1590/s0034-

8910.2013047004735.

21. Wolters AE, Zaal IJ, Veldhuijzen DS, Cremer OL, Devlin JW, van Dijk D, et al. Anticho-

linergic medication use and transition to delirium in critically ill patients: a prospec-

tive cohort study. Crit Care Med. 2015 Sep;43(9):1846–52. doi: 10.1097/

CCM.0000000000001094.

22. Varallo F.R., Oliveira A.M. de, Zanetti A.C.B., Capucho H.C., Pereira L.R.L., Pereira L.B., et

al., Drug-induced delirium among older people, IntechOpen [Revista en Internet],

2021, doi: 10.5772/intechopen.95470.

23. Bai Y, Wang J, Li G, Zhou Z, Zhang C. Evaluation of potentially inappropriate medica-

tions in older patients admitted to the cardiac Intensive Care Unit according to the

2019 Beers criteria, STOPP criteria version 2 and Chinese criteria. J Clin Pharm Ther.

2022 Dec;47(12):1994–2007. doi: 10.1111/jcpt.13736.

24. Sari YE, Unluoglu I, Cavusoglu Y, Bilge U. Inappropriate drug use rates of geriatric pa-

tients attending to a university hospital cardiology policlinic. Niger J Clin Pract. 2021

Nov;24(11):1719–27. doi: 10.4103/njcp.njcp_517_18.

25. Wang F, Xu G, Rong C, Wu X. Association between potentially inappropriate medica-

tion and adverse drug reactions in hospitalized elderly patients. J Clin Pharm Ther.

2021 Aug;46(4):1139–47. doi: 10.1111/jcpt.13413.

26. Institute for Safe Medication Practices - Brazil. Potentially inappropriate medications

for older people [Internet]. Belo Horizonte, BR: ISMP Brazil. ISMP Brazil Report Card:

v. 7, n. 3, 2017. Accessed July 18, 2024. Available at: https://www.ismp-brasil.org/

site/wp-content/uploads/2017/09/is_0006_17a_boletim_agosto_ismp_210x2

76mm_v2.pdf

27. Wang H, Shi H, Wang N, Wang Y, Zhang L, Zhao Y, et al. Prevalence of potential

drug-drug interactions in the cardiothoracic intensive care unit patients in a Chinese

tertiary care teaching hospital. BMC Pharmacol Toxicol. 2022 Jun 14;23(1):39. doi:

10.1186/s40360-022-00582-6.

28. Ghimire R, Prasad P, Parajuli S, Basnet R, Lamichhane P, Poudel N, et al. Potential

drug-drug interaction among the patients admitted in intensive care units of a ter-

tiary care centre: a descriptive cross-sectional study. JNMA J Nepal Med Assoc.

2022 Mar 11;60(247):263–7.

29. Bakker T, Abu-Hanna A, Dongelmans DA, Vermeijden WJ, Bosman RJ, De Lange DW,

et al. Clinically relevant potential drug-drug interactions in intensive care patients: a

large retrospective observational multicenter study. J Crit Care [Revista en Internet].

2021 Apr;62:124–30. Available from: https://linkinghub.elsevier.com/retrieve/pii/

S0883944120307875.

30. Klopotowska JE, Leopold J, Bakker T, Yasrebi-de Kom I, Engelaer FM, De Jonge E, et al.

Adverse drug events caused by three high-risk drug–drug interactions in patients ad-

mitted to intensive care units: a multicentre retrospective observational study. Brit J

Clinical Pharma. 2024;90:164–75. doi: 10.1111/bcp.15882.

F. Angelo Marques Carizio, I. do Vale de Souza, A.M. de Oliveira et al. Farmacia Hospitalaria 49 (2025) 148–153

153

https://doi.org/10.1016/j.farma.2024.06.003
https://doi.org/10.1016/j.farma.2024.06.003
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0005
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0010
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0010
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0015
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0015
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0015
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0020
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0020
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0020
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0025
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0025
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0025
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0025
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0025
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0030
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0030
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0030
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0035
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0035
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0040
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0040
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0040
https://www.micromedexsolutions.com/
https://www.drugs.com/drug_interactions.html
https://www.drugs.com/drug_interactions.html
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0055
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0055
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0055
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0060
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0060
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0060
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1743719/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1743719/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1743719/
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0070
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0070
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0070
http://www.nccmerp.org/medErrorCatIndex.html
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0080
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0080
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0080
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0085
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0085
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0085
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0090
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0090
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0090
https://link.springer.com/journal/40264/volumes-and-issues
https://link.springer.com/journal/40264/volumes-and-issues
https://doi.org/10.5772/intechopen.95470
https://www.ismp-brasil.org/site/wp-content/uploads/2017/09/is_0006_17a_boletim_agosto_ismp_210x276mm_v2.pdf
https://www.ismp-brasil.org/site/wp-content/uploads/2017/09/is_0006_17a_boletim_agosto_ismp_210x276mm_v2.pdf
https://www.ismp-brasil.org/site/wp-content/uploads/2017/09/is_0006_17a_boletim_agosto_ismp_210x276mm_v2.pdf
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0140
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0140
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0140
http://refhub.elsevier.com/S1130-6343(24)00099-0/rf0140
https://linkinghub.elsevier.com/retrieve/pii/S0883944120307875
https://linkinghub.elsevier.com/retrieve/pii/S0883944120307875

	Pharmacotherapy assessment and adverse drug reactions in older patients admitted to intensive care
	Introduction
	Material and methods
	Results and discussion
	Limitations

	Contribution to the scientific literature
	Funding
	Ethical considerations
	Responsibility and assignment of rights
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A. Supplementary data
	References


