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Introduction: Polypharmacy is a growing concern in healthcare systems. While available data on potential drug-drug interactions (pDDI) from emergency department (ED) patients is derived from heterogenous populations, this study specifically focused on patients with atrial fibrillation (AF). We hypothesized that patients with AF have similar comorbidities, receive similar drugs, and have similar pDDIs. The overarching aim was to highlight frequent pDDIs, providing practical guidance for treating healthcare professionals and consequently reduce the risk of adverse drug reactions.Methods: Two hundred patients ≥18 years with AF, who received rate- or rhythm-controlling medication at the ED of the University Hospital Vienna, and who were on long-term medication before admission, were eligible. Long-term medication alone, as well as in combination with medication administered at the ED were analyzed for pDDIs using the Lexicomp® Drug interactions database.Results: Within the long-term medication of patients’, we identified 664 pDDIs. Drugs administered at the ED increased pDDIs more than 3-fold to 2085. Approximately, every fifth patient received a contraindicated drug combination (on average 0.24 per patient), while 70% received drug combinations for which therapy modifications are recommended (on average 1.59 per patient). The most frequently involved drugs included amiodarone, propofol, bisoprolol, enoxaparin, and acetylsalicylic acid. Increased risk of bleeding, QTc prolongation, and myopathy were among the most relevant potential consequences of these interactions.Discussion: In conclusion, an optimization of medication would be advisable in almost every AF patient. Treating healthcare professionals should be cautious of drugs that increase bleeding risk, prolong QTc, or bear a risk for myopathy.Keywords: atrial fibrillation, emergency department, drug-drug-interactions, qtc-prolongation, bleeding
1 INTRODUCTION
Polypharmacy is a growing problem in healthcare systems of developed countries, which is associated with an increased risk of drug-drug-interactions (DDI) potentially causing adverse drug reactions (ADR) (Muhic et al., 2017; Zheng et al., 2018; Cascorbi, 2012).
The emergency department (ED) is a particularly challenging work environment: healthcare professionals face a heterogenous cohort of patients with complex medical conditions that may be time-critical and require quick decisions (Gonzalez Morganti et al., 2013). Often, patients are neither able to provide a detailed medical history nor information on their current medication (Cooksley et al., 2018). In this setting a thorough and often time-consuming analysis of potential DDIs (pDDI) including the use of clinical decision support systems (CDSS) may be difficult. Thus, treatment is often administered without consideration of pDDIs, although the clinical consequences of such interactions may be significant (Gonzalez Morganti et al., 2013; Vogel et al., 2022).
Atrial fibrillation (AF) is the most common cardiac arrhythmia in adults, with an estimated prevalence of 2%–4% in Europe (Hindricks et al., 2021). Several substances regularly used for the treatment of AF are known to have a relevant interaction potential, including anticoagulants and antiarrhythmic medication. Moreover, patients with AF are also likely to have several comorbidities and therefore, polypharmacy may be a common finding in this cohort (Hindricks et al., 2021).
Previous studies analyzing pDDIs in EDs included large cohorts of elderly patients independent of their diagnosis (Marino et al., 2016; Letinier et al., 2022). These studies provided important data on pDDIs in this specific setting but their impact on prescribers and on clinical routine may have been limited by their study design. In this study, we sought to find an approach that provides practical guidance for treating healthcare professionals. Patients with a specific diagnosis like AF may often have similar underlying comorbidities and, as a consequence, comparable long-term medication. Thus, specific pDDIs may occur repeatedly.
The aim of this study was to identify specific pDDIs that occur frequently in patients being treated for AF in the ED. Identifying these frequent pDDIs may raise awareness, provide practical guidance, and consequently reduce the number of pDDIs in patients with AF taking the special circumstances of the ED into account.
2 METHODS
This is a retrospective cohort study that included patients, who were treated for AF at the Department of Emergency Medicine of the University Hospital Vienna. Prior to this study, there were no data on pDDIs in this cohort. To obtain a realistic estimate on the frequency and the severity of pDDIs, we included 200 patients with AF retrospectively starting from October 2019.
Patients ≥18 years of age with AF, who received rate or rhythm controlling medication at the ED and who were on long-term medication prior to their ED visit, were eligible for this study. Lexicomp® Drug interactions database, available at www.uptodate.com, was used to identify pDDIs. The database only evaluates active ingredients and provides information about pDDIs divided in five categories: avoid combination (X), consider therapy modification (D), monitor therapy (C), no action needed (B) and no known interaction (A).
Data on long-term medication and medicines prescribed at the ED (e.g., total number of drugs, drug classes, etc.), as well as demographics (age, gender) and other relevant medical data (e.g., admission diagnosis, comorbidities, etc.) were extracted from electronic patient charts and analyzed by non-parametric descriptive statistics (e.g., median, interquartile range (IQR)). The total number of pDDIs, as well as the severity grading according to the above-mentioned categories were retrieved from the Lexicomp database. In addition, we calculated the mean number of pDDIs per patient. We investigated correlations between the total number of drugs, age, gender, and the total number of pDDIs calculating the bivariate Spearman’s rank correlation. Furthermore, the most frequently prescribed drugs were categorized into Anatomical Therapeutic Chemical (ATC) codes and the most common involved drug pairs for pDDIs were presented by descriptive statistics. Moreover, we differentiated between pDDIs concerning the long-term medication of patients and pDDIs that occurred due to additional drug therapy administered in the ED.
A follow-up analysis investigated whether the patients (i) were discharged home after the ED visit, (ii) stayed overnight in the ED and were discharged home the next day, (iii) were admitted to another ward, or (iv) admitted to an intensive care unit. Furthermore, the electronic patient charts were reviewed for clinical events that may have been associated with the identified pDDIs. The follow-up period was approximately 5 years.
In addition, a multidisciplinary team of 6 independent experts (2 ED physicians, 1 clinical pharmacologist, and 3 clinical pharmacists) conducted a comprehensive external review with two major objectives. First, the experts evaluated the most frequently identified X- and D-graded pDDIs (Table 4) of this study. To obtain an overall clinical impression of each patient, the expert team received the diagnosis AF, kidney function (glomerular filtration rate (GFR) and creatinine level), comorbidities, long-term-medication, medication received in the ED, and the possible consequence of each pDDI. The clinical significance of those pDDIs were rated from each expert with the following scale: 0 = no known interaction, 1 = no action needed, 2 = monitor therapy, 3 = therapy modification, 4 = avoid combination. The results of the expert review are presented by descriptive statistics (Table 4). Second, the experts evaluated the medication list of a randomly selected subset of 20 (10%) patients. Each expert reviewed the patients’ medication (long-term medication and the medication received in the ED) for pDDIs using resources of their choice. Based on their assessment, the experts rated the pDDIs with following scoring system: A = unknown interaction, B = no intervention required, C = monitor therapy, D = modify therapy, X = avoid combination. Afterwards, the expert review results were compared descriptively with the Lexicomp® Drug interaction database results (Supplementary Table S1). The study was approved by the local ethics committee (Ethics committee of the Medical University of Vienna, EK-number 2084/2019).
Drugs were categorized into ATC codes: alimentary tract and metabolism (A), blood and blood forming organs (B), cardiovascular system (C), dermatologicals (D), genito urinary system and sex organs (G), systemic hormonal preparations, exclusive sex hormones and insulins (H), anti-infectives for systemic use (J), antineoplastic and immunomodulating agents (L), musculo-skeletal system (M), nervous system (N), antiparasitic products, insecticides and repellents (P), respiratory system (R), sensory organs (S), various (V).
3 RESULTS
Two-hundred eligible patients, of whom 105 were women, with a median age of 71 years (IQR 61–77), treated between January 2018 and October 2019 were included in this study. The most frequent comorbidities included hypertension (118 patients) and hyperlipidemia (41 patients). Of 1,576 prescribed substances (median 7; IQR 5–10 per patient), 1,018 substances (64.6%; median 5; IQR 3–7 per patient) belonged to long-term medication, whereas 558 (35.4%; median 3; IQR 2–4 per patient) were administered during the ED visit. Within the patients’ long-term medication, we identified 664 pDDIs (median 2; IQR 0–4 per patient) across all severities (A, B, C, D, X). The number of total pDDIs increased by 1,421 (median 6; IQR 2–10 per patient) to a total of 2085 pDDIs (median 7; IQR 3–13 per patient), when the medication the patients received during their ED stay was added to the analysis. While all patients were admitted to the ED for at least some hours, 102 patients were discharged after having received treatment for AF, 59 patients were hospitalized at the ED overnight and discharged on the next day, 38 patients were admitted to normal wards for further treatment and one patient was admitted to the intensive care unit. Table 1 presents demographics, comorbidities, total number of substances and pDDIs, and drug classes involved in pDDIs. Table 2 presents the distribution of pDDIs over the severity graded C, D and X, as well as the number of patients with at least one pDDI.
TABLE 1 | Demographics, comorbidities, medication, and pDDIs including all severities of the cohort.
[image: Table 1]TABLE 2 | Distribution of pDDIs across severity grades.
[image: Table 2]Furthermore, the number of pDDIs correlated well with the number of drugs per patient (Spearman’s rank correlation coefficient test r: 0.87; CI 0.83–0.90; p < 0.0001; Supplementary Figure S1). The correlation between pDDIs and age was weak (Spearman’s rank correlation coefficient test r: 0.33; CI 0.20–0.45; p< 0.0001). No correlation was found between pDDIs and gender.
3.1 Drugs most frequently involved in pDDIs
Table 3 lists the most common observed drugs involved in pDDIs.
TABLE 3 | Drugs most frequently involved in pDDIs of severity X, D, C.
[image: Table 3]3.2 X- and D-graded pDDIs
Special attention was paid to pDDIs with the highest severity grading X and D. The most frequently identified drug pairs of these pDDIs are listed in Table 4. In this context, the most frequently involved drug classes were cardiovascular and neurological drugs. In particular, the combination of edoxaban - enoxaparin was the most prevalent combination among X-graded pDDIs. Amiodarone exhibited a risk of QTc prolongation with various interaction partners over both severity levels. Among D-graded pDDIs, the combinations enoxaparin – acetylsalicylic acid, amiodarone – propofol, and amiodarone - simvastatin were most frequently detected.
TABLE 4 | Most frequently identified pDDIs of severity rating X and D.
[image: Table 4]The potential consequences of pDDIs are shown in Table 5 focusing on X- and D-graded pDDIs. Notably, approximately two-thirds of all X- (avoid combination) and D-graded (consider therapy modification) pDDIs concerned increased risk of bleeding or QTc prolongation. The third most common finding was increased risk of myopathy.
TABLE 5 | Most frequent potential consequences of X- and D-graded pDDIs.
[image: Table 5]3.3 Follow-up analysis
A total of 13 clinical events were detected in this cohort (6.5%) that were possibly associated with the identified pDDIs. The majority were bleeding events (12 cases). One case had a prolonged QTc interval in the electrocardiography. Short narratives are listed in the supplement for each individual case.
Of note, 11 bleeding events were additionally detected in patients with AF, who had no underlying pDDI to modify the bleeding risk. Six patients had a thromboembolic event (myocardial infarction n = 1, pulmonary embolism n = 1, cerebral infarction n = 3, thrombotic, incomplete occlusion of the arteria femoralis communis). However, in those events we did not identify any association with pDDIs that could have increased the risk.
3.4 Comparison Lexicomp database vs. expert review analysis
Supplementary Table S1 presents the results of the Lexicomp database compared with each individual expert evaluation for the 20 randomly selected patients. There was considerable variability in the experts’ assessments of pDDIs. Furthermore, their results differed relevantly from the raw data obtained from the Lexicomp database.
4 DISCUSSION
This study investigated the most common and the most severely graded pDDIs of patients with AF in the ED. To the best of our knowledge, this is the first study to investigate this specific group of patients. We identified 2085 pDDIs overall, of which 48 (2%) were classified with the highest severity (avoid combination), and 318 (15%) with severity D (consider therapy modification). About every fifth patient had at least one contraindicated drug combination, while 70% of patients had at least one drug combination for which a therapy modification is recommended. Hence, on average drug modifications may have to be considered in almost every AF patient. Interestingly, in the ED, patients received a median of 3 additional drugs (IQR 2–4), which led to a more than 3-fold increase in the number of pDDIs. This highlights the importance of considering interaction potential of newly prescribed drugs in this environment.
The number of different drugs a patient takes is the most relevant risk factor for pDDIs and ADRs (Wagh et al., 2019; Khan et al., 2019). Although there is no generally accepted definition of polypharmacy, most authors define it as a concomitant intake of 5 or more systemically active drugs (Masnoon et al., 2017/10; Jörgensen et al., 2001; Linjakumpu et al., 2002). In that context, the number of drugs correlated very well with the number of pDDIs (correlation coefficient 0.87 (p < 0.0001)). In our cohort, the median number of drugs was 5 (IQR 3–7) per patient before admission to the ED, which is comparable to a general ED patient population and means that most patients in this study fulfilled the criteria of polypharmacy even before the ED admission (Letinier et al., 2022). The comorbidities of the included patients were well in accordance with typical comorbidities of patients with AF, such as arterial hypertension, hyperlipidemia, and coronary artery disease (Hindricks et al., 2021; Gutierrez and Blanchard, 2016). Furthermore, the median age of patients with AF in our study (median 71, IQR 61–77) was similar to other large AF trials (Fromm et al., 2015; Lopes et al., 2018; Guimaraes et al., 2019; Bouida et al., 2019).
However, apart from this quantitative analysis, a qualitative analysis may provide more insight and offer important lessons for future patients with AF and treating healthcare professionals.
CDSSs facilitate a quick overview of pDDIs. Nevertheless, clinicians need to be aware of the disadvantages of these programs, as they may often be over-alerting, show interactions of low clinical relevance, or lack sensitivity and specificity (Kawamanto et al., 2018). Our expert review further emphasized the challenges of pDDI evaluation. Six independent experts assessed the most frequently occurring X- and D-graded pDDIs identified in this study population using resources of their own choice. However, the experts’ severity grading only considered two of these pDDIs (dronedarone – vernakalant; amiodarone – ibutilide) to be clinically relevant with a median severity grading of 3 (equals D or modify therapy). In all other cases, the experts found that the pDDIs were of less clinical importance and downgraded their severity. However, it is important to note that the variability of the experts’ gradings was remarkable. Furthermore, the experts’ analysis of 20 randomly selected patients revealed a large discrepancy in the number of identified pDDIs, both compared with the Lexicomp database that was used in this study and compared with the assessment of the other experts. The observed variability, even among experienced professionals, provides further evidence that the best possible pharmacological therapy for patients with polypharmacy is a major challenge. A multidisciplinary team approach that considers individual patient factors (e.g., medical history, laboratory parameters, frailty scores, pharmacogenetics, etc.) and a case-by-case evaluation may provide the best possible care for patients. Our data also show that the use of CDSSs alone may not be sufficient and may only support healthcare professionals in their decision-making process.
Importantly, several pDDIs that were identified in this study are subject to limitations. For instance, the combination of low-molecular weight heparin and DOACs may be the result of the applied methodology. We have analyzed drug combinations that occurred during the entire ED visit, which usually spans from a few hours to a maximum of 24 h. Thus, while patients may have received a low-molecular weight heparin first (e.g., after first diagnosis of AF), they may have been switched to a DOAC for long term therapy after an adequate time gap, or vice versa. However, in the Lexicomp database this combination would have been counted as an X-graded (avoid combination) pDDI according to the applied methodology. This specific methodological limitation in studies analyzing pDDIs is well-known (Bakker et al., 2022) and must be considered when interpreting the data. In this study, this very combination accounts for 9 of the X-graded pDDIs. Another example of such limitations is the combination of tiotropium and ipratropium, both muscarinic antagonists with anticholinergic effects, which are both applied by inhalation. Therefore, systemic side effects are unlikely to occur (Lipworth, 1996; Sadiq et al., 2021; Rau, 2005). However, most CDSSs do not differentiate between routes of drug administration. Furthermore, such drug combinations may be the result of different product availability in different hospitals, especially in the setting of emergency medicine. Again, the time gap between the intake of those two substances needs to be considered, which, however, was beyond the scope of this study.
In our follow-up analysis, we attempted to obtain a real-world estimate of the prevalence of ADRs, which might be associated with pDDIs. This retrospective analysis bears relevant limitations, because there was no systematic assessment of clinical consequences. Thus, one must exercise caution, when interpreting the numbers of the observed events. Expectedly, bleeding incidences occurred quite frequently with 12 cases (6%) in patients with respective pDDIs that increase the bleeding risk. There was one case of QTc prolongation in a patient, who took three substances that may prolong the QTc interval. However, this ECG was performed after catheter ablation, which is also known to cause a transient prolongation of the QTc (Nguyen et al., 2021). This example highlights the difficulty in ascribing clinical events to underlying risks, such as pDDIs.
Amiodarone is an established therapeutic option for AF (Hamilton et al., 2020), but it bears significant interaction potential: (i) inhibition of cardiac potassium channels (hERG-channel) for QTc prolongation, (ii) inhibition of various cytochrome P450 (CYP) enzymes and (iii) of P-glycoprotein (Hamilton et al., 2020; Harder and Thürmann, 1996; Taylor, 2002). In our study, amiodarone was involved in 113 X- and D-graded pDDIs and overall was the most frequently involved interacting drug. In 7 of the 13 patients with clinical events, amiodaron was one interaction partner. Another study which included elderly patients in the ED, reported comparable results: amiodarone was involved in numerous pDDIs and contributed to most contraindicated drug combinations (Letinier et al., 2022). Beside QTc prolongation, increased risk for bleeding in combination with anticoagulants was the most common pDDI (Table 4). In particular, the combination of amiodarone and anticoagulants poses an increased risk of major bleeding (Harder and Thürmann, 1996; Shurrab et al., 2023; Gronich et al., 2021; Daiichi Sankyo Europe GmbH, 2015; Boehringer Ingelheim, Pradaxa, 2009). Amiodarone increases the exposure to edoxaban by approximately 40% (Daiichi Sankyo Europe GmbH, 2015; Steffel et al., 2021), and to dabigatran by up to 60% via inhibition of permeability glycoprotein (P-gp) (Boehringer Ingelheim, Pradaxa, 2009; Steffel et al., 2021). In a recent study with 86,679 elderly patients (>66 years) combined use of amiodarone and DOACs increased the odds ratio for major bleeding to 1.53 (95% confidence 1.24–1.89) compared to intake of DOACs alone (Shurrab et al., 2023). Furthermore, a recent nationwide Belgian study in 193,072 patients with AF treated with DOACs investigated the concomitant use of P-gp/CYP3A4 inhibitors and inducers. Thereof, 46,194 (23.9%) received an inhibitor and 2,903 (1.5%) an inducer of either P-gp or CYP3A4. The concomitant use of P-gp/CYP3A4 inhibitors was associated with a higher bleeding risk (aHR 1.24, 95% CI, 1.18–1.30) and higher all-cause mortality (aHR 1.07, 95% CI, 1.02–1.11), while the use of P-gp/CYP3A4 inducers was associated with a higher risk to develop stroke (aHR 1.31, 95% CI, 1.03–1.68). (Grymonprez et al., 2023) These data should raise awareness of healthcare professionals.
The combination of amiodarone and propofol is frequently used if electrical cardioversion is necessary. Both substances exert a risk for QTc prolongation (Scalese et al., 2016). However, all patients subjected to undergo electrical cardioversion are monitored with regards to their electrocardiogram and vital signs. Therefore, possible arrhythmias and/or asymptomatic QTc prolongations would be diagnosed immediately. Although rare, Torsade de Pointes arrhythmia may be life-threatening and treating healthcare professionals should be aware of other risk factors, such as concomitant medication, hypokalemia, hypomagnesemia, long QTc at baseline, or a low heart rate (Abrich et al., 2017). Possible alternatives that do not prolong the QTc time include esketamine and/or midazolam (Woosley et al., 2024). There were no reports of prolonged QTc in electronic health records following the combined use of propofol and amiodarone in our cohort. However, within in this retrospective study, we did not systematically investigate QTc intervals. The only study describing prolongation of the QTc following propofol was conducted in critically ill patients, who likely received higher doses of propofol for a longer treatment duration. Hence, a direct comparison may not be possible. However, in the study by Scalese et al. the QTc interval increased by 30.4 ± 55.5 ms and 43.8% had a QTc>500 ms (Scalese et al., 2016).
Other drugs that bear a significant risk of QTc prolongation are antidepressants, specifically selective serotonin reuptake inhibitors (SSRIs) including escitalopram, fluoxetine, fluvoxamine, and sertraline (Funk and Bostwick, 2013). This specific class of drugs is of particular interest because 20%–40% of patients with AF suffer from depressive symptoms (Manolis et al., 2023). Furthermore, there is a possible association between depression and/or depressive symptoms and the risk of AF (RR 1.15, 95% CI, 1.03–1.27) and additionally the risk of AF increases with the use of antidepressants (RR 1.16, 95% CI, 1.07–1.25) (Fu et al., 2022). Interestingly, an Australian study that was conducted between 2014 and 2018 investigated the most common interacting partners with DOACs. The most frequent interactions partners were SSRIs/SNRIs (14.8%), followed by NSAIDs (9.7%), calcium channel blockers (8.8%) and amiodarone (6.5%). (Bezabhe et al., 2020) Of note, all drugs that reduce serotonin concentrations in platelets, like SSRIs and selective serotonin/noradrenalin reuptake inhibitors (SNRIs), may increase the risk of bleeding (Laporte et al., 2017). Bixby et al. discussed that SSRIs with a low (e.g., sertraline, fluoxetine) to intermediate (e.g., citalopram, venlafaxine) receptor affinity may not be associated with an increased risk of bleeding (Bixby et al., 2019). Furthermore, the use of non-serotonergic alternatives may reduce the bleeding risk (Bixby et al., 2019; McCloskey et al., 2008). However, the available data is somewhat inconsistent and further studies are still required to confirm these recommendations (Na et al., 2018; Carvalho et al., 2016). Nonetheless, the concomitant use of SSRIs with DOACs was associated with an increased risk of major bleeding (incident rate ratio 1.33; 95% CI, 1.24–1.42) in 42,190 patients with AF. The increased risk was maximal in the first 30 days (IRR 1.74; 95% CI, 1.37–2.2) and remained significantly elevated for up to 6 months (Rahman et al., 2024). In addition, a meta-analysis by Machado et al. in a population of 279,540 anticoagulated patients with concomitant use of SSRIs showed an increased risk of major bleeding (RR 1.33, 95% CI, 1.06–1.66) (Machado et al., 2023). In our cohort the combination of low-dose acetylsalicylic acid with an anticoagulant was frequent. However, given recent guidelines the prescription of anticoagulants replaces platelet inhibitors in most patients (Collet et al., 2021). Therefore, we believe that a critical appraisal of long-term medication is necessary in patients with AF, who will receive long-term anticoagulation. This is especially true with regards to amiodarone, antidepressants, NSAIDs and other platelet inhibitors.
Simvastatin, a CYP3A4 substrate was involved in numerous pDDIs. These pharmacokinetic interactions could easily be prevented by using statins that are not metabolized by CYP enzymes, or at least to a lesser extent, e.g., rosuvastatin or atorvastatin (Jones et al., 2003). A pharmacovigilance study of statins compared the risk of rhabdomyolysis. Among 10,657 reports between 1995 and 2022, 51.2% caused or prolonged hospitalization and 3.5% were fatal. Age ≥75 years (OR 1.82, 95% CI, 1.74–1.90) and male sex (OR 1.87, 95% CI, 1.80–1.95) were relevant risk factors. The risk of rhabdomyolysis was higher in patients with respective drug-drug interactions (OR 12.64, 95% CI, 11.64–13.7) and simvastatin had the highest risk of all statins (Montastruc, 2023).
Although pDDIs may be less relevant in the fast-paced environment of the ED, in stable patients, a brief medication analysis would be feasible and useful to avoid unnecessary potential harm and healthcare costs.
5 LIMITATIONS
This study has several limitations. Beside the above-mentioned methodological issues with the time-gap of drug intake and their respective duration of effects, the retrospective character of the study and the non-systematic evaluation of clinical endpoints in relation to the pDDIs must be mentioned. Patients from only one tertiary care hospital ED were included, which may limit the generalizability of the results. The analysis was limited to the ED stay and did not include changes to the medication during a possible hospital stay. Another concern is the specific pharmacological property of amiodarone with its very long half-life of up to 100 days after withdrawal of long-term therapy (Hamilton et al., 2020; Taylor, 2002; Latini et al., 1984). Consequently, amiodarone may affect drug metabolism even months after its last administration, which one would have to consider when performing pDDI analysis. A single database was used to identify pDDIs. Furthermore, therapy adherence of patients with regards to their long-term medication was not analyzed within this study. In the follow-up analysis the occurrence of minor bleedings may be underestimated because they are not always mentioned in the electronic notes. Furthermore, QTc was not systematically quantified. Moreover, the access to the electronic health record of the patients was limited to the hospitals of Vienna.
6 CONCLUSION
Healthcare professionals should be wary of pDDIs in patients with AF, especially with regards to additive effects on bleeding risk, QTc prolongation and risk for myopathy. Modification of long-term therapy should be considered to prevent pDDIs with AF-specific medication. This may influence the choice of long-term therapy with special regards to antidepressants or statins and should trigger deprescribing of unnecessary drugs.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The study involving humans was approved by Local Ethics committee of the Medical University of Vienna (EK-number 2084/2019). The study was conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.
AUTHOR CONTRIBUTIONS
TB: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Validation, Visualization, Writing–original draft, Writing–review and editing. FN: Conceptualization, Methodology, Validation, Writing–review and editing. MK: Data curation, Investigation, Software, Writing–review and editing. MB: Data curation, Investigation, Software, Writing–review and editing. HD: Conceptualization, Supervision, Validation, Writing–review and editing. MZ: Supervision, Validation, Writing–review and editing. CS: Conceptualization, Formal Analysis, Methodology, Project administration, Validation, Writing–review and editing. FC: Conceptualization, Funding acquisition, Methodology, Project administration, Supervision, Validation, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Medical Scientific Fund of the Mayor of the City of Vienna (project number: 21010, recipient FC, MD).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1432713/full#supplementary-material
REFERENCES
 Abrich, V. A., Ramakrishna, H., Mehta, A., Mookadam, F., and Srivathsan, K. (2017). The possible role of propofol in drug-induced torsades de pointes: A real-world single-center analysis. Int. J. Cardiol. 232, 243–246. doi:10.1016/j.ijcard.2017.01.011
 Bakker, T., Dongelmans, D. A., Nabovati, E., Eslami, S., de Keizer, N. F., Abu-Hanna, A., et al. (2022). Heterogeneity in the identification of potential drug-drug interactions in the intensive care unit: a systematic review, critical appraisal, and reporting recommendations. J. Clin. Pharmacol. 62 (6), 706–720. doi:10.1002/jcph.2020
 Bezabhe, W. M., Bereznicki, L. R., Radford, J., Wimmer, B. C., Salahudeen, M. S., Bindoff, I., et al. (2020). Five-year trends in potential drug interactions with direct-acting oral anticoagulants in patients with atrial fibrillation: an Australian-wide study. J. Clin. Med. 9 (11), 3568. doi:10.3390/jcm9113568
 Bixby, A. L., VandenBerg, A., and Bostwick, J. R. (2019). Clinical management of bleeding risk with antidepressants. Ann. Pharmacother. 53 (2), 186–194. doi:10.1177/1060028018794005
 Boehringer Ingelheim, Pradaxa (2009). Summary of Product Characteristics. Available at: https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf Date of access 22.09.2024, Version 1.4.
 Bouida, W., Beltaief, K., Msolli, M. A., Azaiez, N., Ben Soltane, H., Sekma, A., et al. (2019). Low-dose magnesium sulfate versus high dose in the early management of rapid atrial fibrillation: randomized controlled double-blind study (LOMAGHI study). Acad. Emerg. Med. 26 (2), 183–191. doi:10.1111/acem.13522
 Carvalho, A. F., Sharma, M. S., Brunoni, A. R., Vieta, E., and Fava, G. A. (2016). The safety, tolerability and risks associated with the use of newer generation antidepressant drugs: a critical review of the literature. Psychother. Psychosom. 85 (5), 270–288. doi:10.1159/000447034
 Cascorbi, I. (2012). Drug interactions--principles, examples and clinical consequences. Dtsch. Arztebl Int. 109 (33-34), 546–555. quiz 556. doi:10.3238/arztebl.2012.0546
 Collet, J. P., Thiele, H., Barbato, E., Barthélémy, O., Bauersachs, J., Bhatt, D. L., et al. (2021). 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur. Heart J. 42 (14), 1289–1367. doi:10.1093/eurheartj/ehaa575
 Cooksley, T., Rose, S., and Holland, M. (2018). A systematic approach to the unconscious patient. Clin. Med. (Lond). 18 (1), 88–92. doi:10.7861/clinmedicine.18-1-88
 Daiichi Sankyo Europe GmbH (2015). Lixiana, Summary of Product Characteristics. Available at: https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf Date of access 22.09.2024, Version 1.4.
 Fromm, C., Suau, S. J., Cohen, V., Likourezos, A., Jellinek-Cohen, S., Rose, J., et al. (2015). Diltiazem vs. Metoprolol in the management of atrial fibrillation or flutter with rapid ventricular rate in the emergency department. J. Emerg. Med. 49 (2), 175–182. doi:10.1016/j.jemermed.2015.01.014
 Fu, Y., Feng, S., Xu, Y., Yang, Y., Chen, H., He, W., et al. (2022). Association of depression, antidepressants with atrial fibrillation risk: a systemic review and meta-analysis. Front. Cardiovasc Med. 9, 897622. doi:10.3389/fcvm.2022.897622
 Funk, K. A., and Bostwick, J. R. (2013). A comparison of the risk of QT prolongation among SSRIs. Ann. Pharmacother. 47 (10), 1330–1341. doi:10.1177/1060028013501994
 Gonzalez Morganti, K., Bauhoff, S., Blanchard, J. C., et al. (2013). The evolving role of emergency departments in the United States. United States: RAND Corporation. 
 Gronich, N., Stein, N., and Muszkat, M. (2021). Association between use of pharmacokinetic-interacting drugs and effectiveness and safety of direct acting oral anticoagulants: nested case-control study. Clin. Pharmacol. Ther. 110 (6), 1526–1536. doi:10.1002/cpt.2369
 Grymonprez, M., Carnoy, L., Capiau, A., Boussery, K., Mehuys, E., De Backer, T. L., et al. (2023). Impact of P-glycoprotein and CYP3A4-interacting drugs on clinical outcomes in patients with atrial fibrillation using non-vitamin K antagonist oral anticoagulants: a nationwide cohort study. Eur. Heart J. Cardiovasc Pharmacother. 9 (8), 722–730. doi:10.1093/ehjcvp/pvad070
 Guimaraes, P. O., Pokorney, S. D., Lopes, R. D., Wojdyla, D. M., Gersh, B. J., Giczewska, A., et al. (2019). Efficacy and safety of apixaban vs warfarin in patients with atrial fibrillation and prior bioprosthetic valve replacement or valve repair: insights from the ARISTOTLE trial. Clin. Cardiol. 42 (5), 568–571. doi:10.1002/clc.23178
 Gutierrez, C., and Blanchard, D. G. (2016). Diagnosis and treatment of atrial fibrillation. Am. Fam. Physician 94 (6), 442–452.
 Hamilton, D. Sr., Nandkeolyar, S., Lan, H., Desai, P., Evans, J., Hauschild, C., et al. (2020). Amiodarone: a comprehensive guide for clinicians. Am. J. Cardiovasc Drugs 20 (6), 549–558. doi:10.1007/s40256-020-00401-5
 Harder, S., and Thürmann, P. (1996). Clinically important drug interactions with anticoagulants. An update. Clin. Pharmacokinet. 30 (6), 416–444. doi:10.2165/00003088-199630060-00002
 Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomström-Lundqvist, C., et al. (2021). 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): the Task Force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 42 (5), 373–498. doi:10.1093/eurheartj/ehaa612
 Jones, P. H., Davidson, M. H., Stein, E. A., Bays, H. E., McKenney, J. M., Miller, E., et al. (2003). Comparison of the efficacy and safety of rosuvastatin versus atorvastatin, simvastatin, and pravastatin across doses (STELLAR**STELLAR = Statin Therapies for Elevated Lipid Levels compared across doses to Rosuvastatin. Trial). Am. J. Cardiol. 92 (2), 152–160. doi:10.1016/s0002-9149(03)00530-7
 Jörgensen, T., Johansson, S., Kennerfalk, A., Wallander, M. A., and Svärdsudd, K. (2001). Prescription drug use, diagnoses, and healthcare utilization among the elderly. Ann. Pharmacother. 35 (9), 1004–1009. doi:10.1345/aph.10351
 Kawamanto, K., Flynn, M. C., Kukhareva, P., ElHalta, D., Hess, R., Gregory, T., et al. (2018). A pragmatic guide to establishing clinical decision support governance and addressing decision support fatigue: a case study. AMIA Annu. Symp. Proc. 2018, 624–633.
 Khan, M. Z., Sridhar, S. B., and Gupta, P. K. (2019). Assessment of potential drug-drug interactions in hospitalized cardiac patients of a secondary care hospital in the United Arab Emirates. J. Res. Pharm. Pract. 8 (1), 20–24. doi:10.4103/jrpp.JRPP_18_46
 Laporte, S., Chapelle, C., Caillet, P., Beyens, M. N., Bellet, F., Delavenne, X., et al. (2017). Bleeding risk under selective serotonin reuptake inhibitor (SSRI) antidepressants: a meta-analysis of observational studies. Pharmacol. Res. 118, 19–32. doi:10.1016/j.phrs.2016.08.017
 Latini, R., Tognoni, G., and Kates, R. E. (1984). Clinical pharmacokinetics of amiodarone. Clin. Pharmacokinet. 9 (2), 136–156. doi:10.2165/00003088-198409020-00002
 Letinier, L., Pujade, I., Duthoit, P., Evrard, G., Salvo, F., Gil-Jardine, C., et al. (2022). Emergency department admissions induced by drug-drug interactions in the elderly: a cross-sectional study. Clin. Transl. Sci. 15 (6), 1472–1481. doi:10.1111/cts.13262
 Linjakumpu, T., Hartikainen, S., Klaukka, T., Veijola, J., Kivelä, S. L., and Isoaho, R. (2002). Use of medications and polypharmacy are increasing among the elderly. J. Clin. Epidemiol. 55 (8), 809–817. doi:10.1016/s0895-4356(02)00411-0
 Lipworth, B. J. (1996). Pharmacokinetics of inhaled drugs. Br. J. Clin. Pharmacol. 42 (6), 697–705. doi:10.1046/j.1365-2125.1996.00493.x
 Lopes, R. D., Rordorf, R., De Ferrari, G. M., Leonardi, S., Thomas, L., Wojdyla, D. M., et al. (2018). Digoxin and mortality in patients with atrial fibrillation. J. Am. Coll. Cardiol. 71 (10), 1063–1074. doi:10.1016/j.jacc.2017.12.060
 Machado, C. M., Alves, M., and Caldeira, D. (2023). Impact of selective serotonin-reuptake inhibitors in hemorrhagic risk in anticoagulated patients taking non-vitamin K antagonist anticoagulants: a systematic review and meta-analysis. J. Clin. Psychopharmacol. 43 (3), 267–272. doi:10.1097/jcp.0000000000001684
 Manolis, T. A., Manolis, A. A., Apostolopoulos, E. J., Melita, H., and Manolis, A. S. (2023). Depression and atrial fibrillation in a reciprocal liaison: a neuro-cardiac link. Int. J. Psychiatry Clin. Pract. 27 (4), 397–415. doi:10.1080/13651501.2023.2248214
 Marino, A., Capogrosso-Sansone, A., Tuccori, M., Bini, G., Calsolaro, V., Mantarro, S., et al. (2016). Expected and actual adverse drug-drug interactions in elderly patients accessing the emergency department: data from the ANCESTRAL-ED study. Expert Opin. Drug Saf. 15 (Suppl. 2), 45–50. doi:10.1080/14740338.2016.1221400
 Masnoon, N., Shakib, S., Kalisch-Ellett, L., and Caughey, G. E. (2017/10/10 2017). What is polypharmacy? A systematic review of definitions. BMC Geriatr. 17 (1), 230. doi:10.1186/s12877-017-0621-2
 McCloskey, D. J., Postolache, T. T., Vittone, B. J., Nghiem, K. L., Monsale, J. L., Wesley, R. A., et al. (2008). Selective serotonin reuptake inhibitors: measurement of effect on platelet function. Transl. Res. 151 (3), 168–172. doi:10.1016/j.trsl.2007.10.004
 Montastruc, J. L. (2023). Rhabdomyolysis and statins: a pharmacovigilance comparative study between statins. Br. J. Clin. Pharmacol. 89 (8), 2636–2638. doi:10.1111/bcp.15757
 Muhic, N., Mrhar, A., and Brvar, M. (2017). Comparative analysis of three drug-drug interaction screening systems against probable clinically relevant drug-drug interactions: a prospective cohort study. Eur. J. Clin. Pharmacol. 73 (7), 875–882. doi:10.1007/s00228-017-2232-4
 Na, K. S., Jung, H. Y., Cho, S. J., and Cho, S. E. (2018). Can we recommend mirtazapine and bupropion for patients at risk for bleeding? a systematic review and meta-analysis. J. Affect Disord. 225, 221–226. doi:10.1016/j.jad.2017.08.002
 Nguyen, D. D., Akoum, N., Hourmozdi, J., Prutkin, J. M., Robinson, M., Tregoning, D. M., et al. (2021). Catheter ablation of atrial fibrillation results in significant QTc prolongation in the postoperative period. Heart rhythm. 2 (5), 500–510. doi:10.1016/j.hroo.2021.08.004
 Rahman, A. A., Platt, R. W., Beradid, S., Boivin, J. F., Rej, S., and Renoux, C. (2024). Concomitant use of selective serotonin reuptake inhibitors with oral anticoagulants and risk of major bleeding. JAMA Netw. Open 7 (3), e243208. doi:10.1001/jamanetworkopen.2024.3208
 Rau, J. L. (2005). The inhalation of drugs: advantages and problems. Respir. Care 50 (3), 367–382.
 Sadiq, M. W., Holz, O., Ellinghusen, B. D., Faulenbach, C., Müller, M., Badorrek, P., et al. (2021). Lung pharmacokinetics of inhaled and systemic drugs: a clinical evaluation. Br. J. Pharmacol. 178 (22), 4440–4451. doi:10.1111/bph.15621
 Scalese, M. J., Herring, H. R., Rathbun, R. C., Skrepnek, G. H., and Ripley, T. L. (2016). Propofol-associated QTc prolongation. Ther. Adv. Drug Saf. 7 (3), 68–78. doi:10.1177/2042098616641354
 Shurrab, M., Jackevicius, C. A., Austin, P. C., Tu, K., Qiu, F., Singh, S. M., et al. (2023). Association between concurrent use of amiodarone and DOACs and risk of bleeding in patients with atrial fibrillation. Am. J. Cardiol. 186, 58–65. doi:10.1016/j.amjcard.2022.10.031
 Steffel, J., Collins, R., Antz, M., Cornu, P., Desteghe, L., Haeusler, K. G., et al. (2021). 2021 European heart rhythm association practical guide on the use of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation. Europace 23 (10), 1612–1676. doi:10.1093/europace/euab065
 Taylor, S. E. (2002). Amiodarone: an emergency medicine perspective. Emerg. Med. (Fremantle) 14 (4), 422–429. doi:10.1046/j.1442-2026.2002.00383.x
 Vogel, S., Reiswich, A., Ritter, Z., Schmucker, M., Fuchs, A., Pischek-Koch, K., et al. (2022). Development of a clinical decision support system for smart algorithms in emergency medicine. Stud. Health Technol. Inf. 289, 224–227. doi:10.3233/SHTI210900
 Wagh, B. R., Godbole, D. D., Deshmukh, S. S., Iyer, S., and Deshpande, P. R. (2019). Identification and assessment of potential drug-drug interactions in intensive care unit patients. Indian J. Crit. Care Med. 23 (4), 170–174. doi:10.5005/jp-journals-10071-23147
 Woosley, R. L. H. C., Gallo, T., Woosley, D., and Romero, K. A. (2024). QTdrugs list, [accession date]. Tucson, AZ: AZCERT, Inc. 1457 E. Desert Garden Dr. Available at: www.CredibleMeds.org.
 Zheng, W. Y., Richardson, L. C., Li, L., Day, R. O., Westbrook, J. I., and Baysari, M. T. (2018). Drug-drug interactions and their harmful effects in hospitalised patients: a systematic review and meta-analysis. Eur. J. Clin. Pharmacol. 74 (1), 15–27. doi:10.1007/s00228-017-2357-5
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2024 Bischof, Nagele, Kalkofen, Blechschmidt, Domanovits, Zeitlinger, Schoergenhofer and Cacioppo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1432713-t005.jpg
Potential consequences of X-pDDls Results (%)

isk of QTe prolongation 17 (35)
increased bleeding risk 11(23)

| anticholinergic effects | 5 (10)
CNS depression 5(10)
risk of myopathy 2(4)
Increased bleeding risk 119 (37)
Risk of QT prolongation 0 29)
CNS depression 30 (9)
Risk of myopathy 28(9)

X = avoid combination, D = modify therapy, CNS, central nervous system; pDDI, potential
diti-drugiarsction: PR ihasinkoldnats:





OPS/images/fphar-15-1432713-t003.jpg
K Doteatial i drisinbrection. & = sl combiree. I = il thia nisdieion,

Overall (X: C- pDDls) pDDIs D-pDDls
Amiodarone 552 9 104 439
Propofol 399 1 76 32
Bisoprolol 25 - B 238
Enoxaparin 150 9 76 6
' Acetylsalicylic acid 139 i 61 77
 Furosemide 17 - 6 11
Metoprolol 104 - 4 100
Hydrochlorothiazide 103 - 103
Amlodipine 85 - 6 .79
Metamizole 80 3 31 46
Candesartan 76 |- 1 s
Spironolactone 64 1 63
Valsartan 63 - - &
Ramipril 58 - 1 57
Edosaban 2 s 1 B
Simvastatin 36 - 2 10






OPS/images/fphar-15-1432713-t004.jpg
Most frequently identified X-graded pDDlIs

Drug 1 Drug 2 Potential consequence Frequency Expert review
Edoxaban Enoxaparin increased bleeding risk 5 3
Ipratropium Tiotropium | anticholinergie effects 4 i
Amiodarone Quetiapine risk of QTe prolongation 3 2
Amiodarone Gitalopram tisk of QTc prolongation 3 2
Sotlol Vernakalant tisk of QTe prolongation s 2
Ibutilide Propafenone tisk of QTc prolongation 2 2
Enoxaparin Rivaroxaban increased bleeding risk 2 2
Amiodarone Moxifloxacin tisk of QTc prolongation 2 2
Dronedarone Vernakalant tisk of QTc prolongation 1 3

Most frequently identified D-graded pDDls

Drug 1 Drug 2 Potential consequence Frequency Expert review
Amiodarone Propofol risk of QTe prolongation 53 1
Acetylsalicylic acid Enoxaparin increased bleeding risk 44 2
 Amiodarone | Simvastatin ik of myopathy 17 3
Enoxaparin Metamizol " increased bleeding risk o 1
Propofol Vernakalant isk of QTe prolongation s o5
Amiodarone Phenprocoumon | increased bleeding risk s 2

' Acetylsalicylic acid Metamizol increased bleeding risk 7 1

Clopidogeel Enoxaparin increased bleeding risk P 2
Amiodarone | Thutiide risk of QTe prolongation 6 B
Amlodipin | Simvastatin | isk of myopathy 6 2
Ibutilide | Propofol isk of QTe prolongation 6 15
‘Tramadol Propofol CNS depression 5 15

For the expert review a numerical severity grading was applied: 4 = avoid combination, 3 = therapy modification, 2 = monitor therapy 1 = no action needed, 0 = no known interaction. The column
expert review presents a median of the individual responses from the six experts. A median of 2, for instance, means that the experts found overall that a specific pDDI, should be monitored; CNS,
central nervous system; pDDI, potential drug-drug-interaction.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Drug-drug-interactions in patients with atrial fibrillation admitted to the emergency department		Introduction

		Methods

		Results

		Discussion

		1 Introduction

		2 Methods

		3 Results		3.1 Drugs most frequently involved in pDDIs

		3.2 X- and D-graded pDDIs

		3.3 Follow-up analysis

		3.4 Comparison Lexicomp database vs. expert review analysis





		4 Discussion

		5 Limitations

		6 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

Drug-drug-interactions in
patients with atrial fibrillation
admitted to the emergency
department





OPS/images/fphar-15-1432713-t001.jpg
Demographic data Results

Patients [n= (%)] 200 (100)
Female [n= (%)] 105 (52.5)

Male [n= (%)] 95 (47.5)

Age, median (IQR) 71 (61-77)
Creatinine mg/dL, median (IQR) 0.97 (0.81-1.17)
Glomerular Filtration Rate mL/min, median (IQR) 70 (55-85)

Most frequent comorbidities [n= (%)]

- Hypertension [n= (%)] 118 (59)
- Hyperlipidemia [n= (%)) 41 1)
- Diabetes mellitus II [n= (%)] 38 (19)
- Coronary artery disease [n= (%)] 31(16)
- Chronic kidney disease [n= (%)] 19 (10)
total number of drugs (median per patient, IQR) 1,576 (7, 5-10)
- long-term medication (median per patient, IQR) 1,018 (5, 3-7)
- ED medication (median per patient, IQR) 558 (3, 2-4)
drug classes of prescribed drugs [n= (%)] 1,576 (100)
N Alimentary tract and metabolism (A) [n= (%)] 142 (9)
- Blood and blood forming organs (B) [n= (%)] 262 (17)
- Cardiovascular system (C) [n= (%)) 768 (49)
- genito urinary system and sex organs (G) [n= (%)] 14.(1)
- systemic hormonal preparations, exclusive sex hormones and insulins (H) [n= (%)) 4803)
- anti-infectives for systemic use (J) [n= (%)] 2(1)
- antineoplastic and immunomodulating agents (L) [n= (%)] | 11 (1)
- musculo-skeletal system (M) [n= (%)] 23(1)
- nervous system (N) [n= (%)] 217 (14)
- antiparasitic products, insecticides and repellents (P) [n= (%)] 2(0
- respiratory system (R) [n= (%)] 63 (4)
- sensory organs (S) [n= (%)] 300
- various (V) [n= (%)] 1(0)
total number of pDDIs [n= (median per patient, IQR)] 2085 (7, 3-13)
- pDDIs for long-term medication [n= (median per patient, IQR)] 664 (2, 0-4)
- pDDIs for ED plus long-term medication [n= (median per patient, IQR)] 1,421 (6, 2-10)

T o Y G s TR e L D amre—





OPS/images/fphar-15-1432713-t002.jpg
Severity Number of pDDlIs (% of Number of affected patients with at least one Mean pDDIs per

total pDDIs) pDDI (% of total pDDlIs) patient
Overall X 48 (2) 37 (19) 0.24
Xor long-term medication T 15 (8)
X for ED plus long-term 31 26 (13)
‘medication
Overall D 318 (1) 139 (70) 159
D for long-term medication = 64 43 (22)
D for ED plus long-term 254 133 (67)
medication
Overall C 1555 (75) 150 00) s
C for long-term medication = 494 120 (60)
C for ED plus long-term 1,061 171 (86)
medication

200,

il abatan T S cante e insdicaiog, € = avae St pDDL pektal el il ED: st duartasat.










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





