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Abstract

:

There are few reports on drug utilization and drug-drug interactions in Intensive Care Units (ICUs) in Egypt. A total of 94 patients participated in this retrospective observational study. Patient’s medical records were used to collect demographics, medical history, admission and discharge dates and medications used. The mean ± SD of the Glasgow Coma Scale (GCS) scores was 9.9 ± 4.4 and the median length of stay was 7 days (range 1–47 days). The total number of prescribed medications ranged from 4–29 with a mean ± SD of 14.1 ± 5.5 medications per patient. The top three most prescribed categories belonged to (1) anti-infective agents (23.9%); (2) electrolyte, caloric and water balance agents (14.6%); and (3) blood formation, coagulation and thrombosis (11.3%). The proton pump inhibitor, esomeprazole, was the most frequently prescribed medication accounting for 6.5% of total prescriptions, followed by clindamycin and magnesium sulfate each accounting for 3.5% of total prescriptions. The potential Drug-Drug Interactions (pDDIs) showed a total of 968 pDDIs with a mean ± SD (range) of 10.2 ± 9.4 (0–43) pDDIs per patient: severe (contraindicated) (3), major (178), moderate (618) and minor (169). Overall, the drug utilization patterns in this study were consistent with ICU drug utilization from other countries in the region. The implementation of clinical decision support systems and the involvement of clinical pharmacists may help improve medication safety.
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1. Introduction


The examination of drug utilization patterns within intensive care units (ICUs) is critical to identify trends or associations of medication errors with prescription patterns. Medication errors are common and account for 78% of serious medical errors in the ICU [1]. ICUs deal with the most critically ill patients which are typically prescribed twice as many medications as patients in other hospital wards and are most likely to suffer a potentially life threating error at some point during their ICU stay [2]. Medication reconciliation is recommended to improve patient safety [3]. That would include maintaining a list of long-standing medications (reasons for holding or discontinuing) as well as information related to starting new medications and their planned stop dates [3]. The authors also recommended involving pharmacists in patient rounds in the ICU as a means of decreasing adverse drug events [3].



There are few reports on drug utilization in intensive care units in Egypt [4]. To our knowledge, this is the first report of drug utilization and drug-drug interactions at the ICU of a university tertiary care hospital in Egypt. Thus, the main objectives of this retrospective observational study were to assess the drug utilization patterns and potential drug-drug interactions in the ICU at Ain Shams University Internal Medical Hospital, Cairo, Egypt.




2. Materials and Methods


2.1. Clinical Setting


Ain Shams University’s Faculty of Medicine is a public Egyptian State School and one of the largest educational medical institutions in Africa and the Middle East [5]. The university educational hospitals consist of inpatient and outpatient clinics with approximately 3200 beds and a staff of 10,000 serving approximately 2 million patients per year from all over Egypt. Specialized intensive care units serve individual medical departments (Ain Shams University—Faculty of Medicine). The study was conducted at the medical ICU of Ain Shams University Internal Medicine hospital, Cairo, Egypt. The medical ICU at the hospital has 17 beds and admits adult patients from the internal medicine and oncology departments.




2.2. Data Collection and Analysis


A total of 94 patients were admitted to a 17-bed medical ICU at Ain Shams University Internal Medical Hospital, Cairo, Egypt. The patient’s records were used to retrospectively collect all required data for the study. The patients had peripheral or central venous access according to their clinical condition as well as nasogastric tubes used for enteral feeding and the delivery of oral medications. All the patients were admitted between 1 October and 30 November 2018. Data were collected from the clinical pharmacy department and nursing medication administration records. The data included the patients’ demographics (age, weight, gender and ethnicity), past medical history, cause of admission, admission and discharge dates, length of stay, Glasgow Coma Scale (GCS), creatinine clearance, patient outcome and medication administration record. Information on medications prescribed to each patient at the time of admission to ICU and during the entire duration of the ICU stay was recorded providing a complete medication profile. Medication start and end dates were recorded as well as route of administration and estimated total daily dose. The collected data were entered into an excel worksheet. Administered medications were classified into categories and subcategories according to the American Hospital Formulary Service (AHFS drug information). The potential for drug-drug interactions (pDDIs) for each drug included in patient prescription drug care plans was analyzed with clinical pharmacology® software (ELSEVIER North America, New York, NY 10169, USA, Clinical Decision Support). The software produced severity rankings (severe, major, moderate and minor) for each drug combination included in the care plans. The program reported the potential interaction of two or more other drugs included in the patient care plans. Multi-drug interactions were classified according to the severity of each, and the total number of pDDIs per patient was determined (drug interaction report) [6]. Only descriptive statistics were used to summarize all data collected in the study.





3. Results


During the study period, 94 patients were admitted to the ICU with a median length of stay of 7 days (range 1–47 days). The most common causes for admission were altered levels of consciousness or respiratory distress. The most common co-morbidities were hypertension and diabetes. Patient diagnoses included pneumonia, respiratory failure, status epilepticus, cerebral vascular strokes, diabetic ketoacidosis, autoimmune disease exacerbation, hepatic and/or uremic encephalopathy, shock, post cardiac arrest conditions and other causes of admission. Table 1 describes the patient demographics, GCS and creatinine clearance.



There were more females (62.8%) than males (37.2%) occupying the ICU beds. All patients were of white ethnicity and most of the patients (84.2%) were 41–65 and >66 years of age. Based on estimated creatinine clearance values, most patients had some degree of renal insufficiency with only 13.8% having normal renal function. The total number of medications prescribed for every patient ranged from 4 to 29 with a mean ± SD of 14.1 ± 5.5 medications per patient. The average number of medications prescribed in the first 24 h of stay was nine medications per patient and this number declined to seven medications per patient on day 2 and was variable up to the end of the hospital stay. As would be expected in an ICU, most medications were administered intravenously (62.6%). The oral route accounted for 26% of medications which were mostly anti-hypertensives, laxatives and anti-epileptics. Other routes of administration included subcutaneous injection (8.3%), mostly for DVT prophylaxis and long-acting insulin, and the inhalation route accounted for 3.1% of medications. The overall ICU medication utilization (% of total prescriptions) was grouped according to AHFS into 13 therapeutic categories as displayed in Figure 1.



The top three most prescribed medication categories (% of total ICU prescriptions) belonged to the following therapeutic categories: (1) anti-infective agents (23.9%); (2) electrolyte, caloric and water balance agents (14.6%); and (3) blood formation, coagulation and thrombosis (11.3%). The CNS agents included drugs such as paracetamol, midazolam, phenytoin and piracetam. The miscellaneous category contained mostly the antigout agent, allopurinol. Medications belonging to the anti-infective agents were by far the most utilized at the ICU, with clindamycin, ceftriaxone and carbapenem antibiotics accounting for the top antibiotics received by patients (Figure 2).



Among all the anti-infective agents, clindamycin was the most prescribed drug, followed by ceftriaxone, which is in agreement with the ICU empirical antibiotic protocol for aspiration pneumonia and infected pressure ulcers. The carbapenem antibiotics, imipenem and meropenem, were only prescribed for ESBL and MDR bacterial infections. In the electrolyte, caloric and water balance agent’s category, magnesium sulfate, calcium carbonate and furosemide were the top agents in that category (Figure 3).



Magnesium sulfate had the highest number of prescriptions in that class of agents as it was used as a bronchodilator in patients with chest infections to relax bronchial muscles and expand the airways allowing more airflow in and out of the lungs [7,8,9]. The large number of prescriptions for calcium carbonate reflected the need to treat hyperphosphatemia and normalize phosphate concentrations in patients with CKD which constituted most ICU patients. The third highest number of prescriptions in this class was for furosemide which is the only intravenous diuretic in the ICU formulary. For the blood formation, coagulation and thrombosis category, enoxaparin was the most prescribed anticoagulant and aspirin was the most prescribed antiplatelet (Figure 3). Enoxaparin was the most used medication for DVT prophylaxis. The 25 most frequently prescribed medications are represented in Table 2.



The proton pump inhibitor, esomeprazole, was the highest on the list accounting for 6.5% of total prescriptions, followed by clindamycin and magnesium sulfate each accounting for 3.5% of total prescriptions. The pDDIs as evaluated by the Clinical Pharmacology® drug interaction report showed a total of 968 pDDIs with a mean ± SD (range) of 10.2 ± 9.4 (0–43) pDDIs per patient. The breakout of the number of pDDIs was as follows: severe (contraindicated) (3), major (178), moderate (618) and minor (169). During their ICU stay, 87 patients (93%) experienced at least one pDDI. There were no clinically significant negative outcomes that could be directly attributed to the pDDIs. However, it should be noted that the complex pharmacotherapy coupled with patient comorbidities in the ICU setting makes it difficult to diagnose pDDIs in critically ill patients. The three cases of severe pDDIs were for the same drug combination of granisetron and fluconazole. As would be expected, the propensity of potential DDIs increased as a function of the number of prescribed drug agents per patient (Figure 4).




4. Discussion


Recent data show that pharmacists can play a key role in medication management in the ICU [10]. Within the critical care professional team, they can intercept and resolve medication errors and optimize medication therapy based on pharmacokinetic and pharmacodynamic principles [10]. The ICU in this study typically receives patients who are in the late stage of disease and require many drug interventions. In the current study, even though there are prescription protocols and/or guidelines for proper drug use in ICUs, sometimes it may not be possible to strictly adhere to them because of a patient’s specific disease state, the complex ICU environment, the rotation of ICU medical residents and the prescribing physician’s medication preferences. Prescribed medication care plans are both therapeutic to treat diagnosed conditions as well as prophylactic to prevent ICU stay associated complications (DVT prophylaxis, antibiotics, antiulcer medications and sedatives). Out of the total 91 medications used, 73 (80%) belonged to the World Health Organization’s (WHO’s) Model List of Essential Medicines [11]. This is consistent with previous studies that showed that about 85–88% of prescribed drugs were from the WHO essential drug list [12]. Patel et al. studied the drug utilization patterns in 397 patients in a critical care unit in India and reported that the mean number of medications used per patient was 13.5 (95% CI 13.05–14.04) which is close to that reported in the present study [13]. In a study of 278 trauma intensive care patients conducted in the US, the mean ± SD number of drugs prescribed was 9.1 ± 6.5 [14]. Only one patient was prescribed warfarin which we typically avoid in the ICU because of its complicated drug interaction profile and the time needed to adjust and stabilize INR values. That time delay does not allow the medical staff to perform any interventional procedures such as central line insertion, tracheostomy, or bedsore debridement. Heparin and LMWH are preferred for patients who are warfarin candidates [15]. For the cardiovascular class, atorvastatin was the most used medication. In addition to its proven cholesterol lowering effect, it is recommended for patients with coronary artery disease to prevent heart failure [16]. For respiratory medications, N-acetylcysteine, a mucolytic and antioxidant drug [17], was used widely to ease mucous suction from intubated patients [18]. For pain and fever control, paracetamol was the most prescribed medication because of the perception of prescribers that it is safer in comparison with NSAIDs, especially in patients who have kidney disease or are prone to gastrointestinal bleeding. Since the ICU was medical non-surgical, the need for opioids for pain management was minimal. Insulin was widely used because the ICU blood sugar control protocol required an insulin infusion pump used or a sliding scale according to each patient’s condition. Norepinephrine was the top of the list of inotropes, and this was consistent with its use according to the ICU sepsis protocol. Data have shown that the use of norepinephrine as part of hemodynamic management may influence outcomes favorably in septic shock patients [19]. In a study of 138 intensive care patients in the country of Oman, omeprazole was the most prescribed drug accounting for 6.7% of all prescriptions which is almost identical to the percentage of esomeprazole reported in the present report [20]. Our study showed that the top prescribed medications belonged to anti-infective agents (23.9% of total ICU prescriptions) with clindamycin being the top anti-infective agent. Data from recent reports indicate that clindamycin significantly reduced mortality in critically ill patients with bacteremic Group A streptococcal infections [21]. Al-Zakwani et al. reported anti-infective drugs were the most prescribed class of drugs accounting for 25.1% which is consistent with our finding of 23.9% for anti-infective drugs as a % of total ICU prescriptions [20]. Gawali and Khobragade reported that anti-infective drugs were the most prescribed drugs (30%) at the ICU of a tertiary care teaching hospital in India [22]. A report on the use of antibiotics in the intensive care unit of a tertiary hospital in Malawi points to even higher use of antibiotics in the ICU. The study showed that 81.6% of patients received antibiotics at the ICU and that bacteria appeared to show high levels of resistance to ceftriaxone, which is the last line antibiotic commonly being used [23]. Another ICU drug utilization study in Oman showed that NSAIDs were the most prescribed class of drugs at 38% [12]. Overall, the drug utilization patterns in the current study were consistent with other reports on ICU drug utilization from other countries in the region.



The identification of pDDIs is challenging in most ICU patients given complexity of drug profiles and the occurrence of adverse drug events [24]. Multidrug interactions are known to increase the risk of associated adverse drug events [25]. A large study of pDDIs in 1659 intensive care patients showed that 54% of patients experienced at least one pDDI [26] In the ICU setting, vast majority of pDDIs can be managed by monitoring [26]. It should be noted that the drug-drug interaction software is designed to flag potential DDIs and does not address clinical significance. Since polypharmacy is unavoidable in the ICU setting, there is the possibility that the combination of drug agents can modify the proarrhythmic potential of one of the drug agents triggering a QT prolongation effect [27]. Because ICU patients are continuously monitored, the offending drug can be stopped if any ECG changes occur. The major pDDIs mostly consist of metabolic type interactions arising from using combinations of a potent inhibitor and substrate drug agents of the same cytochrome P450 family of enzymes. Examples of potent inhibitor perpetrators of pDDIs are clarithromycin and fluconazole (CYP3A). Many drug agents that were widely used in the ICU in this study were inhibitors of important CYP enzymes, i.e., esomeprazole (a competitive inhibitor of CYP2C19), ciprofloxacin (a moderately potent inhibitor of CYP1A2), and fluconazole (an inhibitor of CYP3A4, CYP2C9 and CYP2C19) [28]. Other major pDDIs involved the combination of potassium chloride with potassium sparing diuretics or ACE inhibitors. Major pDDIs involving digoxin were due to its narrow therapeutic index. Due to lack of availability of IV antihypertensive medications at the ICU, multiple oral antihypertensive agents had to be administered via NG tubing in addition to IV nitroglycerin, and that accounted for several moderate pDDIs. The use of aspirin, heparin or any of its derivatives for DVT prophylaxis also accounted for several of the observed pDDIs. A few of the moderate pDDIs resulted from the interaction of insulin with several medications such as steroids, inotropes and beta blockers. Given that 46.8% of ICU patients were diabetic and using insulin, this may have contributed to the number of pDDIs. The frequency of 10.2 pDDIs per patient reported in the current study is much higher than the 1.7 pDDIs per patient reported by Uijtendaal et al. [26], the 2.2 pDDIs per patient reported by Bakker et al. [29] and the 3 pDDIs per patient reported by Vanham et al. [24]. It has been reported that at least one relevant pDDI occurs in 54% of all ICU patients [26]. The percentage of ICU patients experiencing at least one pDDI in the current study was 93% which is higher than those reported in other ICU studies (79% reported by Vanham et al. [24] and 76% reported by Wagh et al. [30]). One of the reasons for the higher pDDIs, as stated earlier, might be that the ICU deals with patients who are in later stages of disease requiring many drug interventions. The introduction of clinical decision support systems (CDSSs) has shown potential in preventing pDDIs [31]. The CDSSs, which takes into consideration clinical knowledge and patient-related information, generates a computerized alert based on clinically relevant pDDIs [32]. Studies in critically ill patients in ICU have shown improvements in the management of infections, anticoagulation therapy, sedation and analgesia by implementing critical care pharmacy services and having clinical pharmacists contributing as members of the interdisciplinary ICU team [33]. Bazan et al. recommended optimizing clinical pharmacy services with prescription intervention strategies to reduce morbidity and mortality in critically ill Egyptian patients with renal insufficiency [4]. Thus, the implementation of a CDSS system and having clinical pharmacists contribute to prescription drug care plans as members of the multidisciplinary ICU team may help improve medication safety in ICU patients.




5. Conclusions


In the ICU, the most prescribed drugs were the anti-infective agents; electrolyte, caloric and water balance agents; and the blood formation, coagulation and thrombosis agents. Overall, the drug utilization patterns in this study were consistent with other reports on ICU drug utilization from other countries in the region. The frequency of 10.2 pDDIs per patient reported in the current study is higher than those reported in the literature and underlines the importance of involving clinical pharmacists at the ICU in therapeutic planning at the prescribing stage. While the vast majority of interactions can be managed by monitoring in the ICU setting, the implementation of clinical decision support systems and having clinical pharmacists contribute to prescription drug care plans as members of the multidisciplinary ICU team may help improve medication safety and patient outcomes.
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	non-steroidal anti-inflammatory drugs



	pDDI/s
	potential drug-drug interaction/s



	WHO
	World Health Organization







References


	



Rothschild, J.M.; Landrigan, C.; Cronin, J.W.; Kaushal, R.; Lockley, S.W.; Burdick, E.; Stone, P.H.; Lilly, C.M.; Katz, J.T.; Czeisler, C.A.; et al. The critical care safety study: The incidence and nature of adverse events and serious medical errors in intensive care. Crit. Care Med. 2005, 33, 1694–1700. Available online: https://pubmed.ncbi.nlm.nih.gov/16096443/ (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Moyen, E.; Camiré, E.; Stelfox, H.T. Clinical review: Medication errors in critical care. Crit. Care 2008, 12, 208. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2447555/ (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Camiré, E.; Moyen, E.; Stelfox, H.T. Medication errors in critical care: Risk factors, prevention and disclosure. CMAJ 2009, 180, 936–943. Available online: https://pubmed.ncbi.nlm.nih.gov/19398740/ (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Bazan, N.S.; Darweesh, E.A.; El-Sherif, A. Medication errors in Egyptian critically ill patients with renal insufficiency: An assessment of the need for optimizing clinical pharmacy service. Int. J. Pharma. Sci. Res. 2018, 9, 3523–3529. [Google Scholar] [CrossRef]

	



Ain Shams University Faculty of Medicine. Available online: https://en.wikipedia.org/wiki/Ain_Shams_University_Faculty_of_Medicine (accessed on 22 June 2022).

	



ELSEVIER Clinical Decision Support “Clinical Pharmacology”. Access to the Clinical Pharmacology Software Was Provided through the Frederick Douglass Library at the University of Maryland Eastern Shore under Pharmacy/Drug Information Databases. Available online: https://www.clinicalpharmacology.com/ (accessed on 23 June 2022).

	



Conway, J.; Friedman, B. Intravenous magnesium sulfate for acute asthma exacerbations in adults. Acad. Emerg. Med. 2020, 27, 1061–1063. [Google Scholar] [CrossRef]

	



Barnes, P.J. Pulmonary Pharmacology. In Goodman & Gilman’s: The Pharmacological Basis of Therapeutics, 13th ed.; Brunton, L.L., Hilal-Dandan, R., Knollmann, B.C., Eds.; McGraw Hill: New York, NY, USA, 2017; Available online: https://accesspharmacy-mhmedical-com.proxy-es.researchport.umd.edu/content.aspx?bookid=2189&sectionid=172481165 (accessed on 23 July 2022).

	



Kew, K.M.; Kirtchuk, L.; Michell, C.I. Intravenous magnesium sulfate for treating adults with acute asthma in the emergency department. Cochrane Database Syst. Rev. 2014, 5, CD010909. [Google Scholar] [CrossRef]

	



Borthwick, M. The role of the pharmacist in the intensive care unit. J. Intensiv. Care Soc. 2019, 20, 161–164. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). List of Essential Medicine. 2019. Available online: https://apps.who.int/iris/bitstream/handle/10665/325771/WHO-MVP-EMP-IAU-2019.06-eng.pdf (accessed on 23 June 2022).

	



Al Balushi, K.A.; Al-Shibli, S.; Al-Zakwani, I. Drug utilization patterns in emergency department: A retrospective study. J. Basic Clin. Pharm. 2013, 5, 1–6. Available online: https://pubmed.ncbi.nlm.nih.gov/24808681/ (accessed on 23 June 2022). [CrossRef]

	



Patel, M.K.; Barvaliya, M.J.; Patel, T.K.; Tripathi, C.B. Drug utilization pattern in critical care unit in a tertiary care teaching hospital in India. Int. J. Crit. Illn. Inj. Sci. 2013, 3, 250–255. [Google Scholar] [CrossRef]

	



Boucher, B.A.; Kuhl, D.A.; Coffey, B.C.; Fabian, T.C. Drug use in a trauma intensive care unit. Am. J. Hosp. Pharm. 1990, 47, 805–810. Available online: https://pubmed.ncbi.nlm.nih.gov/2321658/ (accessed on 23 June 2022). [CrossRef]

	



Hirsh, J.; Anand, S.S.; Halperin, J.L.; Fuster, V. Guide to anticoagulant therapy: Heparin. Circulation 2001, 103, 2994–3018. Available online: https://www.ahajournals.org/doi/10.1161/01.cir.103.24.2994 (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Lee, M.M.Y.; Sattar, N.; McMurray, J.J.V.; Packard, C.J. Statins in the prevention and treatment of heart failure a review of the evidence. Curr. Atheroscler. Rep. 2019, 21, 41. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6660504/ (accessed on 23 June 2022). [CrossRef]

	



Sadowska, A.M.; Verbraecken, J.; Darquennes, K.; DeBacker, W.A. Role of N-acetylcysteine in management of COPD. Int. J. Chronic Obstr. Pulm. Dis. 2006, 1, 425–434. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707813/ (accessed on 23 June 2022). [CrossRef]

	



Ventresca, G.P.; Cicchetti, V.; Ferrari, V. Acetylcysteine. In Drugs in Bronchial Mucology; Braga, P.C., Allegra, L., Eds.; Raven Press: New York, NY, USA, 1989; pp. 77–102. [Google Scholar]

	



DeBacker, D.; Aldecoa, C.; Njimi, H.; Vincent, J.-L. Dopamine versus norepinephrine in the treatment of septic shock: A metanalysis. Crit. Care Med. 2012, 40, 725–730. Available online: https://pubmed.ncbi.nlm.nih.gov/22036860/ (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Al-Zakwani, I.; Al-Thuhli, M.; Al-Hashim, A.; Al-Balushi, K.A. Drug utilization pattern in an intensive care unit at a tertiary care teaching hospital in Oman. Asian J. Pharm. Clin. Res. 2017, 10, 194–197. [Google Scholar] [CrossRef]

	



Fernández-Galilea, A.; Estella, A.; García-Garmendia, J.L.; Loza, A.; Palacios-García, I.; Sierra-Camerino, R.; Seller, G.; Rodríguez-Delgado, M.; Rodriguez-Higueras, I.; Garnacho-Montero, J. Clindamycin but not Intravenous Immunoglobulins reduces mortality in a retrospective cohort of critically ill patients with bacteremic Group A Streptococcal infections. Rev. Esp. Quimioter. 2022. epub ahead of print. [Google Scholar] [CrossRef]

	



Gawali, U.P.; Khobragade, R.S. Drug utilization and prescription pattern study in medicine intensive care unit at tertiary care teaching hospital. Nat. J. Physiol. Pharm. Pharmacol. 2019, 9, 674–677. [Google Scholar] [CrossRef]

	



Kayambankadzanja, R.K.; Lihaka, M.; Barratt-Due, A.; Kachingwe, M.; Kumwenda, W.; Lester, R.; Bilima, S.; Eriksen, J.; Baker, T. The use of antibiotics in the intensive care unit of a tertiary hospital in Malawi. BMC Infect. Dis. 2020, 20, 776. [Google Scholar] [CrossRef]

	



Vanham, D.; Spinewine, A.; Hanston, P.; Wittehole, X.; Wouters, D.; Sneyers, B. Drug-drug interactions in the intensive care unit: Do they really matter? J. Crit. Care 2017, 38, 97–103. Available online: https://pubmed.ncbi.nlm.nih.gov/27883969/ (accessed on 23 June 2022). [CrossRef]

	



Anand, T.V.; Wallace, B.K.; Chase, H.S. Prevalence of potentially harmful multidrug interactions on medication list of elderly ambulatory patients. BMC Geriatr. 2021, 21, 648. Available online: https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-021-02594-z (accessed on 23 June 2022). [CrossRef]

	



Uijtendaal, E.V.; van Harssel, L.L.; Hugenholtz, G.W.K.; Kuck, E.M.; Zwart-van Rijkom, J.E.F.; Cremer, O.L.; Egberts, T.C.G. Analysis of potential drug-drug interactions in medical intensive care unit patients. Pharmacotherapy 2014, 34, 213–219. Available online: https://pubmed.ncbi.nlm.nih.gov/24390929/ (accessed on 23 June 2022). [CrossRef]

	



Zeuli, J.D.; Wilson, J.W.; Estes, L.L. Effect of combined fluoroquinolone and azole use on QT prolongation in hematology patients. Antimicrob. Agents Chemother. 2013, 57, 1121–1127. Available online: https://pubmed.ncbi.nlm.nih.gov/23229485/ (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Clinical Drug Interaction Studies-Cytochrome P450 Enzyme- and Transporter- Mediated Drug Interactions Guidance for Industry. 2020. Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions (accessed on 24 July 2022).

	



Bakker, T.; Abu-Hanna, A.; Dongelmans, D.A.; Vermeijden, W.J.; Bosman, R.J.; de Lange, D.W.; Klopotowska, J.E.; de Keizer, N.F.; Hendriks, S.; Cate, J.T.; et al. Clinically relevant potential drug-drug interactions in intensive care patients: A large retrospective observational multicenter study. J. Crit. Care 2021, 62, 124–130. Available online: https://pubmed.ncbi.nlm.nih.gov/33352505/ (accessed on 23 June 2022). [CrossRef] [PubMed]

	



Wagh, B.R.; Godbole, D.D.; Deshmukh, S.S.; Iyer, S.; Deshpande, P.R. Identification and assessment of potential drug-drug interactions in intensive care unit patients. Indian J. Crit. Care Med. 2019, 23, 170–174. Available online: https://pubmed.ncbi.nlm.nih.gov/31130787/ (accessed on 23 June 2022).

	



Jaspers, M.W.; Smeulers, M.; Vermeulen, H.; Peute, L.W. Effects of clinical decision-support systems on practitioner performance and patient outcomes: A synthesis of high-quality systematic review findings. J. Am. Med. Inform. Assoc. 2011, 18, 327–334. Available online: https://pubmed.ncbi.nlm.nih.gov/21422100/ (accessed on 23 June 2022). [CrossRef]

	



Bakker, T.; Klopotowska, J.E.; Eslami, S.; de Lange, D.W.; van Marum, R.; van der Sijs, H.; de Jonge, E.; Dongelmans, D.A.; de Keizer, N.F.; Abu-Hanna, A. The effect of ICU-tailored drug-drug interaction alerts on medication prescribing and monitoring: Protocol for a cluster randomized stepped-wedge trial. BMC Med. Inform. Decis. Mak. 2019, 19, 159. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6692933/ (accessed on 23 June 2022). [CrossRef]

	



Preslaski, C.R.; Lat, I.; MacLaren, R.; Posten, J. Pharmacist contribution a members of multidisciplinary ICU team. Chest 2013, 144, 1687–1695. Available online: https://pubmed.ncbi.nlm.nih.gov/24189862/ (accessed on 23 June 2022). [CrossRef] [PubMed]








[image: Pharmacy 10 00096 g001 550] 





Figure 1. Therapeutic categories of ICU medication utilization (% total prescriptions). 
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Figure 2. Percent of patients receiving anti-infective agents. 
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Figure 3. Percent of patients receiving drug agents according to drug categories. 
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Figure 4. Correlation between the number of potential DDIs and the number of prescriptions per patient (trend line). 
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Table 1. Demographics and clinical parameters of ICU patients (n = 94).
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	Characteristic
	





	gender
	



	male
	35 (37.2%)



	female
	59 (62.8%)



	age:
	



	0–20 years
	3 (3.19%)



	21–40 years
	12 (12.8%)



	41–65 years
	45 (47.9%)



	>66 years
	34 (36.2%)



	weight (kg) mean ± SD
	81.5 ± 16.7



	GCS mean ± SD
	9.9 ± 4.4



	creatinine clearance:
	



	0–30 mL/min
	33 (35.2%)



	31–60 mL/min
	29 (30.8%)



	61–90 mL/min
	19 (20.2%)



	>90 mL/min
	13 (13.8%)



	median length of stay (range days)
	7 (1–47)
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Table 2. Top 25 most frequently prescribed medications administered to 94 hospitalized ICU patients.
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	Rank
	Drug Name
	Number of Prescriptions
	% Total Prescriptions





	1
	esomeprazole
	88
	6.5



	2
	clindamycin
	47
	3.5



	3
	magnesium sulfate
	47
	3.5



	4
	insulin
	44
	3.3



	5
	norepinephrine
	43
	3.2



	6
	ceftriaxone
	41
	3.0



	7
	calcium carbonate
	40
	3.0



	8
	enoxaparin
	39
	2.9



	9
	furosemide
	38
	2.8



	10
	paracetamol
	37
	2.7



	11
	atorvastatin
	36
	2.7



	12
	potassium chloride
	35
	2.6



	13
	acetylcysteine
	32
	2.4



	14
	amlodipine
	31
	2.3



	15
	aspirin
	31
	2.3



	16
	carbapenem
	31
	2.3



	17
	methyldopa
	31
	2.3



	18
	heparin
	29
	2.1



	19
	vancomycin
	27
	2.0



	20
	ceftazidime
	26
	1.9



	21
	hydrocortisone
	25
	1.8



	22
	ipratropium
	24
	1.8



	23
	granisetron
	22
	1.6



	24
	alfacalcidol
	21
	1.6



	25
	metronidazole
	20
	1.5
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