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Aim

To identify common drug-related problems (DRPs) during pharmacy intervention and consultation in an intensive care unit (ICU); to explore the gap between physicians and pharmacists on their understanding of each other’s capabilities and needs.



Method

We conducted a single-center prospective study in the ICU of a tertiary academic hospital for 21 months. A pharmaceutical care (PC) model was implemented by a pharmacy team, and data were collected during pharmacy intervention and consultation. Data analysis was performed on identified DRPs, causes and their relationships. DRPs’ frequency during intervention and consultation was compared. Problem-level descriptive analysis and network analysis were conducted using R 3.6.3.



Result

Implementation of PC model greatly improved the efficacy of pharmacists in both interventions proposed to solve DRPs (from 13.6 to 20.1 cases per month) and number of patients being closely monitored (from 7.7 to 16.9 per month). Pharmacists identified 427 DRPs during pharmacy intervention with primarily adverse drug events (ADEs, 34.7%) and effect of treatment not optimal (25.5%), and 245 DRPs during consultation (mainly ADEs, 58.4%). About three-fifths DRPs were caused by antibiotics. Comparing DRPs identified during pharmacy intervention and consultation, physicians consulted pharmacists more on questions related to medication safety, while pharmacists also paid attention to treatment effectiveness, which was consulted less commonly.



Conclusion

Implementation of PC model is beneficial in guiding pharmacy practice and improving efficacy especially under limited human resources. Physicians and pharmacists shall continue ensuring drug safety and be familiar with the scope of PC and clinical need for a better cooperation.
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Highlights

What is already known about this subject

	Critical care pharmacists can effectively and efficiently offer specialized recommendations in complex pharmacotherapies.


	Imbalance exists in the development of pharmaceutical care among different specialties and various regions at present.


	A unified standard for ICU pharmaceutical care practice has yet mapped out in China.




What this study adds

	The implementation of an ICU pharmaceutical care model can guide clinical practice and potential enhance the overall efficacy.


	Treatment safety was the most frequent drug-related problems identified during pharmacy intervention and consultation.


	Physicians and pharmacist should gain a better understanding of each other by learning the scope of pharmaceutical care and clinical requirements.






Introduction

Since the publication of the report Harvard Medical Practice study (Brennan et al., 1991; Leape et al., 1991), drug-related problems (DRPs) that might lead to adverse drug events (ADEs) have received extensive attention among the public and health care system worldwide. The observed rate of DRP was about 5.6 per 100 patient admissions, with almost half of DRPs being potentially preventable (Leendertse et al., 2008). DRPs also place a substantial health and economic burden on patients and the health care system, which cost €2.58 to €111 727.08 per medication error (Walsh et al., 2017). Patients admitted to the intensive care unit (ICU) are at higher risk for developing DRPs, from 2.1/1,000 to 804.5/1,000 patients days (Garrouste-Orgeas et al., 2010; Garrouste-Orgeas et al., 2015; Garrouste-Orgeas et al., 2016), primarily cause by their critical diseases status or complications, the use of various high alert medications, and the rapid changing pharmacotherapies (Kari et al., 2018).

Previous studies have shown that critical care pharmacists can play an essential role in promoting the delivery of pharmaceutical care (PC) and improve the overall quality of health care by offering individualized recommendations in complicated drug regimens, reducing the incidence rate of DRPs, and decreasing preventable ADEs (Tasaka et al., 2018; Lee et al., 2019; Reinau et al., 2019). However, the development of PC in the ICU is currently facing three major challenges worldwide. Firstly, only a few guidelines provided recommendations on delivery of PC to critically ill patients. A position paper described fundamental, desirable, and optimal pharmacy services and requirements for relative personnel from a broad perspective (Rudis and Brandl, 2000); however, concrete guidelines with details on high-risk patient identification and therapeutic monitoring are needed to guide pharmacists’ daily practice. Secondly, imbalance exists in the development of PC among different specialties and various regions (Lee et al., 2019). Last but not the least, while the pharmacy profession is widely recognized, and pharmacists have become an essential member of the multidisciplinary team (MDT) (Leape et al., 1999; Zhou et al., 2019), a gap still exists between physicians and pharmacists on their understanding of each other’s capabilities and needs. It forms a virtual barrier, and prevents both sides from forming a deep cooperative relationship, even in areas with developed PC system.

The ICU PC development situation in China is further complicated by the relatively late introduction of the concept and limited human resources. Being first advocated in the United States in 1950s (Anderson, 1992), the concept of PC and clinical pharmacy was not introduced to China until 1990s (Hu et al., 2014). Research in this area is scarce, and only a few studies have been published to discuss DRPs. Moreover, while the United States has 14.9 hospital pharmacists available per 100 hospital beds (Schneider et al., 2019), the number was estimated to be 1.4 to 2.4 in China (Li et al., 2019). Limited human resources made it difficult for pharmacists to provide a comprehensive and daily on-ward participation of MDT. Instead, some clinical pharmacists could only focus on off-ward services, such as therapeutic drug monitoring (TDM), on-call duty for consultations, reevaluation of the prescriptions, and pharmaceutical information service (Wei et al., 2011; Penm et al., 2014b). Thus, a standard pharmacy practice model is needed to promote the development of PC in the ICU setting, and a discussion on the classifications and incidence of DRPs is necessary to guide the future efforts in reducing the incidence of DRPs.

We therefore developed a PC model that was tailored to our surgical intensive care unit (SICU) setting, and conducted a prospective study to explore the following questions: (1) Can this PC model guide pharmacists’ daily practice properly and help pharmacists identify patients in greater need of PC under limited human resource? Would it potentially improve the efficacy of ICU pharmacists? (2) What are the most common DRPs in the ICU and what are the causes? (3) Is there any difference of DRPs identified during pharmacy intervention (offered by pharmacists) and consultation (requested by physicians)? We hope that the answer to this question can help us achieve a better understanding of physicians’ and pharmacists’ needs and capabilities, and provide a new angle for deepening their bilateral cooperative relationship.



Methods


Setting and Study Design

This is a single-center prospective study conducted in the SICU of a 1891-bed class A tertiary academic hospital, located in Beijing, China, with a duration of 21-month from January, 2018 to September, 2019. The SICU had 19 open beds to admit primarily patients within the hospital for perioperative management, caring for 101 patients per month, with average case-mix index of 4.2 and an overall mortality of 3.8%. One patient on the unit had five to six medication existing orders per day including three to four new orders. Three quarters of the patients were from general surgery, urology, gynecology and obstetrics, orthopedic, and neurosurgery departments. This study was approved by the ethical review board of Peking University Health Science Center, and informed consent of participant was exempted (IRB00001052-20014).



Pharmaceutical Care Services Provided in SICU


The Content of SICU Pharmaceutical Care Model

In this study, the pharmacy team used a newly developed PC model to guide pharmacy practice. The pharmacy team was consisted of one leading pharmacist, a master student in clinical pharmacy major, and/or a pharmacist on clinical pharmacy training. The PC model, as shown in Table 1, defined high-risk patient populations and classes that need priority monitoring, with an additional list of pharmacy services that should be provided to ensure medication safety. Critical care guidelines and books (Ministry of Health, 2004; Kellum et al., 2013; Ministry of Health, 2015; Taskforce et al., 2015; Chou et al., 2016; Frontera et al., 2016; McClave et al., 2016; Ye et al., 2016; Rhodes et al., 2017; Borthwick et al., 2018; Liu et al., 2018) were consulted to set up the framework of this model. Then, the pharmacy team finalized patient populations and drug classes that need priority monitoring after reviewing past experience of 1.5 years on the unit and having several rounds of discussion with the physicians (LC, GQG). Additionally, details and key points were added for each patient population, drug class, and pharmacy services listed to guide the pharmacy practice. Two deputy directors of the SICU department (GQG, YM) and one senior pharmacist (LF) were involved to supervise the implementation of the PC model.


Table 1 | Pharmaceutical care model for the surgical intensive care unit.



In the PC model, high-risk patient populations mainly included patients with baseline diseases before surgery (e.g., renal insufficiency), perioperative patients who had acute events (e.g., hemodynamic instability), and the special patient populations (e.g., obesity or pregnancy). Medications that need priority monitoring primarily included commonly used medications in perioperative patients (e.g., parenteral and enteral nutrition, antibiotics), medications that were recently marketed in China (e.g., novel oral anticoagulants) and medications that need therapeutic drug monitoring (e.g., vancomycin). The content of pharmacy services mainly included prescription review, medication safety ensurance, and drug information support.



SICU Pharmaceutical Care Model Implementation

During the study period, the care team used the PC model as a guide to identify patients and medications which need prioritizing pharmaceutical monitoring. For example, if a patient has reduced renal function, the severity and cause of renal dysfunction should be assessed by the PC team. Then, the medication regimen should be reviewed daily and dose adjustment recommendations should be made if needed; close monitoring of the patient’s fluid balance and serum creatinine clearance should also be performed. For patients on antibacterial medications, infection should first be confirmed by verifying patient clinical symptoms, lab values, together with results of imaging and etiological examinations. Moreover, drug regimen should be evaluated for safety and effectiveness.

On a daily basis, the PC team attended shift meeting and rounding in the morning, and spent 2.5 to 3.5 h a day on average at the SICU unit. The pharmacists checked new prescription orders of the patients mentioned in the shift meeting and the team they rounded with, and made face-to-face communications if any change needs to be made. For the rest of the time (4.5–5.5 h a day on average), the care team based at the pharmacy department, and communications were made through phone calls or a social software called WeChat. The care team also attended the weekly case discussion scheduled on every Wednesday. It usually covers one to two complicated patient cases, including dead cases if applicable.




Data Collection and Classification

Data was collected by the leading pharmacist after providing pharmacy interventions and completing consultations. The information collected mainly includes case number, patient gender, description of the DRP, pharmacists’ recommendations, the consultation questions and answers, etc.

During DRP classification, the Pharmaceutical Care Network Europe (PCNE) Classification system was initially chosen for it considered as a validated system for DRP classification in hospital settings (Griese-Mammen et al., 2018; Qu et al., 2019). However, during the pilot study, we found that certain DRPs and their related causes were not included in the system. We therefore added a few columns and used a modified PCNE V9.0 Classification system for DRP analysis after reaching a consensus among all three members participated in this process, see Supplementary Table 1. For example, P3.3 was added for need additional drug therapy monitoring, and C1.8 was added for necessary genetic testing before drug initiation (for drugs such as carbamazepine). The classification system for pharmacy consultations was also created based on the original PCNE V9.0 Classification system using a similar strategy with pharmacy intervention classification.

During DRP classification, as shown in Figure 1, a pilot test was performed and DRPs collected were classified by two researchers (ZSQ, GJH) independently using the modified PCNE V9.0 classification system. A third researcher (LXX) made the final decision if classification results unmatched. The consultation was classified using the same method (see Supplementary Figure 1). In addition, the classification of medication errors (ME) was conducted by three researchers (ZSQ, QYF, LXX) using the National Coordinating Council for Medication Error Reporting and Prevention (NCC-MERP) classification criteria for pharmacy intervention (Brixey et al., 2002).




Figure 1 | The flowchart for drug-related problems classification during pharmacy intervention. A flowchart was used to show the process of DRP classification using modified DRP classification system. Records removed (n = 11) were recommendations related to documentations or non-clinical issues.





Statistical Analysis

Problem-level descriptive analysis was used to characterize the DRPs and relevant causes and interventions. Monthly intervention rate and monthly average number of interventions per patient were calculated. Network analysis was performed to find the potential causes led to specific drug-related problems during pharmacy intervention and consultation separately. Additionally, DRPs identified during pharmacy intervention and consultation were compared in the purpose of discovering similarities and differences of the focus on medication use from the perspective of physicians and pharmacists. Categorical variables were described using frequency counts and percentages, and continuous variables were described using medians with interquartile range (IQR). All the calculation and analysis were conducted using R 3.6.3.




Results


Basic Information and Efficacy Evaluation

During the 21-month study, the pharmacy team performed close monitoring to a total number of 354 patients identified by using SICU PC model. The average age of the patient population was 57 years old (IQR 41, 76) and 56.8% of them were male (n=201). According to the model, these patients need priority monitoring as they had baseline diseases of renal dysfunction (including patients on renal replacement therapy; 19.2%, n=68), reduced heart function or blood pressure instability (11.3%, n=40), coagulopathy (10.5%, n=37), or liver dysfunction (9.3%, n=33); or they used key medications such as antibiotics (61.6%, n=218) and nutritional support therapy (20.6%, n=73), or medications required TDM (20.3%, n=72), etc.

In this period, 427 DRPs were identified, and 486 pharmacy interventions were proposed by pharmacists to solve the problems during priority monitoring; 245 DRPs were identified, and 273 interventions related to drug therapy changes were proposed during consultation. For additional pharmacy services, the team made 93 individualized drug regimen recommendations for TDM patients or based on genetic test results, reported 21 cases of ADR, and provided 14 teaching sessions to the physicians and/or nurses in the SICU.

We compared the pharmacy-related services completed during 2017 (before PC model implementation) and the study period to assess if its implementation could improve the efficacy of PC team in providing patient care services. Under the guidance of the SICU PC model, the number of patients on closely monitoring by the PC team increased from 7.7 to 16.9 per month. The monthly pharmacy interventions made increased from 13.6 to 20.1 cases, while the consultations provided slightly decreased from 13.3 to 12.6 cases (see Supplementary Figures 2 and 3).



Pharmacy Intervention

During the close monitoring of 354 SICU patients, 423 pharmacy intervention records were collected, and pharmacy interventions were suggested for 213 patients (60.2%). A total number of 427 DRPs were identified from 412 records (11 records related to non-medical problems were removed, see Figure 1), and pharmacists proposed 486 interventions to solve the DRPs with an acceptance rate of 97.3%. On average, interventions were made to 12.1 cases per 100 patient cases admitted to the unit; pharmacy interventions were proposed for 34.9% patients who are on priority monitoring, and 0.9 recommendations were made for each patient on the unit per month.


ME Classification

ME classification using NCC-MERP criteria was performed for the 427 DRPs identified during pharmacy intervention. Most of the DRPs were classified as category C (82.2%, n=351), followed by category D (7.5%, n=32) and E (5.6%, n=24), with the latter two causing potential harms or harms to patients. MEs in categories A and B only counted for 4.7% of the total (n=5, 15 respectively).



DRPs and Pharmacy Interventions During Close Patient Monitoring

Data analysis results of DRPs and causes related to all medications and antibiotics were shown in Table 2. Among 427 DRPs identified from all medications, the primary problems were treatment safety and effectiveness (69% in total), including “P2.1 Adverse drug event (possibly) occurring,” “P1.2 Effect of drug treatment not optimal,” and “P3.2 Unnecessary drug-treatment.” Medication classification results indicated that the top 3 medicines leading to DRPs were antibiotics (59.7%), parenteral nutrition (5.8%) and proton pump inhibitors (PPI, 2.7%), see Supplementary Materials (Table 2 and Figure 4) for details.


Table 2 | Number of drug-related problems and causes of all medicines and antibiotics during pharmacy intervention.




During the 21-month study period, a total number of 486 interventions were proposed by pharmacists to solve the DRPs. About four fifths (81.7%) of the interventions were made at drug level, mainly including “I3.5 Drug paused or stopped” (27.4%), “I3.2 Dosage changed” (26.5%) and “I3.1 Drug changed” (15.8%), see Supplementary Figure 5. Less than one fifth (17.9%) interventions (such as ordering labs or genetic tests) were made at prescriber level, of which 98% were proposed to the prescriber. Only 0.4% interventions were proposed at patient level as most of the SICU patients were sedated and not able to communicate.



Causes of Identified DRPs

The analysis of 479 DRP causes of all medications showed “C1 Drug selection” caused the highest proportion of DRPs (41.3%), followed by “C3 Dose selection” and”C4 Treatment duration.” The major sub-category of DRP causes were “C4.2 Duration of treatment too long,” “C3.2 Drug dose too high,” and “C9.1 No or inappropriate outcome monitoring (incl. TDM)” (see Supplementary Figure 6).



Relationship Between DRPs and Causes

The relationship between the DRPs and causes was analyzed and shown in Figure 2. During pharmacy intervention, the main cause leading to adverse drug events (P2.1) was drug dose too high (C3.2, n=58), contraindicated drug regimen (C1.2, n=39), and no or inappropriate outcome monitoring (C9.1, n=16). The main Causes of not optimal drug treatment (P1.2) was drug dose too low (C3.1, n=37) and dosage regimen not frequent enough (C3.3, n=32). Unnecessary drug treatment (P3.2) was mainly caused by drug duration too long (C4.2, n=58). The relationship between the DRPs and causes in antibiotic use was shown in Supplementary Figure 7.




Figure 2 | Relationship between the drug-related problems and causes identified during pharmacy intervention (A) and consultation (B). The size of the circle indicates how many times this DRPs or Cause was identified. An arrow pointing from P (Problems) to C (Causes) means the problem was caused by the corresponding cause and the number on the line indicates the frequency of this causal relationship. The definitions of Px.x (or Px) and Cx.x (or Cx) during pharmacy intervention and consultation were listed in Tables 2 and 3, respectively.






Pharmacy Consultation

During the 21-month study period, 265 pharmacy consultation records were collected, and recommendations related to drug therapy changes were suggested for 131 patients, including nine children and five perinatal women. The mean age of the patient population was 61 (IQR, 42, 74) years old, and 58.1% of patients were males (n = 105). Notably, 29% of the patients had renal dysfunction. Only 243 records were included for DRP classification (22 records on non-clinical issues or from non-SICU departments removed, see Supplementary Figure 1), from which 245 DRPs were identified. A total number of 273 interventions related to drug therapy changes were proposed by pharmacists (consultations provided drug information only were not counted) with an acceptance rate of 99.3%. On average, pharmacists completed 12.6 consultations and proposed 13 interventions related to drug therapy changes per month.


DRPs and Causes Identified During Pharmacy Consultation

Data analysis results of DRPs and causes related to all medications and antibiotics were shown in Table 3. Among 245 DRPs identified during pharmacy consultation, the proportion of “P2 Treatment safety” (58.4%) was significantly higher than others. The major sub-category of DRPs were “P2.1 Adverse drug event (possibly) occurring,” “P1.3 Untreated symptoms or indication,” and “P1.2 Effect of drug treatment not optimal” (see Supplementary Figures 8 and 9). The medication classification results of all DRPs indicated the top 3 medicines being consulted were antibiotics (62.2%, n=153), antifungal drugs (8.53%, n=21), and antiepileptic drugs (3.66%, n=9), see Supplementary Table 3 for details.


Table 3 | Number of drug-related problems and causes of all medicines and antibiotic medicines of pharmacy consultation.



The analysis result of 246 DRP Causes showed “C3 Dose selection” caused the highest proportion of DRPs (59.8%), followed by “C1 Drug selection” and “C7 Drug-related side effects/Drug-induced diseases.”



Relationship Between DRPs and Causes

The relationship between DRPs and causes was analyzed and shown in Figure 2. During pharmacy consultation, the main Cause leading to P2.1 Adverse drug event was “C3 Dose selection” (n=94), followed by “C7 Drug-related diseases” (n=18) and “C1 Drug selection” (n=13), and the main Cause leading to “P1.3 Untreated symptoms or indications” was “C3 Dose selection” (n=20) and “C1 Drug selection” (n=16). For the relationship between DRPs and causes in antibiotic use, see Supplementary Figure 10.




Comparison of (Possible) DRPs Identified During Pharmacy Interventions and Consultations

In this session, four sub-categories of DRPs were compared as they had the same definition in pharmacy intervention and consultation classification. As shown in Figure 3, bubbles above the line indicate that problem appears more frequently during medication consultation than pharmacy intervention. The order of ratio from high to low was 3.02 (P1.3 Untreated symptoms or indication; 16.3%/5.4%), 1.88 (P2.1 Adverse drug event (possibly) occurring; 58.4%/31.1%), 0.48 (P1.1 No effect of drug treatment; 1.6%/3.3%), and 0.35 (P1.2 Effect of drug treatment not optimal; 9%/25.5%).




Figure 3 | Comparison of drug-related problems identified during pharmacy consultation and intervention. A symmetrical bubble chart was used to describe the ratio of the proportion of DRPs identified during pharmacy consultation and intervention. The horizontal axis indicates the proportion of the corresponding Problem in all DRPs identified during pharmacy intervention. The vertical axis indicates the proportion of the corresponding Problem in all DRPs identified during pharmacy consultation. The size of the bubble is proportional to the ratio between y and x axes. The oblique line shown in the figure is a straight line with a slope of 1.



Two bubbles representing untreated symptoms or indications and adverse drug events, respectively, are above the oblique line, which indicates physicians tended to ask pharmacists for help when they had questions in these two areas. The other two bubbles below the line representing drug treatment showing no effect or effect not optimized, which indicates pharmacists tended to solve more DRPs in these two areas than they were asked by physicians. “P3.1 Problem with cost-effectiveness of the treatment” and “P3.2 Unnecessary drug-treatment” were incomparable as they only occurred during pharmacy intervention.




Discussion

This is a pilot study for evaluating a newly developed PC model and identifying DRPs in ICU under a funding support. In fact, it was driven by the actual clinical need of effective and standardized pharmacy services in the ICU setting, and the PC model is now being used in the daily practice of the SICU pharmacists in our hospital. In this prospective study, we showed a dedicated pharmacy team in the SICU could work more efficiently in patients’ monitoring and identifying DRPs and preventable MEs through implementing a PC model. The number of pharmacy interventions proposed on medication orders increased from 13.6 cases monthly to 20.1 cases monthly, and the patients on priority monitoring by the PC team doubled.

The primary results of our study are in line with previous reports. (1) The incidence rates of interventions is 12.1 cases per 100 patient admissions, being similar to the rate of preventable ordering adverse drug events as 14.7 per 100 patients in previous report (Leape et al., 1999). (2) ADE occurring (31.1%) was the most frequently detected DRPs and more than four fifths of DRPs were due to drug selection, dose selection, and treatment duration, being in line with an evaluation of pharmacists’ interventions in a Swiss study (Reinau et al., 2019). (3) Drugs that most frequently caused DRPs during intervention were antibiotics, showing a similar composition but with a higher percentage than that of previous studies (Klopotowska et al., 2010; Johansen et al., 2016; Reinau et al., 2019). (4) More than 97% of advice given by the pharmacist were accepted or taken into consideration, being much higher than previously reported in a mixed Norwegian ICU (87%) (Johansen et al., 2016), but the same as it in a Swiss university hospital (97.8%) (Reinau et al., 2019). Though the priority monitoring was only performed for one-fifths of SICU patients due to limited human resources, the primary results of this study were consistent with other studies covering the total patients. It suggests that the PC model implemented in this study is efficient in identifying high-risk patient population that pharmacists should focus on; and the establishment of such practice models can be beneficial to institutions under limited human resources in identifying high-risk patients and the majority of DRPs.

The PC model was set up on the basis of pharmacy services and requirements in a position paper (Rudis and Brandl, 2000). More importantly, it neatly blended previous experience and hospital characters into local practices. Having the strongest medical teams in surgical areas such as general spine, obstetrics and gynecology, plastic surgery, and general surgery among China, our hospital carries out about 76,000 surgical cases per year with some of them being very difficult and creative (Xu et al., 2016). Thus, SICU is an important platform for perioperative support of high-risk patients. Compared with patients in medicine ICU, SICU patients apply anticoagulants and parenteral nutrition more frequently, and are more likely to develop multiple organ dysfunction syndrome owing to sepsis, trauma, post cardiopulmonary resuscitation, and obstetrics complications, etc. Thus, this PC model, aiming at guiding pharmacists’ daily practice under limited human resources, was designed to cover those populations and their medication therapies. In addition to commonly used medications in SICU, we added certain medications on the key monitoring list of the hospital to ensure their appropriate use, such as traditional Chinese injections. The findings of the study suggested it was an effective PC model in identifying DRPs and improving the efficacy of pharmacy services, which provided lessons for the process of setting up a PC model that concreting guidelines with adjustments and details according to local characteristics.

There are two important findings in this study, and the first one is related to antibiotic use. Similar to previous reports, we found antibiotics was the top medicine-related DRPs during both pharmacy intervention (59.7%) and consultation (62.2%). This can be primarily explained by the high prevalence of infectious diseases in ICU setting (Klopotowska et al., 2010; Johansen et al., 2016; Reinau et al., 2019). Moreover, our study showed a much higher proportion of DRPs caused by antibiotics (comparing with 48.9% in a Swiss ICU (Reinau et al., 2019) and 22% in a mixed Norwegian ICU (Johansen et al., 2016)), which can be explained partly by the current antibiotic management strategies in China. A series of measures were adopted by Chinese government to improve antibiotic use over the past decades (State Council of China, 2009; Van Boeckel et al., 2014), including the establishment of national guidelines (Ministry of Health, 2004; Ministry of Health, 2015), the surveillance networks for antibiotic use and antimicrobial resistance (Ministry of Health, 2005), and a 3-year national level regulatory campaign launched in 2011 (Ma et al., 2016). Following these regulations, an antibiotic administrative group was set up in the studied hospital for antibiotic use monitoring, and they announced the drug utilization and re-evaluation results of antibiotics prescription monthly. As a result, both physicians and pharmacists tended to pay more attention on antibiotic use to avoid or identify DRPs promptly and solved them internally in order to meet hospital regulations and governmental policies.

Additionally, among the total 286 DRPs related to antibiotics during intervention, the most frequent causes were dose selection, inappropriate outcome monitoring and inappropriate drug according to guidelines, indicating the potential areas that pharmacists could contribute in. In practice, clinical pharmacists can fill the gap by working as an integral member in the MDT and offering optimal antimicrobial therapies according to infection sites, pathogens, pharmacokinetics/pharmacodynamics (PK/PD) parameters of antibiotics, and patients’ renal or liver function (Zhou et al., 2016; Wang et al., 2019). In addition to consulting pharmacists on antibiotic selection and dosing, it may also be important to set up more targeted courses to equip ICU physicians with essential knowledge on antibiotic use (Guan et al., 2019; Wushouer et al., 2020).

The second important findings was the difference of identified DRPs between pharmacy interventions and consultations. Through comparison, we found that SICU physicians tended to seek recommendations actively from clinical pharmacists in face of identifying ADRs, choosing a cost-effectiveness treatment, and requiring a dosage regimen when a new therapy initiates. However, under circumstances as selecting a drug for untreated symptoms or indications, optimizing therapy or discontinuing unnecessary treatment, SICU physicians tended to accept recommendations passively from clinical pharmacists.

There were three possible reasons for this. First, with a better understanding of diseases and as a result of experimental teaching, SICU physicians relied more on their accumulated clinical experience instead of updated guidelines that clinical pharmacists attach importance to when evaluating treatment effectiveness. Second, owing to the legal considerations of off label-use (Lenk and Duttge, 2014), and the uncertainty on the applicability and safety of dosage recommendations of international guidelines on local populations (Koga et al., 2012; Kim et al., 2015), SICU physicians were prone to a therapeutic option with approved indications and dosage regimens, even if there was a potential better option. Thirdly, in the selected SICU where most patients were in perioperative period, it is common for the operators to participate in making clinical decisions as consultants or co-attending. ICU physicians might feel pressure when they held different opinions on treatment plans, and unnecessary medication orders could be carried out in this way. These situations bring great opportunities for pharmacists to get involved, communicate with both sides and ensure medication safety (Rudis and Brandl, 2000; Kane et al., 2003; Penm et al., 2014a; Tasaka et al., 2018; Reinau et al., 2019).

At present, pharmacists have been recognized by physicians as an essential member of the MDT, but fully understanding of each other’s skills and needs is still needed. SICU physicians should learn more about pharmacist capabilities in drug selection and regimen design, and pharmacists should continue improving their knowledge on therapeutics and medication safety to support physicians better. Finally, ADE occurring were the most frequent DRPs both in pharmacy intervention and consultation. It suggests that both physicians and pharmacists should continue strengthening a close cooperation in drug safety.

The study has three strengths. To start with, it is the first study to evaluate an ICU PC model in China. We carried out a prospective study and enrolled 354 consecutive SICU patients under the model developed by an experienced pharmacist team. According to the results, it may be generally applied to other ICU departments, especially those under limited human resources. Secondly, three researchers completed the DRP classification to guarantee the accuracy. Two of them took responsibility for the categorization of DRP types and subtypes, and a pilot test was performed to ensure they have the same understanding of the classification system. Thirdly, our study creatively compared the DRPs identified during pharmacy interventions and consultations, and showed the gap between pharmacy services currently being provided and the needs of physicians. The result will not only help physicians better understand the scope of pharmacy service beyond drug safety, but also guide pharmacists during their daily practice by reassuring the clinical needs of physicians.

The study also has two limitations. Firstly, data collection was mostly performed by the leading pharmacist, which may lead to information bias and the possibility of underestimating DRPs incidence. Nevertheless, three researchers participated in the DRP classification to minimize the bias of the study results. Secondly, the original DRP system cannot cover every PC point; we therefore developed a modified DRP system with slight changes to capture the key DRP types and causes.



Conclusions

This study revealed the most common DRPs in the SICU setting of a Chinese comprehensive tertiary hospital during pharmacy interventions and consultations. Our results indicate that the establishment and implementation of an ICU PC mode is beneficial for guiding pharmacy practice and improving efficacy especially when human resource is limited. Additionally, physicians and pharmacists should continue their efforts in ensuring drug safety and get a better understanding of the scope of PC practice and clinical need in order to achieve a deeper cooperation in MDTs and improve the quality of ICU patient care together in the long run.
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Cautously assess the indications, usage and dosage, eatment cousos.of palients on such

medications to ensure approprto use.

nasal foedng needs to estoy he gl Gosage orm et oated b, sustaned s takts,

onto s, ). evekete whethe it 5 approprits and the nesdofrepaosment wih i tabts.

Pay attention 0 the seection of anipiepic drugs and v protecing dngs.

Madication ordor roview
individualized drug dosing regimen based on
therapeutic drug moritoring (TOM) results
dentiy acverse drug reactions

identiy potential drug:rug interactions (0DI)

Pharmacy information

rug selecton (nckuding dugs, d0sage frms, sovents, elc), dosing, and frequency adustmens.
Intarpret the TOM resuts comprenensiely; design or optnize he g regmen accordingy based on
TOM results and othe ciical nomaton.

Analyzo medica ecords and use package st o rdlevant avidence o Kenty tho drg that most
ey 10 cause th reported acverse reacton. Report acherse g reactons. Mk recommendatons
for drug replacement.

ent dnugs wih potental DDI,and mako tenventons inciing avod use, replcament, doso.
adusiment mantoing and remind physioans. Pay extra atenton fo dugs wihthe same adkerse
eactons, CYPASO SUbStateS/nduoors/nbAor, P-gycopeoten pump SubSHates nduosrs BECes, fc.
Provide proper repies 1o the consuts raised by medical staf i a imely manner.
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