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1  | WHAT IS KNOWN AND OBJEC TIVE

A systematic review and meta-analysis revealed that pharmacist 
participation in multidisciplinary treatment teams can improve the 
patient outcomes by reducing mortality rate, the length of stay in 

intensive care units (ICUs), and adverse drug events (ADEs).1 Due 
to severity of illness and major changes in organ function, criti-
cally ill patients have complex and changing pharmacokinetics and 
pharmacodynamics, requiring careful evaluation and drug therapy 
management. Considerable evidence supports the value of having 
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Abstract
What is known and objective: The drug therapy of critically ill patients requires in-
tensive evaluation and management due to their severity of illness. These patients 
often require complex medication regimens. This study analysed the pharmaceuti-
cal care provided by clinical pharmacists (CPs) in a single medical centre in Taiwan. 
In addition, we explored the drug-related problems (DRPs) experienced by patients 
in intensive care units (ICUs) to determine how to improve the quality and safety of 
drug therapy.
Methods: This retrospective study was conducted from February 2019 to January 
2020. The CPs implemented Taiwan's National Health Insurance (NHI) Scheme for 
Improving Hospital Drug Safety and Quality programme to improve the safety and 
quality of drug therapy. The CPs included in the study had at least 2 years’ clinical 
experience and had participated in an ICU team for at least 6 consecutive months. 
They provided individualized drug treatment evaluation and intervention. Content of 
care was documented in the Clinical Pharmacy Service Record.
Results and discussion: A total of 4374 pharmacy care records were evaluated by 12 
CPs. The major category of ICU pharmaceutical care was medication reconciliation 
(n = 2938; 67.2%). Most of the medication interventions were for errors in dosing or 
dosing frequency (n = 218; 55.8%). Patients with renal dysfunction required more 
pharmaceutical interventions than did patients with normal renal function (odds 
ratio = 1.63; 95% confidence interval 1.31-2.01). The main interventions were related 
to antimicrobial agents (n = 386; 81.3%). During the study period, 99.2% of interven-
tions were accepted and 90.8% were changed within 24 hours.
What is new and conclusion: Increased pharmaceutical interventions for patients 
with renal dysfunction compared with patients with normal renal function were ob-
served. Most cases of inappropriate frequency of dosing or dosing of antimicrobial 
agents required intervention.
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clinical pharmacists (CPs) in ICUs during multidisciplinary critical 
care.2-9 In addition, numerous pharmaceutical economics stud-
ies have shown that pharmaceutical intervention can lead to cost 
savings.10-18

Medication is the most common type of treatment in ICUs and 
is often associated with adverse events. Critically ill patients al-
ways receive complex medication regimens. The incidence of pre-
ventable and potential ADEs in ICUs is twice as high as in other 
units. Even after adjustment for order of drug administration, 
the probability of preventable and potential ADEs in ICUs was 
shown by one study to still be greater than that in other units.19 
Compared with patients in general wards, ICU patients were 16, 3, 
and 2 times more likely to experience ADEs related to treatments 
for kidney injury, thrombocytopenia, and emergency ICU admis-
sion, respectively.20

This study evaluated the clinical pharmacy care and drug-related 
problems (DRPs) in the ICU of a single medical centre in Taiwan. We 
identified patients at high risk for DRPs to determine how to improve 
the safety and quality of medication administration.

2  | METHODS

2.1 | Study design and setting

This retrospective study was conducted from February 2019 to 
January 2020 in a medical centre with approximately 250 adult ICU 
beds. The pharmaceutical care records of adult patients (older than 
18 years) were evaluated. The multidisciplinary critical care teams 
included specialist physicians, nurses, CPs, respiratory therapists, 
rehabilitation specialists, social workers, and dieticians. The CPs 
participated in the multidisciplinary critical care and ensured the ra-
tional drug prescription and administration.

The clinical pharmacy care process was as follows: (a) informa-
tion related to patient treatment was accessed from electronic med-
ical records. (b) The CPs assessed ensured the rationality of drug 
prescriptions, evaluated the risk of drug interactions and ADEs, and 
monitored drug efficacy according to doctors’ diagnoses and care 
plans. (c) The CPs participated in multidisciplinary care and proposed 
plans for drug efficacy monitoring. (d) The CPs provided drug consul-
tation services, consisting of the provision of guidance to inpatients 
and medical staff. (e) The CPs made suggestions for the improve-
ment of therapeutic efficacy.

2.2 | CP qualifications

The CPs who executed Taiwan's National Health Insurance Scheme 
for Improving Hospital Drug Safety and Quality had to meet the fol-
lowing qualifications: (a) possession of a pharmacist licence with at 
least 2 years of cumulative clinical experience and (b) participation 
in an ICU team for at least 6 consecutive months, as evidenced by 
critical care or equivalent clinical pharmacy care service records (at 

least 10 per month). After passing the qualification review, the CPs 
provided individualized evaluations of patients’ medical treatments, 
interventions and follow-up.

Intensive pharmacy care fees were calculated by patient day. In 
addition, the direct effects of pharmaceutical interventions on treat-
ment cost were considered. The cost savings for the interventional 
drugs were classified as increase, no difference and reduction.

2.3 | Pharmaceutical interventions

The content of care was documented in the Clinical Pharmacy 
Service Record. Documentation was made in accordance with the 
SOAP (Subjective, Objective, Assessment, and Plan) note, and CP 
decisions were divided into two groups. (a) In the intervention group, 
the CPs gave further recommendations or guidance on medication 
after evaluation. (b) In the non-intervention group, after evaluation, 
the original treatment was maintained, with no further recommen-
dations or guidance offered.

We analysed risk factors related to pharmaceutical interventions 
by CPs and compared the variables between the two groups, includ-
ing age, gender, length of ICU stay, and special groups. Special group 
analysis included elderly patients and patients with renal, liver, or 
combined liver–kidney dysfunction.

2.4 | Statistical analysis

Data collection and statistical analysis were performed using Excel 
2013 and SAS software, Enterprise Guide 5.1 (SAS Institute Inc, 
Cary, NC, USA). The pharmacy care records were supplemented by 
the electronic medical record system. Continuous variables were 
expressed as means and standard deviations (mean ± standard de-
viation). Student's t test was used for continuous variables, and the 
chi-square test or Fisher's exact test was used for categorical vari-
ables for comparison of between-group differences. A two-tailed P 
value < .05 was considered statistically significant.

3  | RESULTS

The pharmacy care records of 4373 patients admitted to ICU be-
tween February 2019 and January 2020 were reviewed (Figure 1). 
The average age was 64.0 ± 16.5 years (18-104 years; Figure 2). Of 
the patients, 2833 (64.8%) were male. The average length of ICU 
stay was 17.0 ± 16.6 days (1-377 days). The special group comprised 
2848 patients (65.1%), including 2,377 (53.4%) older than 65 years, 
1350 (30.9%) with renal dysfunction, 116 (2.7%) with liver dys-
function and 231 (5.3%) with combined liver–kidney dysfunction 
(Table 1).

Over the study period, 12 CPs created a total of 4374 pharmacy 
care records of 391 interventions. A total of 12 036 person days (an 
average of 2.8 person days per record) of intensive pharmacy care 
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fees were applied, classified into four types: 2938 medication rec-
onciliations (67.2%), 928 monitoring recommendations (21.2%), 409 
proactive suggestions (9.4%) and 98 prescription recommendations 
(2.2%).

Patients with longer ICU stays required more pharmaceutical in-
terventions (P < .05). The top five intervention classifications were 
inappropriate drug frequency or dosing (n = 218, 55.8%), discon-
tinuation of drug therapy (n = 65, 16.6%), changes in drug therapy 
(n = 46, 11.8%), indicated drug not prescribed (n = 34, 8.7%) and 
therapeutic drug monitoring (n = 17, 4.3%; Figure 3). During the 

study period, 388 interventions (99.2%) were accepted and 90.8% 
were changed within 24 hours.

The number of pharmaceutical interventions in the special group 
was 1.55 times that in the non-special groups (P = .002, 95% confi-
dence interval [CI] 1.23-1.96). The number of interventions required 
for patients with renal dysfunction was 1.63 times higher than that 
for patients with normal renal function (P < .0001, 95% CI 1.31-
2.01). The classification of the interventional drugs included the 
following: 386 antimicrobial agents (81.3%), 15 anticoagulants/an-
tiplatelet agents (3.2%) and 14 central nervous system agents (2.9%; 
Table 2). Among the antimicrobial agents, glycopeptides (25.8%) and 
carbapenems (20.9%) were most frequently used (Figure 4). With re-
gard to economic effects, 41.9% of cases increased the cost of inter-
ventional drugs, 48.6% reduced the cost, and the rest had no effect. 
In interventions evaluated as immediate cost increases, additional 
medication treatment or increased doses were recommended. Of 
the interventions evaluated as direct cost reductions, 36% were due 
to termination of drug therapy.

4  | DISCUSSION

This retrospective study was conducted to evaluate the effects of 
CP participation in a multidisciplinary ICU team. Pharmaceutical 
interventions refer to a series of actions in which CPs provide pa-
tient-centred care, make recommendations, and prevent or resolve 
DRPs. These interventions differ from CPs’ routine drug review task. 
Before the CPs submit a proposal, they must evaluate a patient's 
overall clinical status; moreover, they must stay abreast of the lat-
est clinical developments. Consequently, participation in such ICU 
teams is more time-consuming and expensive for CPs than is per-
forming than routine drug reviews.

Twelve CPs are responsible for about 300 ICU patients. On av-
erage, each CP has 1-4 wards of responsibility, but he or she could 
only participate in one multidisciplinary round every day. According 
to our regulations, there should be at least one written pharmacy 
record when the patient stays in the ICU. Since the ICU length of 
stay varied, some even as short as a few hours for postoperative 

F I G U R E  1   Flow chart of the patient selection process for 
pharmaceutical intervention by clinical pharmacists

F I G U R E  2   Distribution of pharmacy care records by age 
(n = 4373)

Characteristics
Intervention group 
(n = 391)

No intervention group 
(n = 3982) P-value

Age, mean years ± SD (range) 63.9 ± 17.0 (18-98) 64.0 ± 16.4 (18-104) .9295

Male sex, n (%) 254 (65.0) 2579 (64.8) .9385

Length of ICU stay, mean 
days ± SD (range)

20.0 ± 14.5 (2-107) 17.8 ± 16.8 (1-377) .0061

Special group, n (%) 288 (73.7) 2560 (64.3) .0002

Elder, n (%) 217 (55.5) 2120 (53.2) .3928

Renal dysfunction, n (%) 160 (40.9) 1190 (29.9) <.0001

Liver dysfunction, n (%) 11 (2.8) 105 (2.6) .8359

Combined liver-kidney 
dysfunction, n (%)

21 (5.4) 210 (5.3) .9347

Abbreviations: SD, standard deviation.

TA B L E  1   Characteristics of patients 
in the intervention group and non-
intervention group
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observation, the number of non-intervention records is high and the 
actual ratio of CP intervention is only 8.94%. These interventions 
potentially prevented harm to patients that would have prolonged 
their hospital stay or caused permanent disability or injury.

A systematic review of 38 studies indicated risk factors for DRPs 
requiring CP intervention. These risk factors were as follows: pre-
scription of certain drugs or drug categories; advanced age (older 
than 65 years); being female; renal dysfunction; and liver dysfunc-
tion. The most common DRPs were related to medications such as 
intravenous antimicrobial agents, thrombolytics/anticoagulants, 
cardiovascular drugs, central nervous system drugs. The results of 
our research were similar. This review article found that no study 
discussed risk factors related to the need for pharmacists’ inter-
ventions. This may be due to not having had sufficient evidence to 
support a finding that pharmaceutical interventions were associated 
with reduced ADEs.21

Approximately 30.9% of the patients in our study had renal in-
sufficiency. Such patients often need to receive lower doses of drugs 
than do patients with normal renal function. Patients with risk of 
renal dysfunction were classified into three groups: high risk, hidden 
risk and normal risk. Among patients with hidden risk, prescription 
errors mainly involved incorrect dosage. Antibiotics contributed to 
most DRPs. Drug safety can be improved through more accurate as-
sessment of renal function and prescribing an appropriate dosage 
for renal drug clearance.22

A study stated that errors in drug combination, frequency of ad-
ministration, and dose are the three most common DRPs in ICUs.23 

F I G U R E  3   Distribution of 
pharmaceutical interventions provided by 
clinical pharmacists in intensive care units 
(n = 391)

TA B L E  2   Categories of medications with drug-related problems 
requiring pharmaceutical intervention by the clinical pharmacists in 
intensive care units

Categories Number %

Antimicrobial agents 386 81.3

Anticoagulants/antiplatelet agents 15 3.2

Central nervous system agents 14 2.9

Cardiovascular agents 11 2.3

Electrolytes and agents for caloric/water 
Balance

11 2.3

Gastrointestinal agents 9 1.9

Psycholeptics 4 0.8

Anaesthetics 4 0.8

Corticosteroids 4 0.8

Antihistamines 4 0.8

Miscellaneous medications 13 2.7

F I G U R E  4   Categories of antimicrobial 
agents with drug-related problems 
requiring pharmaceutical intervention by 
clinical pharmacists of intensive care units
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Another study found that the main type of CP intervention is ad-
justing an inappropriate dosage.24 Our results showed that the lead-
ing cause of CP intervention was inappropriate dosing or dosing 
frequency. Establishing the optimal dose regimen for critically ill 
patients is a considerable challenge. Many such patients have unsta-
ble clinical conditions, including kidney and liver failure. Therefore, 
dosage may require frequent adjustment. In these cases, CPs can 
dispense medication-related advice.

The drugs most commonly used in our pharmaceutical interven-
tions were antimicrobial agents. As patients become more ill and re-
quire ICU admission, the proper use of antimicrobial agents is critical. 
The CPs applied the principles of pharmacokinetics and pharmacody-
namics to clinical practice in evaluation of bacterial drug resistance 
in ICU patients and selection of appropriate antimicrobial agents.25 
Following initiation of drug therapy, the CPs assessed possible toxicity 
or side effects. Timely adjustment to dosing was performed on the 
basis of patients’ organ function, especially that of the kidneys.

Among the patients in the intervention group, 40.9% had renal 
dysfunction. They were classified as high risk for DRPs in ICUs. 
Patients with renal dysfunction required considerably more pharma-
ceutical interventions than did patients with normal renal function. 
With regard to age or gender, no difference between the inter-
vention and non-intervention groups was found. The second and 
third most common reasons for pharmaceutical interventions were 
discontinuation of drug therapy and changes in drug therapy. The 
interventions highlighted the importance of medication reconcilia-
tion, which improves treatment safety and simultaneously reduces 
unnecessary drug costs.

5  | WHAT IS NE W AND CONCLUSIONS

The renal function of critically ill patients can deteriorate or improve 
rapidly. Medication use should be recommended on the basis of a pa-
tient's overall clinical status as evaluated by a CP. Patients with renal 
dysfunction required substantially more pharmaceutical interven-
tion than did patients with normal renal function, and in many cases, 
the dosing frequency of antimicrobial agents required adjustment.
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