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Background: The role of clinical pharmacists in medication therapy to improve clinical and
economic outcomes has been reported in the literature. This study was conducted to analyze
the changes in details of medication interventions before and after the introduction of clinical
pharmacists into the care of neurocritical care unit (NCU) patients, and to evaluate the
economic effects of clinical pharmacists by calculating the avoidance cost.

Methods: A retrospective study was conducted reviewing the electronic medical records from
June 2013 to May 2014 (before), and from June 2016 to May 2017 (after). We calculated the
number and rates of intervention, the acceptance rates of it, and also reviewed the list of
interventions. We calculated avoidance cost if there was no intervention.

Results: The monthly mean number of interventions increased from 8.0 (+£5.7) to 31.7
(¢12.8) (P<0.001) and the frequency of intervention also increased from 0.8% to 1.6%
(P=0.003). The most frequently provided pharmacist intervention was nutritional support
before introduction of clinical pharmacists and discussions on the medication plan after. The
number of classified interventions was 14 before introduction of clinical pharmacist services
and 33 after. The calculated cost avoidance associated with a clinical pharmacists integration
was 77,990,615 won per year.

Conclusion: Introduction of clinicals pharmacist into the NCU was associated with increased
intervention rates and expanded types of clinical interventions. The cost avoidance achieved
by the pharmacists” interventions can be further explored to evaluate if similar expansions of
pharmacists’ services achieve similar results in other settings.
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Table 1. Basic characteristics of the study population

Before group (n=59) After group (n=143) Pvalue
Male 33 (55.9) 89 (62.2) 0.405
Age (years) 61.7 (16.0) 65.2 (16.7) 0.175
Weight (kg) 62.8 (11.4) 68.1(39.6) 0.312
Height (cm) 163.9 (9.7) 163.8 (9.0) 0.906
Admission causes
Infarction 12 (20.3) 39 (27.3) 0.302
Aneurysm 8(13.6) 17 (11.9) 0.743
Brain tumor 7 (11.9) 11(7.7) 0.344
Intracerebral hemorrhage 6(10.2) 13(9.1) 0.811
Subdural hemorrhage 4 (6.8) 1 (7.7) 0.822
Status epilepticus 3(5.1) 5(3.5) 0.599
Encephalitis 3(5.1) 5(3.5) 0.599
Subarachnoid hemorrhage 2 (3.4) 7 (4.9) 0.637
Hydrocephalus 2 (3.4) 2(1.4) 0.356
Moyamoya disease 2 (3.4) 3(2.1) 0.591
Other 10 (16.9) 30 (21.0) 0.513
APACHE Il Score 24.9 (10.0) 25.5 (6.0) 0.695
Length of NCU stay in days 13 (2-351) 12 (2-365) 0.454

APACHE, acute physiology and chronic health evaluation; NCU, neurocritical care unit.
Values are presented as number (%), the mean (standard deviation) for normally distributed variables, or as the median (25th-75th
percentile, interquartile range) for non-normally distributed variables.

Table 2. Changes in medication reconciliation

Before group After group Pvalue
Total number of medication reconciliations, N, 96 380 -
The monthly mean number of medication reconciliations 8.0 (5.7) 31.7 (12.8) <0.001
The rates of medication reconciliation (%) 0.8 1.6 0.003
Acceptance rate (%) 78.1 85.0 0.104

mr, medication reconciliation.

Table 3. Types of medication intervention

Types of medication intervention

Before group (N,,=96)

After group (N,,=380)

Nutritional support

Change of dose

Change of dosage form

Discussion of medication plan
Change of medication plan
Indication error

Probability of adverse drug reaction
Clinical pharmacokinetic consultation

0(41.7) 30(7.9)

0(20.8) 54 (14.2)

4(14.6) 16 (4.2)
9 (9.4) 105 (27.6)
4(4.2) 58 (15.3)
4(4.2) 32 (8.4)
3(3.1) 66 (17.4)
2 (2.1) 19 (5.0)

mr, medication reconciliation.
Values are presented as number (%).

https://doi.org/10.18700/jnc.180064
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Table 4. Changes in drug categories due to medication reconciliation

Drug categories* Before group (N,,=96) After group (N,,=380)
Agents acting on the renin-angiotensin system - 3(0.8)
All other therapeutic products - 2 (0.5)
Analgesics 2(2.1) 7(1.8)
Anesthetics - 3(0.8)
Antianemic preparations - 2 (0.5)
Antibacterials 13 (13.5) 137 (36.1)
Antidiarrheals, intestinal anti-inflammatory/antiinfective agents 1(1.0) 3(0.8)
Antiemetics and antinauseants - 1(0.3)
Antiepileptics 8(8.3) 24 (6.3)
Antihistamines for systemic use - 1(0.3)
Anti-inflammatory and antirheumatic products - 5(1.3)
Antimycobacterials 1(1.0) 5(1.3)
Antimycotics for systemic use - 8(2.1)
Antithrombotic agents 1(1.0) 19 (5.0)
Anxiolytics 5(5.2) -

Beta blocking agents - 1(0.3)
Bile and liver therapy - 5(1.3)
Calcium channel blockers 1(1.0) 4(1.1)
Cardiac therapy 5(5.2) 2 (0.5)
Corticosteroids for systemic use - 9 (2.4)
Cough and cold preparations - 4(1.1)
Digestives, including enzymes - 2 (0.5)
Drugs for acid related disorders 4(4.2) 45 (11.8)
Drugs for constipation - 5(1.3)
Drugs for functional gastrointestinal disorders 1(1.0) 6 (1.6)
Drugs for obstructive airway diseases 1(1.0) -
Drugs used in diabetes 1(1.0) 3(0.8)
Immunosuppressants - 2 (0.5)
Lipid modifying agents - 1(0.3)
Muscle relaxants - 7(1.8)
Ophthlamologicals - 8(2.1)
Pituitary and hypothalamic hormones and analogues 1(1.0) 1(0.3)
Psychoanaleptics - 1(0.3)
Psycholeptics - 5(1.3)
Thyroid therapy - 1(0.3)
Solutions and solution additives 51 (53.1) 48 (12.6)

mr, medication reconciliation.

*Based on the World Health Organization Anatomical Therapeutic Chemical code system’s level 2 pharmacological effects.

R B F 85.0% FAH 0.2 03k oA
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Table 5. Classification of severity of the clinical consequences without pharmacist intervention

Patient outcome Conversion index Definition
Death 1 On balance of probabilities, death was caused or hastened by the incident
Severe 0.6 Patient outcome is symptomatic, requiring life-saving intervention or major surgical/

medical intervention, shortening life expectancy or causing major permanent or long
term harm or loss of function

Moderate 0.4 Patient outcome is symptomatic, requiring intervention (e.g., additional operative
procedure, additional therapeutic treatment), an increased length of stay, or causing
permanent, or long term harm or loss of function

Mild 0.1 Patient outcome is symptomatic, symptoms are mild, loss of function or harm is
minimal; or intermediate, but short term, and no or minimal intervention (e.g., extra
observation, investigation, review or minor treatment) is required

None 0 Patient outcome is asymptomatic or no symptoms detected, and no treatment is

required

Table 6. Cost avoidance by the medication reconciliation program

Severity of the clinical consequences Conversion index Value Cost avoidance*
Death 1 0 (0.0) -

Severe 0.6 12 (4.3) 6,143,681 won
Moderate 0.4 193 (68.9) 65,873,911 won
Mild 0.1 70 (25.0) 5,973,023 won

None 0 5(1.8) -

Total 280" (100.0) 77,990,615 won/year

103,987 won/hour*

NCU, neurocritical care unit; WHO, World Health Organization.
Values are presented as number (%).
*The mean hospitalization cost per 1 day in NCU is 853,289 won.

"Among 380 cases, 280 cases reconciliated by clinical pharmacist in NCU were accepted and could be judged by WHO guideline.
*750 hour/year, the average of working time for NCU patient medication profile was about 3 hours a day during study period.
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