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Critical Care delivery in the ICU

• Defining clinical roles and the best practice model

- Multidisciplinary approach to the management of critically ill 
patients may be an important factor in the quality of care 
provided in the ICU. 

- The presence of a team of health professionals from various 
disciplines, working in concert, may improve efficiency, outcome, 
and the cost of care for patients hospitalized in the ICU 

Ref. Crit Care Med. 2001;29(10):2007-2019
3



Critical Care Pharmacist Activities
• Multidisciplinary Critical Care

1. Comprehensive critical care units should be directed by an intensivist, 
as defined by the SCCM, in collaboration with a defined nursing director. 

2. Patient management should be directed by an attending physician 
who is credentialed by the hospital medical staff to provide care to 
critically ill patients. 

3. Critical care attending physicians should be available to provide 
bedside care within 30 mins, and in-hospital ICU physician coverage 
must have sufficient expertise to provide emergency management 
including, but not limited to, airway emergencies. 

4. All nursing care should be provided by critical care trained nurses. 

5. Respiratory therapists with a working knowledge of the principles of 
respiratory failure management should be dedicated to the ICU 24 hrs
per day. 

6. Pharmacy services should be available to provide ICU-dedicated 
pharmaceutical care and consultation.

Ref. Crit Care Med. 2001;29(10):2007-2019 4



Critical Care Pharmacist 

• Position Paper on Critical Care Pharmacy Services

- To identify and describe the scope of practice

- To define the level of clinical practice and specialized skills

- To recommend fundamental, desirable, & optimal pharmacy services

Ref. Crit Care Med. 2000;28:3746-3750      5



Critical Care Pharmacist Activities

• Fundamental Activities

- A pharmacist dedicated to critical care services whose activities are 
vital to the safe provision of pharmaceutical care

● Evaluates patient drug regimens based on the pharmaceutical care 
model and assesses their efficacy  

● Provides nutritional care 

● Prevents and documents ADEs and medication errors 

● Provides written communication of recommendations 

● Monitors pharmacokinetics 

● Provides drug information 

● Educates other healthcare professionals 

● Participates in reports for accrediting agencies, institutional 
committees, and programs 

Ref. intensive Care Med. 2003;29:691-698 6



Critical Care Pharmacist Activities

• Desirable Activities

- In addition to fundamental activities, 

includes more specialized critical care pharmaco-therapeutic services

● Participates in patient care rounds

● Maintains knowledge of primary literature

● Reviews medication history 

● Educates through didactic/experiential teaching

● Aids in preparing protocols and critical care pathways

● Contributes to research and medical writing 

Ref. intensive Care Med. 2003;29:691-698 7



Critical Care Pharmacist Activities

• Optimal Activities

- In addition to fundamental and desirable activities, includes an 
integrated, specialized, and dedicated model of critical care which 
aims to optimize pharmaco-therapeutic outcomes through the highest 
level of teaching, research and pharmacotherapy practices

● Facilitates patient/family discussions about treatment

● Provides accredited educational sessions

● Reports results of his/her independently initiated/collaborated clinical, 
pharmacoeconomic, and outcomes research to the medical community 
through lectures and publications

● Develops post-doctoral training programs

Ref. intensive Care Med. 2003;29:691-698 8



Critical Care Pharmacist Service in Korea

• History of Critical Care Pharmacy in Korea

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월)
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Critical Care Pharmacist Service in Korea

• 중환자실 적정성 평가 도입 (2014.04)

- 지표: 다직종 회진 일수 비율

- 정의: 중환자 전담전문의에 의한

다직종 회진이 이루어지고 있는 일수 비율

* 다직종 회진:  

① 회진팀은 3직종 이상으로 구성: 

전담전문의 및 중환자실 간호사 외 1인(약사, 영양사, 물리치료사) 이상

② 주 2회 이상 회진 시행(주말 및 공휴일 제외): 

전담전문의가 주도되어 회진팀이 함께 회진하여야 하며,  

전담전문의가 있는 Unit은 회진을 모두 시행하여야 함 (관상동맥중환자실 제외) 

③ 회진 일수: Unit이 여러개일 경우, 각 Unit의 회진 일수 평균

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월) 10



Critical Care Pharmacist Service in Korea

• Current Status of Critical Care Pharmacy in Korea

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월)
11



Critical Care Pharmacist Service in Korea

• Cause and types of intervention by pharmacists (MICU)

Ref. Korean J Crit Care Med 2015;30(2):82-88

J Kor Soc Health-Syst Pharm. 2018;35(3):319-330 12



Critical Care Pharmacist Service in Korea

• Cause and types of intervention by pharmacists (SICU)

Ref. J Kor Soc Health-Syst Pharm. 2014;31(4):908-918

J Kor Soc Health-Syst Pharm. 2017;34(4):401-409
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Critical Care Pharmacist Service in Korea

• Common Drug requiring pharmacist's intervention (MICU)

Ref. Korean J Crit Care Med 2015;30(2):82-88

J Kor Soc Health-Syst Pharm. 2018;35(3):319-330
14



Critical Care Pharmacist Service in Korea

• Common Drug requiring pharmacist's intervention (SICU)

Ref. J Kor Soc Health-Syst Pharm. 2014;31(4):908-918
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• Current Status of Critical Care Pharmacy in Korea

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월)

Critical Care Pharmacist Service in Korea
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Critical Care Pharmacist Service in Korea

• Current Status of Critical Care Pharmacy in Korea

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월)
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Critical Care Pharmacist Service in Korea
• Current Status of Critical Care Pharmacy in Korea

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea (조사기간: 2018년 7월~2018년 9월)
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Impact of Critical Care Pharmacists

• ICU pharmacist interventions and clinical outcomes

Ref. intensive Care Med. 2003;29:691-698 19



Impact of Critical Care Pharmacists

• Articles (2015-2016) evaluating critical care pharmacist practices

Ref. Hosp Pharm. 2016;51(7):507-513      20



Impact of Critical Care Pharmacists

• MEs and Preventable ADEs 

between ICU patients with pharmacist interventions or control

Ref. Journal of Critical Care. 2015;30:1101-1106   21



Critical Care Pharmacotherapy research

• Antibiotics

- 내용

22



Critical Care Pharmacotherapy research

• Drug used in Pain, Agitation, and delirium

- 내용

Ref. J Kor Sco Health-Syst Pharm. 2014;31(4):898-907. 

J Kor Sco Health-Syst Pharm. 2018;35(3):268-280. 23



Critical Care Pharmacotherapy research

• PK alteration in critically ill patients – CVVHDF, ECMO

Ref. J Kor Soc Health-Syst Pharm. 2014;31(4):888-897 , PLoS One. 2018;13(6):e0199158

J Kor Sco Health-Syst Pharm. 2014;31(4):898-907. 24



Critical Care Pharmacotherapy research

• Drug Interaction or Adverse Drug Reaction

Ref. J Kor Soc Health-Syst Pharm. 2016;33(2):122-129

J Kor Soc Health-Syst Pharm. 2017;34(4):422-432
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Critical Care Pharmacotherapy research

• Nutrition

26



Critical Care Pharmacist Service in Korea

• History of Critical Care Pharmacy in Korea

- 내용

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월)
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Critical Care Pharmacist Service in Korea

• Current Status of Critical Care Pharmacy in Korea

- The Critical Care Pharmacy Committee (중환자약료분과회) 활동

(병원약학교육연구원 > 병원약학분과협의회 > 중환자약료분과회)

1. 교육: 심화교육(온라인) 및 현장교육(심포지엄) 운영

2. 전문가 네트워크

3. 연구 및 학술활동

* 국내 중환자약료 현황 보고서 발간

* 중환자약료에 대한 의사-약사 업무 중요도 및 만족도 평가 연구 중

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월)
28



Critical Care Pharmacist Service in Korea

• Current Status of Critical Care Pharmacy in Korea

- The Pharmacists certified in critical care pharmacotherapy 

(중환자약료 전문약사) 치료성과 및 환자의 건강개선에 기여하기위해

중환자약료에 통달하고

약물요법에 보다 전문적인 자질과 능력을 갖춘 임상약사

* 중환자약료 전문약사 역량: 중환자에서 약동학적 변화의 이해, Shock과 치료에 대한 이해, 진통/진정
/섬망 치료/근이완제의 이해, Nutrition support/Fluid/electrolyte/acid-base disorders의 이해, 혈역학적
모니터링/인공호흡기/신대체요법 및 체외막산소화 기계의 이해, Physical examination, 각종 수술 및
시술에 대한 이해, 호흡기계/심혈관계/신경계/신장계/위장관 및 간장계/내분비계/혈액계의 병태생리
및 치료의 이해, 감염학/독성학/면역학 등의 이해 등

※ Critical Pharmacy – Board of Pharmacy Specialties 

(BCCCP: Board Certified Critical Care Pharmacists)

Ref. Current Status of Pharmaceutical Care in Intensive Care Units in Korea 

(조사기간: 2018년 7월~2018년 9월) 29



In the era of the 4th industrial revolution

• A computerized Adverse Drug Event Alerting System using clinical rules

Ref. Drug Saf 2011; 34(3): 233-242 30



In the era of the 4th industrial revolution

• Development of a computerized alert system, ADEAS, 

to identify patients at risk for an adverse drug event

Ref. Qual Saf Health Care 2010; 19: e35

Patient drug prescription
Patient characteristic

Drug information 
(drug interaction, etc.)

Patient Laboratory value
=> Regimen Evaluation

Algorithm

31



• Impact of commercial computerize

- 내용

Impact of CPOE & CDSS

CPOE & CDSS 
in ICU

=> ME 85% ↓
ICU mortality 12% ↓

32



• 중간제목

- 내용

Impact of CPOE & CDSS

RR of Medication Errors
0.15(0.03-0.80)

cf. ICU LOS
-0.1(-0.81-0.60)

RR of ICU mortality 
0.88(0.78-0.99)

cf. hospital mortality
1.17(0.53-2.54)

Ref. Journal of the American Medical Informatics Association. 

2017; 24(2): 413-422.33



• Infusion pump → smart infusion pump

- Include Software programs

(dose error reduction systems (DERS) and drug libraries)

* Drug libraries: 

- predefined parameters for drug type, strength, dosing limits of specific drugs

- usually customized for each hospital's practice, tailored for specific care units

* Include Clinical advisories and Alert indications

=> Reduction in errors related to oversight & miscalculated doses

Ref. Drug Saf 2014; 37: 1011-1020

Smart Infusion Pump

34



Ref. J pharm Pract Res. 2011; 41(3): 192-5

Smart Infusion Pump

• Smart infusion pumps reduce 

IV medication administration errors

35



• Examples of potentially fatal errors prevented

Smart Infusion Pump

Ref. Nurs Adm Q. 2015; 29(1): 78-8736



• Impact of Smart Infusion Technology 

on Administration of Anticoagulants

Smart Infusion Pump

Ref. Am J Cardiol. 2007; 99(7): 1002-537



Transition of Care: Discrepancy↑

38

Admission Discharge

Admission Histories
10-67% contain errors1

Up to 1/3 potential 
adverse drug events 
(PADEs)2

Medication orders
30-70% patients had discrepancies
between history and admission orders3

Internal transfer
62% patients had ≥ 1 
unintentional discrepancy
36% PADE4

Discharge orders
41% patients had ≥ 1 
discrepancy
23% omissions5

Readmission 2.3 x more 
likely if ≥ 1 med omitted6

Ref. 1. Tam VC, Knowles SR et al, CMAJ 2005, 2. Cornish PL, Knowles SR, Archives Int Med2005, 
3. NICE NPSA Tech Bulletin medication reconciliation 2007, 4. Lee J et al  Annals Pharmacotherapy 2010,                                                                                

5.Wong J et al Annals Pharmaco 2009, 6. Stowasser, J Pharm Pract Res 2002



Transition of Care => Med Rec

• Medication Reconciliation (Med Rec)

- the standardized process of obtaining 

a patient's best possible medication history and

comparing it to presentation, transfer or discharge medication orders 

to identify and resolve discrepancies 

in the context of the patient's medication management plan

- More than 50% of ME occur at transitions of care

- Formalized MED REC reduces medication discrepancies (errors) 

by 50 – 94% 1-4 

Ref. 1. Qual Saf Health Care 2006;15:122-6. 2. J Crit Care 2003;18:201-5

3. Patient Saf 2006;32:225-9. 4. J Clin Outcomes Manage 2001;8:27-34
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The Role of Critical Care Pharmacist

• Continuously promote qualitative & quantitative development 

in fundamental, desirable, and optimal activities 

to ensure effective & safe medication use 

for the critically ill patients

• As a member of the multidisciplinary team, 

define, recognize, & perform the role of critical care pharmacist, 

which reflect the needs of other medical staff

40
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Thank you !


