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Agenda
1. Clinical pharmacy services in critical care units
2. Pharmacokinetics in critical ill patients
3. Case presentation
4. Pharmacist-led medication review
5. Take home messages
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Pharmacists involved in critical care?

August 2021

August 2022
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Critical care pharmacists today?

March 2022 September 2020: Society of Critical Care Medicine
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Pharmacy services in critical care units

Welchen Mehrwert bringt ein Apotheker:in? - Random wheel (wordwall.net)

https://wordwall.net/resource/36819637/welchen-mehrwert-bringt-ein-apothekerin
https://wordwall.net/resource/36819637/welchen-mehrwert-bringt-ein-apothekerin
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Clinical pharmacy services in critical care

antimicrobial stewardship
antithrombotic stewardship

medication reconciliation

Independent medication education for ther HCP

Dose individualization/
ADE management

Interdisciplinary ward rounds

Work up of drug standards

Preparing/maintaining prescription templates

clinical nutrition counselling

TDM (safety, efficacy)

opioid stewardship
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Clinical pharmacy services in critical care

Pharm. support in 58 critical care units in Germany



Kanton Zürich
Gesundheitsdirektion
Kantonsapotheke

8

Clinical pharmacy services in critical care
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Status quo

https://www.mentimeter.com/app/presentation/alkjt966u98hz5
4odf2v4k3km1yit5bs/o5wxjses2ma8

Code: 6870 5479

https://www.mentimeter.com/app/presentation/alkjt966u98hz54odf2v4k3km1yit5bs/o5wxjses2ma8/edit
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How confident do you feel?

Code: 1330 2048

https://www.mentimeter.com/app/presentation/alpbt3i84aydpqcr4d2e5ft4xs7m28n9/yxjxn3hu2snr/edit
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Overview of pharmacokinetics
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Overview of pharmacokinetics
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Overview of pharmacokinetics
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Absorption
• gastroparesis
• increased gastric pH
• exocrine pancreatic

dysfunction
• slow GI motility
• impaired mesenteric perfusion
• concomitant use of opioids

Blaser, A., et al. Crit Care (2020). Gastrointestinal dysfunction in the critically ill: a systematic scoping review and 
research agenda proposed by the Section of Metabolism, Endocrinology and Nutrition of the European Society of 
Intensive Care Medicine
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Overview of pharmacokinetics
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• hepatic hypoperfusion
• low activity of CYP-family (CYP3A, CYP2C19) due to systemic

inflammation

Schematic of the hepatic sinusoid. Ehrlich, A., et al. Annual Review of Biomedical 
Engineering (2019). Challenges and Opportunities in the Design of Liver-on-Chip 
Microdevices. Hefner, G., et al. Inflammation and psychotropic drugs: the relationship between

C-reactive protein and antipsychotic drug levels. Psychopharmacology
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Metabolism (II)
Basler cocktail in liver cirrhosis

Metabolic ratio altered of
drugs of high extraction rate

• CYP1A2
Caffeine to Paraxanthine

• CYP2B6
Efavirenz to 8-OH-Efavirenz

• CYP2C9
Flurbiprofen to 4-OH-Flurbiprofen
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Overview of pharmacokinetics
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• vasodilatation
• supportive fluid therapy (resuscitation)
• shift of plasma proteins to interstitial compartment (acidic to basic)
• metabolic pH changes (respiratory, renal, etc.)
• dermal perfusion alterations (ischemia or pyrexia)
• extracorporeal therapy

Wehrmedizinische Relevanz der Extrakorporalen Membranoxygenierung (ECMO) –
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Overview of pharmacokinetics
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• augmented renal clearance
• hypoxemic damage
• hemodialysis (1000-1500 Da, hydrophilic)

Peters, E., et al. A worldwide multicentre evaluation of the influence of deterioration or improvement of acute kidney injury 
on clinical outcome in critically ill patients with and without sepsis at ICU admission: results (2018). Hemodialysis SONOTEC ©
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Patient PB, m, 36 years old, 190 cm, 180 kg BW

Chief complaint/main problem:
Acute promyelocytic leukemia, first diagnosed (FD) 19.08.2022

Past medical history:
- Recurrent thrombophlebitis, FD 05.2022
- COVID-19 infection, FD 06.2022
- Metabolic syndrome: art. hypertension, dyslipidemia
- General anxiety syndrome, episodes of depression, first manifestation 2018

Medication upon entry:
- Xarelto® 20 mg coated tbl 1-0-0-0
- Venlafaxin ER Sandoz® 150 mg cps 1-0-0-0

Allergies/family history/social history: former smoker, 2010
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01.09. Start of curative chemotherapy: ATRA, Arsenic trioxide

according to Lo-Coco scheme

05.09. Endocarditis of the mitral valve
Begin of Gentamycine, Cefepime, Metronidazol i.v.

09.09. Progredient number of promyelocytes
Start cytoreductive therapy: Hydroxycarbamide

11.09. Acute renal insufficiency DD Gentamycine DD tumor lysis syndrome

13.09. Oxygen saturation drop 85% despite oxygen mask 5-6L/min

14.09. Entry critical care unit

15.09. Start continuous renal replacement therapy, invasive ventilation

17.09. Switch from cvvHD to SLED, non-invasive ventilation

22.09. Clinical pharmacy ward round
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Ward round:
Clinical presentation

Cardial:

Pulmonal:

Neurology:

Abdominal:
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Renal:

Hepatic:

Ward round:
Clinical presentation
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Hematology: Electrolytes:

Ward round:
Clinical presentation
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22.09. 21.09. 20.09. 19.09. 18.09. 17.09.
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Group 1+2 - Meropenem:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?

Group 3+4 - Liposomal Amphotericin B:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?

Group 5+6 - Ganciclovir:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?
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Ward round: MAI

Meropenem:
Empiric therapy febrile neutropenia
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Ward round: MAI
Meropenem:
Empiric therapy febrile neutropenia
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Meropenem:
Empiric therapy febrile neutropenia

• MW = 383.5 g/mol
• Vd = 0.25 L/kg
• Q0 = 0.1
• PB = 2%
• Half life = 1 h, 70% after 12 h
• Duration of dialysis = 15 h

Decision: 1 g every 8 h
MIC: unknown
Trough level: 40 mg/L (> 44 mg/L nephrotoxic, > 64 mg/L neurotoxic)
Peak level: 105 mg/L (comparable to 2g Meropenem in non-impaired renal function)
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32Ward round: MAI

Group 1+2 - Meropenem:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?

Group 3+4 - Liposomal Amphotericin B:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?

Group 5+6 - Ganciclovir:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?
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Ward round: MAI

Liposomal Amphotericin B:
Febrile neutropenia C. albicans, C. dubliensis in blood samples
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Ward round: MAI

Liposomales Amphotericin B:
Febrile Neutropenie C. albicans, C. dubliensis

Decision: 0.5 g every 24 h
• No renal elimination
• Dose capping due to morbid weight
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35Ward round: MAI

Group 1+2 - Meropenem:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?

Group 3+4 - Liposomal Amphotericin B:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?

Group 5+6 - Ganciclovir:
Disease? Right Drug? Dose and intervall? Delivery to infection site? Duration?
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Ward round: MAI
Ganciclovir:
CMV-infection in immune suppressed patients or
CMV prophylaxis after heart/lung transplantation
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Family HHV-X Herpesviridae Commentary

Alpha
HHV-1 Herpes-simplex-Virus 1 (HSV-1) Sensitive to acyclovir
HHV-2 Herpes-simplex-Virus 2 (HSV-2) Sensitive to acyclovir
HHV-3 Varizella-Zoster-Virus (VZV) Sensitive to acyclovir, famcyclovir, brivudine

Beta

HHV-5 Cytomegalovirus (CMV) Sensitive to gancyclovir, foscarnet, 
fomivirsene

HHV-6 Human Herpes Virus 6 High level of endemic infection
HHV-7 Human Herpes Virus 7 High level of endemic infection

Gamma
HHV-4 Epstein-Barr-Virus (EBV) Oncogenic properties
HHV-8 Kaposi-Sarkom-Virus (KSHV) Oncogenic properties
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Hepatic encephalopathy

Despite high frquency, pathogenesis still not fully understood

Pharmacological management: Lactulose, Rifaximin
Antibiotic therapy to reduce ammonia producing bacteria and prophylactic

protection from bacterial translocation from guts to peritoneum/blood
stream as part of liver cirrhosis (spontaneous bacterial peritonitis)

Grade Signs of clinical manifestation
I Changes in behaviour, mild confusion, slurred speeach, disordered sleep
II Lethargy, moderate confusion
III Marked confusion, incoherent speech, sleepign but arousable
IV Come, unresponsive to pain

Uptodate © 2022



Kanton Zürich
Gesundheitsdirektion
Kantonsapotheke

39Opportunistic infections
Pneumocystis pneumonia (PCP)

P. jirovecii ubiquitous fungus that specifically infects human lungs in 
immunsuppressed patients

Drug of choice: Trimethoprim-sulfamethoxazole (TMP-SMX)

Example indications for chemoprophylaxis:
• HIV+ and/or CD4 count below 200 cells/mm3
• Hematological neoplasia (prolonged leukopenia)
• Iatrogenic immunsuppression (calcineurin inhibitors)

Radiopaedia ©
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Ward round: MAI
Ganciclovir:
HHV-6 reactivation as part of acute promyelocytic leukemia

• MW = 255.2 g/mol
• Q0 = 0.05
• PB = 1-2%
• Adjusted BW = 120 kg
• Duration of dialysis = 15 h

Decision: 150 mg every 48 h
• 1.25 mg/kg BW
• Leukopenia monitoring
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23.09. Start ganciclovir, continuation meropenem, liposomal amphotericin B

23.09. CMV-PCR negative, HHV-6 positive, Aspergillus antigen positive

25.09. Stool samples C. difficile positive, toxin negative
Deescalation to ceftriaxon, start metronidazol

27.09. Bacterial broad spectrum blood PCR negative; regredient CRP, PCT

28.09. HHV-6 PCR positive but almost no copies per ml

29.09. Clinical pharmacy ward round
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Group 1+2 Group 3+4 Group 5+6

29.09. 28.09. 27.09. 26.09.
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Factors
• Log P value (polarity)
• Molecular weight
• Ionisation
• Carriers/Protein binding
• Metabolic extraction rate
• Route of administration
• PGx, etc.

Felton et al. 2014 Clin Microbiol Rev 27:68–88 
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Tissue
• Brain
• Eye
• Lungs
• Liver, GI-Tract, Pancreas
• Spleen
• Myocard
• Skeletal muscle, skin
• Bone

Body fluids
• Blood/Plasma/Serum
• Liquor
• Alveolar „Epithelial Lining Fluid“
• Pleurisy effusion
• Pericardial effusion
• Ascites
• Biliary system/Bile
• Urine
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Workflow of analysis by integrating MALDI imaging with LC-MS/MS



Kanton Zürich
Gesundheitsdirektion
Kantonsapotheke

46Ratio of penetration

X = human data, O = animal data; Felton et al. 2014 Clin Microbiol Rev 27:68–88 

<0.5x plasma conc.
>0.5x plasma conc.
>5.0x plasma conc.

AmBd =
Amphotericin B

ABLC = lipid complex
Amphotericin B

L-AMB = liposomal
Amphotericin B

5-FC = 5-Fluorouracil
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47Ward round

Group 1+2 Group 3+4 Group 5+6

29.09. 28.09. 27.09. 26.09.

Fluconazol Posaconazol 5-Fluorouracil
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48Course of hospitalisation
30.09. Deterioration of respiratory function

01.10. Rapid weight loss, persistent normocytic anemia

03.10. hemodynamic stabilization, SPONT of breathing

04.10. Rotation to oncologic ward
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How confident do you feel?

Code: ??????

https://www.mentimeter.com/app/presentation/alpbt3i84aydpqcr4d2e5ft4xs7m28n9/yxjxn3hu2snr/edit
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