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PHARMACIST IN THE ICU

Defining Medicines Optimisation in the Intensive

Care Unit

Complex polypharmacy and pathophysiology are common in the intensive care unit (ICU). Medicines optimisation is essential to
deliver safe, effective, and individualised pharmacotherapy. This is ideally performed by a specialised ICU pharmacist.

Introduction

Medicines are the most common intervention in healthcare and
are a central component of the life-saving treatment offered in
the intensive care unit (ICU) (NICE 2015). Safe and effective use
of medicines requires three key elements: (1) a comprehensive
clinical assessment of the patient; (2) knowledge of treatment
options available and supporting evidence base; and (3) the skill
to assess potential benefits of pharmacotherapy against toxicity
and to tailor dosing in accordance with individual patient need.
Without due diligence with respect to these elements, the risk
of treatment failure and unintended harm is great (NICE 2015).
The aim of this short review article is to describe a selection
of the challenges of medicines use in the severely unwell ICU
patient and describe how the skills of clinical pharmacists are
best utilised, within the multidisciplinary team (MDT) to achieve
medicines optimisation.

The ICU Patient

The ICU patient presents with unique pharmacotherapy chal-
lenges. These are broadly categorised under the headings of
(1) medicines selection, (2) medicines administration and (3)
medicines dosing. While there is increasingly more evidence
from studies assessing treatments in critical illness, much of
our existing knowledge of medicines is derived from phase
one studies conducted in healthy adult patients. During critical
illness, the ICU patient will develop altered physiology and organ
dysfunction and receive many concomitant treatments (Hanks
and McKenzie 2016). Furthermore, they present to the ICU with
co-morbidities and polypharmacy. Therefore, research studies

undertaken in healthy adults should be interpreted with caution.
In selecting the optimum medicine, it is crucial to understand
the limitations of the evidence, appraise and synthesise the
pertinent resources and make an informed judgement as to the
expected risks and benefits of treatment. ICU patients are also
much more susceptible to adverse drug events than non-intensive
care patients, further emphasising the importance of medicines
optimisation (Devlin et al. 2010; Kane-Gill et al. 2010).

Medicines Administration

Medicines administration is challenging. The ICU patient is
frequently mechanically ventilated and, therefore, cannot swallow;
their medicines are typically administered intravenously (IV) or
via an enteral feeding tube. The IV route provides rapid treatment
and certainty of absorption. Prolonged use of IV formulations that
contain adjuvants may, however, lead to increased exposure and
toxic effects in some instances (e.g. SBECD with IV voriconazole)
(Kiser et al. 2015). IV opioids and sedatives merit particular
attention due to the risk of toxicity, physical dependence and
iatrogenic withdrawal, which may ensue after as little as 3 to 5
days of treatment (McKenzie et al. 2023). Aside from the atten-
dant toxicity risks, the process of preparing a medicine is also
complex. Several steps are involved, including drug calculations,
reconstitution, dilution and ensuring the concentration and
administration rate are appropriate for the IV access available. In
a UK. study, 10.1% of IV medicine administrations were associ-
ated with error (Sutherland et al. 2010). This provides insight into
the risks of IV medicines and is a stark reminder of the need for
daily medicines review. Medicines are also administered orally
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Medicines optimisation

actions

Medicines reconciliation at
ICU admission

Example

Continuation of long-term
psychotropic medicines and/or eye
drops for glaucoma

Adjusting the dose and
frequency of medicines
administration

Reduction of gabapentin and
pregabalin dosing in kidney failure

Reviewing the continuing
need for medicine if patient
clinical status is altered

Discontinuation of prokinetics after
ileus is resolved

Evaluating route of
administration

Adequate administration of pancreatic
enzymes via the nasogastric route

Assuring appropriateness of
formulations

Assessing sodium content of
injectable medicines

Defining monitoring strategy

Low molecular weight heparin
monitoring with antiXa levels

Detecting and avoiding drug
interactions

Avoiding combination of valproic acid
with meropenem (decreased efficacy
of antiseizure medicines)

Rescheduling administration
times

Reducing overnight medicine
administration in the awake patient

Proposing changes to
pharmacotherapy in
accordance with evidence

Continuous versus intermittent beta-
lactam administration

Switching dosing route

Acetaminophen IV to oral switch
whenever feasible

Therapeutic drug monitoring
(TDM)

Serum level monitoring for
voriconazole.

Table 1. Common examples of actions during medicines optimisation

or via enteral feeding tubes. Challenges in administration via
the enteral route include suitability of formulation, interactions
with enteral feeding and drug absorption/bioavailability (White

2015; Hanks et al. 2022).

Medicines Dosing

Finally, medicines dosing in the ICU is difficult. The ICU patient
has complex pathophysiology; they may be hyperdynamic,
hypotensive, fluid-overloaded and have end-organ dysfunction
or outright failure. Extracorporeal devices may be required for
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Figure 1. Infographic overview of ICU medicines optimisation process
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organ support (e.g. renal replacement therapy, RRT or extra-
corporeal membrane oxygenation, ECMO). All of this impacts
medicine’s absorption, distribution, metabolism and excretion,
collectively known as pharmacokinetics (Hanks et al. 2022).
Medicine or drug action (or pharmacodynamics) is impacted
by reduced drug concentration at the receptor site and altera-
tion in drug-receptor binding (Hanks et al. 2022). This requires
expert consideration of patient, medicine and pathophysiology as
well as awareness of the continually evolving ICU evidence base
(McKenzie et al. 2024). It is beyond the scope of this article to
describe extensively the impact of critical illness on pharmaco-
dynamics and pharmacokinetics, but it is vital in clinical practice
that issues are assessed carefully when deciding medicines dosing.
If not, serum and tissue levels may not reach the desired target
level, posing a risk of treatment failure. This has been described
previously in the landmark beta-lactams study: defining anti-
biotic levels in intensive care patients (DALI-1) (Roberts et al.
2014). Where pharmacotherapy is concerned, a balance must be
reached between maximising efficacy and minimising toxicity
from adverse events (Bosma et al. 2018a). This is a core func-
tion of the specialist ICU pharmacist and is collectively termed
medicines optimisation (McKenzie et al. 2024).

Here we describe the medicines optimisation process, highlight
key references in its evolution and describe, with examples, how
medicines optimisation occurs in ICU practice.

Structure of ICU Medicines Optimisation (Medicines
Review)

In different parts of the world, the term medicines optimisa-
tion is interchangeable with other terms, including medicines
review (Bosma 2019). For this article, we refer to it as medicines
optimisation. Medicines optimisation is defined by the National
Institute of Clinical Excellence (NICE) in NG5 2015 as “a person-
centred approach to safe and effective medicines use, to ensure
people obtain the best possible outcomes from their medicines”
(NICE 2015). This involves performing a structured assessment
to establish the safety and evaluate efficacy of medicines. The
evidence base is applied to guide decisions about the care of
the individual patient while assessing their needs, preferences,
and values (Greenhalgh et al. 2014; Sackett et al. 1996). In ICU
practice, this expert knowledge and skills are applied to interpret
a patient’s clinical presentation, previous medical history, stan-
dard ICU observations (including mean arterial blood pressure,
core temperature and urine output), fluid status and interpre-
tation of standard and patient-specific pathology results, (e.g.
kidney function and liver enzyme status). After the evaluation
of relevant factors, each medicine is then optimised with the
aim of maximising efficacy and minimising the risk of toxic-
ity. Medicines optimisation can occur at any point during the
ICU patient stay. Due diligence is given to optimisation at ICU
admission and discharge. This is known as medicines reconcili-
ation. Evidence shows a higher chance of error with medicines
at ICU admission and/or discharge (Bosma et al. 2018b; Bourne
et al. 2022). Medicines reconciliation also protects the patient
from unintentional (dis)continuation of medication with high
certainty of benefit, e.g. statins (Bell et al. 2011).

Frequency of Medicines Optimisation

Medicines optimisation should be delivered by an ICU specialist
pharmacist, ideally daily, to account for rapidly changing ICU
patient needs individually, although few ICUs have a 7-day clini-
cal pharmacy service (Cheng et al. 2023). In ICUs, where a daily
clinical pharmacy service does not exist, the authors recommend
that ICU pharmacy professionals use a prioritisation tool to
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Medicines Optimisation: Antimicrobial PKPD

Background: 56-year-old male post liver transplant for primary sclerosing cholangitis (PSC). The patient had an intra-
abdominal collection. Blood cultures from the drained fluid grew Enterococcus Faecium, which was resistant to teicoplanin
and vancomycin. Daptomycin 10mg/Kg IV once daily had been prescribed.

Problem: Daptomycin has a volume of distribution (Vd) of 0.1 L/Kg; thus, achieving adequate tissue concentrations at the
target site of infection may be difficult to achieve and risk treatment failure.

Intervention: Multidisciplinary team (MDT) discussion around treatment options. Highlighted the enhanced tissue penetration
with linezolid with a Vd of 0.6 L/kg, which could, in theory, be even higher in this patient because of low albumin level and
decreased protein binding. Although increased total body clearance may mitigate this (Hanks et al. 2022).

Outcome: Daptomycin was switched to linezolid with advice on dosing, treatment course length and monitoring. Therapeutic
drug monitoring (TDM) was recommended as linezolid concentrations greater than 8 mg/L inhibit synthesis of platelet
precursor cells by 50%, and high levels are associated with mitochondrial function. (McKenzie et al. 2021).

Medicines Optimisation: Anticoagulation

Background: A 42-year-old male post urgent mechanical aortic and mitral valve replacements. A major haemorrhage occurred
during surgery that resulted in acute kidney injury (AKI) needing renal replacement therapy (RRT). Anticoagulation for
mechanical valves with heparin infusion was introduced before bridging to warfarin. Platelets began dropping with a positive
test for heparin-induced thrombocytopaenia (HIT).

Problem: Argatroban infusion initiated for HIT while bridging onto warfarin. Argatroban increases the INR in a dose-
dependent fashion. Determining when therapeutic INR is achieved with warfarin while the patient is being bridged with
argatroban infusion is challenging and carries the risk of over- or under-treatment (McKenzie et al. 2021).

Intervention: MDT discussion, including haematology, to agree on the safest and most practical way to ensure adequate
anticoagulation. Highlighted the need to stop argatroban for 4-6 hours and then repeat clotting blood tests to determine
the true INR on warfarin alone. If sub-therapeutic, argatroban is to be restarted and repeated the following day. To continue
warfarin treatment despite inflated INR measurements, which are being caused by the argatroban effect.

Outcome: Therapeutic INR target 2.5-3.5. INR on argatroban plus warfarin with AM blood 4.4. After stopping argatroban
for 6 hours, repeat INR 2.1 - sub-therapeutic. Argatroban restarted, warfarin 5mg administered that evening. True INR the
following day was 2.5; therefore, argatroban stopped, and warfarin monotherapy continued.

Medicines Optimisation: Sedation

Background: A 56-year-old male ICU admission post
thoracic surgery. Past medical history included chronic
obstructive pulmonary disease and anxiety, with known
alcohol dependency but no consumption in the last six months.
Medication history included sertraline and propranolol.
Surgery was successful on the post-op pathway with significant
pain and agitation.

Problem: Patient intubated for agitation in ICU- sedated with
propofol and fentanyl infusions. Two failed extubation due
to agitation and respiratory failure; therefore, tracheostomy
inserted. Patient was on multiple sedatives, opioids and other
psychotropic medicine agents, including propofol, fentanyl,
dexmedetomidine, olanzapine, melatonin and lorazepam.

Intervention: MDT discussion to develop strategy to safely
wean sedative agents. Interventions included ensuring
adequate pain relief with slow weaning of opioid infusions onto
enteral formulations, weaning and stopping benzodiazepines
known to exacerbate delirium, bridging dexmedetomidine
infusion onto enteral clonidine to continue slow weaning
(Pandharipande et al. 2006). MDT decisions were led by
an ICU specialist pharmacist with an agreed daily plan and
clearly documented, including target sedation score, stepwise
approach to weaning, consideration of non-pharmacological
interventions such as reorientation, communication boards,
music and family engagement.

Outcome: Following the pharmacist plan over 10 days
following tracheostomy insertion, multiple sedative agents
were successfully weaned while patient's agitation and
delirium began to resolve. At day 10 post-tracheostomy,
patient remained on clonidine 50mcg twice daily, oxycodone
5mg four times daily and melatonin 6mg at night; he did
not have delirium (CAM-ICU negative) and was engaging
with physiotherapy and other rehabilitation.
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focus on patients with more complex medicines, e.g. Medication
Related Complexity (MRC)-ICU (Sikora et al. 2022). Moreover,
in this field of increasing complexity, the development of techni-
cal support through clinical decision support systems (CDSSs)
is warranted since it supports the ICU specialist pharmacist and
the MDT in medicines optimisation, e.g., in preventing admin-
istering high-risk medication combinations (Bakker et al. 2024).

Additional facets of medicines optimisation include explor-
ing methods to deliver pharmacotherapy more effectively (e.g.,
multimodal analgesia) and supporting nursing colleagues’
workload by changing medicines administration (Devlin et al.
2018; Pearce and McKenzie 2023).

Landmark Publications

The introduction of the ICU specialist pharmacist typically
begins with a focus on cost-saving and error reductions. The U.S,,
Australia and the UK., amongst others, began this development
more than 30 years ago (Dasta 1996; McKenzie 1996). In Europe,
ICU specialist pharmacy is still very much in its infancy (Bosma
etal. 2018a). Yet, in the ICU, there are the same challenges with
the increasing complexity of polypharmacy and pathophysiology
of the ICU patient.

By the early 2000s, the focus of the ICU specialist pharma-
cist had evolved from mainly reactive (i.e. reducing error after
prescription) into a more proactive involvement in patient care,
where medicines were ‘optimised’ In some countries (e.g. the
U.K.), this resulted in much of the prescribing being delivered
by specialist ICU pharmacists, as well as medical doctors, under
the leadership of a consultant intensivist (Bourne et al. 2016).

In 2015, the PROTECTED-UK (Pharmacist’s Review and
Outcomes: Treatment-Enhancing Contributions Tallied, Evalu-
ated, and Documented) study was conducted in over 21 ICUs

in the UK. and published (Shulman et al. 2015). In this study,
the investigators proposed definitions for clinical pharmacy
activities as (1) medication error, (2) optimisation, or (3) consult.
A medication error was defined as an error in the process of
prescribing, dispensing, preparing, administering, monitoring,
or providing medicine advice, regardless of whether harm has
occurred. Optimisation was defined as a proactive contribution
that sought to enhance patient care. A consult was defined as a
reactive intervention in response to a request from a member of
the MDT for an ICU specialist pharmacist review.

In PROTECTED-UK, the total number of interventions
reported (over 2 weeks was 3294, 1693 (51.4%) were optimisa-
tions, 1393 (42.3%) were errors, and 208 (6.3%) were consults.
Almost three-quarters of these (73.8%) were maximising efficacy
and safety (Shulman et al. 2015).

In terms of time spent in ICU, specialist pharmacists spent 3.5
h per day (mean, +SD 1.7) on direct patient care, reviewed 10.3
patients per day (£SD 4.2) and required 22.5 min (+SD 9.5) per
review (Rudall et al. 2017). Intervention rate had a moderate
inverse correlation with pharmacist time in the ICU (P = 0.05; r =
0.4). Optimisation rate had a strong inverse association with total
number of prescriptions reviewed per day (p =0.001;r=0.7). A
consultant C.P. had a moderate inverse correlation with number
of errors identified (p = 0.008; r = 0.6) (Rudall et al. 2017). In
2023 (Cheng et al. 2023) reported pharmacist intervention over
Saturdays and Sundays. Interestingly, out of 346 interventions, 166
(48.0%) were optimisations, 132 (38.2%) errors, and 36 (10.4%)
consults. In terms of the overall patient benefit of pharmacist
presence in ICU, conducting mainly medicines optimisations,
Lee and colleagues reported an analysis of 13 observational and
one randomised controlled trial that the inclusion of an ICU
pharmacist in an ICU MDT was associated with lower mortality
(odds ratio (OR), 0.78; 95% confidence interval (CI) 0.73-0.83)
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and reduced ICU length of stay (median reduction of 1.33 day;
95% CI —1.75 to —0.90) (Lee et al. 2019). This effect remained
significant (OR, 0.79; 95% CI 0.64-0.97) after removing the
largest non-randomised trial.

Conclusion

In ICU, polypharmacy is common. ICU patients are prescribed
between 20 to 30 medicines per day. Some are essential for long-
term co-morbidities encountered frequently in ICU, including type
2 diabetes and cardiovascular diseases. Others are essential ICU
lifesaving therapy, e.g. vasopressors and antimicrobials. Adverse
effects and drug interactions are common. Optimisation of these
complex regimes is essential to protect our patients when they
are severely unwell and to enhance their outcome.

Therefore, medicines optimisation performed by a specialist
ICU pharmacist, ideally daily, is essential for optimum ICU clini-
cal practice. In this article, we have described an outline of the
medicines optimisation process, highlighted key references in its
evolution and described, with several examples, how medicines
optimisation occurs in ICU clinical practice.

ICU pharmacy professionals (specialist pharmacists and phar-
macy technicians) provide patient care by focusing on medicines.
They play a continuous and crucial role in medicines optimisation
by ensuring the effective use of medicines through interactions
with medical colleagues, nurses, allied health professionals,
patients, and family members.
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