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Abstract The highly specialized
knowledge and skills needed to care
for critically ill patients requires a
multidisciplinary team approach.
Pharmacists are integral members of
this team. They make valuable con-
tributions to improve clinical, eco-
nomic, and humanistic outcomes of
patients. The purpose of this article
is to review the literature pertaining
to pharmacists’ contributions within
a multidisciplinary intensivist-led in-
tensive care unit (ICU) team. Phar-
macist interventions include correct-
ing/clarifying orders, providing drug
information, suggesting alternative
therapies, identifying drug interac-
tions, and therapeutic drug monitor-

ing. Pharmacist involvement in im-
proving clinical outcomes of critical-
ly ill patients is associated with opti-
mal fluid management and substan-
tial reductions in the rates of adverse
drug events, medication administra-
tion errors, and ventilator-associated
pneumonia. Furthermore, economic
evaluations of clinical pharmacy ser-
vices in the ICU consistently reveal
the potential for considerable cost
savings.
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Introduction

Providing patient care to critically ill patients by a multi-
disciplinary team is an emphasis of the modern day in-
tensive care unit (ICU) because the team approach is in-
valuable [1]. The intensivist-led team reduces unneces-
sary resource use and improves patient outcomes [2, 3, 4,
5, 6, 7]. This paper will review the influence of the phar-
macist as part of the multidisciplinary ICU team and the
effects on patient outcomes.

The responsibility of pharmacists for pharmacothera-
peutic outcomes in the United States has increased over
the years, thus solidifying their role as integral members
of the healthcare team [8]. Traditionally, American phar-
macists focused on drug preparation and distribution;
however, their activities have shifted with the needs of
healthcare and now the emphasis is on assuming respon-
sibility for pharmacotherapeutic outcomes [6, 8, 9, 10,
11, 12, 13, 14, 15]. Advanced pharmaceutical services in

specialty practices of ambulatory care, cardiology, neph-
rology, pediatrics, nutrition, transplantation, and critical
care continue to grow to meet patients’ needs. Critical
care pharmacists further specialize in burn care, cardiol-
ogy, cardiovascular surgery, general surgery, nephrology,
neurosurgery, neonatology, pediatrics, pulmonary medi-
cine, and trauma.

Critical care services are often provided through ICU
pharmacy satellites, whereby drugs are readily available
to the patient and decentralized pharmacists are accessi-
ble to monitor therapy. Progress in developing critical
care pharmacy services and clinical emphasis in phar-
macy education has generated pharmacists who devote
much of their time to providing pharmaceutical care as
members of an intensivist-led multidisciplinary team
[9].

Although pharmaceutical care is applied to many dis-
ciplines, the complexity of drug regimens and disease
states in critically ill patients necessitates additional
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evaluation. The issues in this patient population that re-
quire additional attention are:

– Drug-dosing adjustments for renal and hepatic dys-
function.

– Monitoring and preventing drug interactions and ad-
verse drug events (ADEs) for complex drug regimens.

– Nutritional assessment for changing caloric needs and
lack of oral route of administration.

– Checking compatibilities of the patient’s extensive list
of intravenous medications [16, 17].

– Prevention and treatment of life-threatening infec-
tions.

Several studies have demonstrated the positive impact of
clinical pharmacy services on patient outcomes in non-
ICU settings [6, 18, 19, 20]. Typically, outcomes re-
search evaluates the effects of medical care on individu-
als and society in three areas: clinical, economic, and hu-
manistic which follows the ECHO model [21, 22]. Com-
bined these three components allow clinicians to fully
understand the impact of medical care. Studying out-
comes in the critically ill provides guidance for health-
care professionals to improve the quality of care.

A literature search was performed for 1 January 1966
to 31 October 2002 using the MEDLINE database. The
medical subject headings (MeSH) searched were phar-
macist, pharmacy, critical care, critical illness, intensive
care, and ICU. This search identified 38 articles and only
English-language articles were reviewed to determine
the original studies that evaluated pharmacist interven-
tions on patient outcomes: four were clinical, ten eco-
nomic, and zero humanistic. In addition to the clinical
outcomes studies identified by our search, other relevant
articles are discussed [3, 23, 24]. This paper discusses
the enhancement of outcomes by providing clinical phar-
macy services to the critically ill in North America.

The provision of pharmaceutical services varies
among countries; for example, pharmacists in the United
States (US) have broad clinical roles compared to Israel
hospital pharmacists, and US pharmacists provide more
patient-oriented services but less pharmacist education
services than the United Kingdom [25, 26]. This article
focuses on critical care services provided in North Amer-
ica since this was the location of the identified studies.

Clinical outcomes

Clinical outcomes research measures the consequence of
treatment and disease on the patient by using discrete indi-
cators, such as mortality rates, readmission rates, and
length of stay, all of which can be influenced by the con-
tributions of pharmacists. Clinical outcomes of pharma-
cists’ interventions measured to date include morbidity,
mortality, length of stay, and quality of care [6, 19, 20,

27]. These positive outcomes of clinical pharmacy servic-
es are documented for hospitalized patients but not specif-
ically for ICU patients. However, surrogate clinical end-
points such as fluid management, duration of mechanical
ventilation associated with sedation, achieving therapeutic
serum concentrations, ADEs, medication errors, and rates
of infection have been investigated for the critically ill.

Pharmacists’ familiarity with intravenous (IV) medi-
cations and involvement in providing nutritional support
make them ideal personnel to aid in providing fluid man-
agement [15, 28]. Twenty randomly selected critically
ill, fluid restricted patients consulted for nutritional sup-
port were assigned to two groups, a control group, and a
treatment group [28]. Pharmacists assisted in fluid man-
agement of the treatment group by concentrating IV
medications and adding medications to total parenteral
nutrition when possible. The treatment group had a sig-
nificantly less daily and cumulative fluid balance com-
pared to the control group. Pharmacists’ interventions
for fluid restricted patients aid in fluid management.

Guidelines for pharmacotherapeutic management of
stress ulcer prophylaxis, and sedation have been devel-
oped by pharmacists in cooperation with physicians [7,
29] and the clinical outcomes of the guidelines have
been measured. Sedation guidelines were developed by a
multidisciplinary team and implemented by a critical
care pharmacist [7]. A pre- and post-guideline period
was compared. Changing sedatives in accordance with
the guidelines was recommended by the pharmacist for
12 out of 50 patients in the post-guideline period. The
median weaning time was 16 h for the pre-guideline
group and 18 h for the post-guideline group, which was
not significantly different. Adherence with the guidelines
saved US $ 3,363 in drug costs. Although there did not
appear to be a clinical benefit with regards to weaning
time, there was a savings in drug costs. Two other stud-
ies with pharmacists influencing practice patterns of se-
dation support the pharmacist-coordinated activities re-
sulting in lower drug costs without prolonging mechani-
cal ventilation time [30, 31].

In association with sedation, the complications of
neuromuscular blocker administration are ADEs that
may be prevented by diligent monitoring. Although neu-
romuscular blocking agents are used less commonly,
they are still used [32]. The critical evaluation of neuro-
muscular blocking agents and train of four monitoring by
pharmacists improves neuromuscular recovery time and
spontaneous ventilation [24]. In addition, the cost associ-
ated with these complications of neuromuscular block-
ade is reduced [33, 34].

Another approach to preventing ADEs is monitoring
drugs with narrow therapeutic ranges. A survey of 547
hospitals in the United States indicates that 80.6% of
hospitals provide pharmacokinetic consultations [15]. In-
dividualized pharmacokinetic monitoring results in more
consistent achievement of predetermined acceptable
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ranges and prevention of aminoglycoside-associated
nephrotoxicity [35, 36]. The impact of therapeutic drug
monitoring of intravenous theophylline regimens by
pharmacists in the medical ICU results in 85% of regi-
mens being in the acceptable range [35]. There were sig-
nificantly less blood samples drawn and less ADEs with
the pharmacist-initiated regimens.

In a landmark study, Leape and colleagues [37] mea-
sured the incidence of ADEs before and after pharmacist
participation on medical rounds in the ICU. It was found
that the rate of ADEs decreased by 66%, from 10.4 per
1,000 patient-days in the control period to 3.5 ADEs per
1,000 patient-days with pharmacist interventions. Phar-
macist activities included clarifying/correcting orders,
providing drug information, recommending alternative
therapies, and identifying drug interactions.

The ICU pharmacist’s participation in patient-care
rounds offers similar benefits for reducing medication
administration errors. A recent multicenter evaluation re-
ported a 3.3% incidence of medication administration er-
rors [23], which is less than the 6.6% reported in previ-
ous investigations [38]. One of the major differences be-
tween this study compared with others is the involve-
ment of critical care pharmacists.

The inappropriate use of antibiotics in ICU patients is
associated with a higher mortality; therefore, reducing
misuse could improve the outcomes of these patients

[39]. Critical care pharmacists routinely recommend ap-
propriate antibiotic therapies [40, 41]. In a study by
Kaye et al., the ability of pharmacist involvement to de-
crease the rate of infection was measured indirectly
through the efforts of a multidisciplinary critical care
‘bug’ team [3]. The ICU pharmacist’s contributions were
obtaining and installing a pharmacy computer system
and recommending suitable antibiotic therapies. The
team reduced and stabilized the rate of ventilator-associ-
ated pneumonia within their institution. This study high-
lights the fact that valuable contributions made by phar-
macists are often accomplished through the efforts of a
multidisciplinary team.

In summary, the contributions of critical care pharma-
cists illustrated in Table 1 for improving clinical out-
comes are observed through the reduction of ADEs,
medication errors, and ventilator-associated pneumonia.
These surrogate endpoints are used because of the diffi-
culties associating interventions directly with mortality
and length of stay. Future studies determining the influ-
ence of critical care pharmacists on broader outcomes
need to reduce confounding variables. Defining subsets
of patients, as opposed to general applications to the en-
tire ICU population, and drug-specific endpoints can as-
sist in this task. More studies are needed to demonstrate
the full benefit of pharmacists on a wide variety of clini-
cal outcomes for critically ill patients.
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Table 1 Summary of ICU pharmacist interventions and resulting clinical outcomes. (N/A not available)

Reference Type of ICU Number of Pharmacist interventions Clinical outcomes
interventions

3 Medical-surgical N/A Installing a pharmacy  Reduced rates of ventilator-associated 
computer system and suggesting pneumonia from 40 VAPs/1,000 
antibiotic therapies ventilator days to 12 VAPs/1,000 

ventilator days

7 Medical- surgical 12 out Recommend sedatives Similar median mechanical ventilation
of 50 patients weaning time when compared to control

23 Surgical, medical N/A Routine activities of a clinical 3.3% reduction of medication errors 
or mixed pharmacist compared to other studies

24 Medical N/A Monitoring train of four 85% greater chance of receiving 
and drug dosages neuromuscular function recovery 

and spontaneous ventilation

28 N/A N/A Continuous infusion medications Approximately 5 l decrease 
were concentrated in smaller volumes, in cumulative balances for patients 
medications were added to parenteral that received pharmacist intervention
nutrition when possible compared to those who did not

35 Medical 44 infusion rates Therapeutic drug monitoring 25% reduction in inappropriate 
were changed concentrations

37, 61 Medical 398 Correcting clarifying orders, 66% reduction of ADEs
providing drug information, 
suggesting alternative therapies, 
identifying drug interactions 

VAPs = ventilator associated pneumonias
L = Liter
ADEs = adverse drug events



Economic outcomes

Costs and resource use are higher in ICU patients com-
pared with non-ICU patients [20]. The ICU accounts for
approximately 5% of hospital admissions and 15–20% of
the hospital budget, of which about 14% is attributed to
pharmacy charges, ranking it as the fourth most costly
ICU charge [42, 43, 44, 45]. Costly and highly used drug
therapies should be a target in the reduction of ICU costs
[42]. The ICU is thus an ideal setting to promote cost
savings while optimizing patient care.

In an effort to put into perspective the numerous stud-
ies completed on the economic impact of clinical phar-
macy services, Schumock and colleagues published a re-
view of the literature on this topic [46]. A total of 104 ar-
ticles, published from 1988 to 1995, were appraised. A
positive financial benefit was described in 89% of these
studies. However, most of the studies were not per-
formed in the ICU. The ten economic evaluations of
clinical pharmacy services provided in critically ill pa-

tients are highlighted. The cost data presented are those
reported in the original studies (i.e., they have not been
adjusted to reflect present values).

Economic outcomes are reported in two categories –
namely, cost savings and cost avoidance – although these
terms are often interchanged in the literature. Many stud-
ies calculate cost savings using the acquisition cost of
the original therapy prescribed without intervention sub-
tracting the cost of therapy after the pharmacist’s inter-
vention [44, 47, 48]. One Canadian study that focused on
cost savings found a net saving of Canadian $ 10,010
(US $ 6,230) during pharmacist 54 working days, based
strictly on drug acquisition costs. The most resource-in-
tensive activities were the provision of drug information
and therapeutic consultations. If clinical pharmacy ser-
vices were extended to 7 days per week, there would be
a projected annual cost savings of Canadian $ 67,664
(US $ 42,080) [49].

Cost avoidance is calculated using the cost of the
therapy that would have been incurred prior to an inter-
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Table 2 Summary of pharmacist interventions and resulting economic outcomes

References Type of ICU Number of Pharmacist interventions Economic outcomes
interventions

7 Medical- surgical 12 out Recommend sedative and to follow US $ 3,363 reduction 
of 50 patients sedation guidelines in total sedation drug costs

37, 61 Medical 398 Correcting clarifying orders, providing drug Potential annual cost 
information, suggesting alternative therapies, savings of US $ 270,000
identifying drug interactions

44 Medical- surgical 310 Change in route, frequency, dose, US $ 31,8891 annual 
to another drug, discontinue inappropriate cost  savings
therapy, and adequate therapy

47 Medical 193 Discontinuation of drug, change US $ 25,140 annual savings 
in frequency of doses, decrease in dose, 
change in drug

48 Pediatric 35 per 100 Dosage changes, drug information, US $ 9,135/year 
patient days and miscellaneous information or 0.15 full-time equivalent

based on acquisition cost

49 Medical-Surgical 575 Drug information, order clarification, Canadian $ 67,664 
pharmacokinetic calculations (approximately US $ 42,080)

annual acquisition cost savings

50 Surgical 332 Discontinuation of an adequate course US $ 72,122 annual 
of therapy, duplicate therapy cost savings
or inappropriate drug therapy. 
Change in dosage, route, and frequency 
of drugs

51 Cardiology 91 Increase dosage of drug Approximately US $ 26,623
with proven mortality, drug information, annual cost avoidance
addition of drug that was indicated

63 Medical 345 Discontinuation of drugs, Cost avoidance 
dosage changes – most interventions of US $ 95,972 annually 
involved antimicrobials and the potential for 

US $ 551,563 if extrapolated
to all ICUs in the hospital



vention subtracting the cost of the actual therapy with
the intervention [44, 47]. In a study by Miyagawa and
Rivera, cost avoidance over 13 weeks (332 interven-
tions) was US $ 18,030 based on acquisition costs (al-
though this was reported as cost avoidance, based on the
definition above, it would be considered to represent cost
savings) [50]. Most often these changes in costs were as-
sociated with discontinuation of, or changes in, antimi-
crobial therapy. A similar study by Chuang et al., which
evaluated 310 interventions over a period of 13 weeks,
concluded that comparable interventions contributed to
the majority of the reported cost savings (US $ 79,723)
[44]. Cost savings/avoidance in these two studies dif-
fered greatly even though the study duration and the
types and number of interventions were similar. This
demonstrates the difficulty in assessing costs between
studies. The differences can be explained by the fact that
the study by Miyagawa and Rivera used 1985 US $ to
calculate costs whereas the study by Chuang et al. used
1994 US $, and also that Chuang et al. used cost avoided
plus cost saved to calculate total cost savings.

The cost of providing clinical pharmacy services
should be accounted for in any economic evaluation;
however, only two studies included this component. The
studies subtracted the cost of pharmacy services from the
evaluations and reported a cost avoidance of US $ 2,218
per month [51], and an annual saving of US $ 25,140.
The annual savings were based on a 250-day work year
and assumed the clinical pharmacist devoted approxi-
mately 2 h per day, 5 days per week to providing servic-
es [47]. The cost benefit of a critical care pharmacist var-
ies depending on the type of unit and institution, number
of interventions, number of beds monitored, and the
pharmaceutical services provided at each institution;
however, the presence of a critical care pharmacist con-
sistently demonstrated a significant economic advantage.
Table 2 lists the pharmacist’s interventions and the re-
sulting economic benefit.

More precise studies involving sophisticated cost ac-
counting (direct/indirect costs) are needed. Helpful eco-
nomic evaluations include cost-benefit analyses for deter-
mining which interventions are most valuable and cost-
effectiveness analyses for deciding which approach is
most useful to accomplish the intervention. Performing a
sensitivity analysis would provide estimations on some of
the uncertainties in the economic evaluations. Although
critical care pharmacists improve economic outcomes for
healthcare institutions, further studies are needed to pro-
vide a better understanding of these savings.

Humanistic outcomes

Humanistic outcomes measure the function and overall
well-being of patients using quality-of-life assessment
tools. Quality of life has been studied in the ICU using

different types of scales, including the Nottingham
Health Profile, the Perceived Quality of Life scale, the
Post-Traumatic Stress Syndrome questionnaire, the Eur-
oQol questionnaire, and the Medical Outcome Study
Short Form 36 (SF-36) [52, 53, 54, 55]. The impact of a
pharmacist on health-related quality of life, however, has
been assessed primarily in the ambulatory setting, using
SF-36 [56, 57].

It may be easier to measure the effects of a pharma-
cist in an ambulatory clinic, where the pharmacist is ad-
justing medications for a specific disease-state under the
guidance of a physician, than in the ICU since the well-
being of the patient is influenced by many factors, not
just the actions of the pharmacist. To our knowledge,
there is no published study evaluating the impact of
pharmacist interventions on the quality of life of the crit-
ically ill patient. However, there is literature to support
pharmacist development of sedation/agitation scales that
improves monitoring sedation and, ultimately, the quality
of life [58].

Possibly a more realistic approach to evaluating criti-
cal care pharmacy services on humanistic outcomes
would be to isolate a specific task and measure its bene-
fits on patient well-being. For example, it is known that
sedatives influence the patient’s quality of life [59] and
ICU pharmacists manage sedative medications, therefore
the effects of providing this service could be measured
using a quality-of-sedation tool to gain insight into the
patient’s satisfaction. Understanding the patient’s per-
spective would be useful for improving the level of care.

Justifying critical care pharmacy services

A joint position paper by the American College of Clini-
cal Pharmacy (ACCP) and the Society of Critical Care
Medicine (SCCM) outlined the fundamental, desirable,
and optimal activities of critical care pharmacists (Ta-
ble 3) [16, 17]. The pharmacists’ activities promoted by
these organizations focus on patient safety and optimiza-
tion of the medication-use process. Examples of pharma-
cist involvement include assuring a safe, accurate, and
rapidly responsive drug distribution system for critically
ill patients, the development of multidisciplinary guide-
lines for stress ulcer prophylaxis, sedation, hemoglobin
management, antifungal use, and biotechnological ap-
proaches to sepsis [7, 29]. Research and teaching are im-
portant higher level (more specialized) functions of ICU
pharmacists, and are distinguishing components of the
desirable and optimal levels of critical care pharmacist
services. Presently no data exists regarding improved pa-
tient outcomes/safety of providing daily teaching to
members/staff of the ICU team, nor of the value of phar-
macist-driven research as independent investigators. This
position paper provides the framework for justifying
pharmacy services.
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Table 3 A framework for optimizing the delivery of pharmaceutical care to the critically ill. This table is modified from the
SCCM/ACCP position paper on critical care pharmacy services [16, 17]. (ADEs adverse drug events)

Activity Definitiona Description

Fundamental A pharmacist dedicated to critical care services ● Evaluates patient drug regimens based 
whose activities are vital to the safe provision on the pharmaceutical care model and assesses their efficacy
of pharmaceutical care ● 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

Desirable In addition to fundamental activities, ● Participates in patient care rounds
includes more specialized critical care ● Maintains knowledge of primary literature
pharmacotherapeutic services ● Reviews medication history

● Educates through didactic/experiential teaching
● Aids in preparing protocols and critical care pathways
● Contributes to research and medical writing

Optimal In addition to fundamental and desirable activities, ● Facilitates patient/family discussions about treatment
includes an integrated, specialized, ● Provides accredited educational sessions
and dedicated model of critical care which aims ● Reports results of his/her independently 
to optimize pharmacotherapeutic outcomes initiated/collaborated clinical, pharmacoeconomic, 
through the highest level of teaching, research and outcomes research to the medical community
and pharmacotherapy practices through lectures and publications

● Develops post-doctoral training programs

a It is not expected that these activities are performed on a daily basis to every patient

Conclusion

Critical care pharmacists have positioned themselves as
integral members of the health care team. Their contribu-
tions to improving clinical and economic outcomes are
accomplished independently or through the efforts of an
intensivist-led, multidisciplinary team. Appreciation of
the benefits a critical care pharmacist brings to the pa-
tient, the institution, and healthcare payers should assure
the continuation and expansion of critical care pharma-
cist services. We should continue to document the impor-
tant role of the ICU pharmacist so that accrediting agen-
cies recognize the value of critical care pharmacists and
are more likely to mandate clinical services in addition
to the existing responsibility of providing drug products.
Following the interventions of the critical care pharma-
cist outlined in this article will provide improvement in
patient outcomes as demonstrated through the literature.
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An effective approach to justifying critical care phar-
macists is emphasizing their role in the prevention of
ADEs and medication errors. The incidence of ADEs in
the ICU is reported to be 19 events per 1,000 patient-
days, as compared with 10 events per 1,000 patient-days
in non-ICU patients [60]. Since pharmacists have been
shown to reduce the number of ADEs by 66%, and
ADEs are associated with a high incidence of mortality,
the critical care pharmacist ensures added patient safety
and potential annual cost savings of US $ 270,000 [37,
61].

The addition of a critical care pharmacist must be
marketed as potential cost savings since administrators
are required to cost justify additional personnel [62].
There are at least ten studies discussing the economic
benefit of critical care pharmacists [7, 37, 44, 47, 48, 49,
50, 51, 61, 63]. Critical care pharmacists have the poten-
tial to save between US $ 25,140 and US $ 318,891 an-
nually [44, 47].
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