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Background and Objectives: A  critically ill patient is treated and reviewed by 
physicians from different specialties; hence, polypharmacy is a very common. This study 
was conducted to assess the impact and effectiveness of having a clinical pharmacist in an 
Indian Intensive Care Unit (ICU). It also evaluates the clinical pharmacist interventions 
with a focus on optimizing the quality of pharmacotherapy and patient safety. 
Materials and Methods: The prospective, observational study was carried out in medical 
and surgical/trauma ICU over a period of 1 year. All detected drug‑related problems 
and interventions were categorized based on the Pharmaceutical Care Network Europe 
system. Results: During the study period, average monthly census of 1032 patients got 
treated in the ICUs. A total of 986 pharmaceutical interventions due to drug‑related 
problems were documented, whereof medication errors accounted for 42.6% (n = 420), 
drug of choice problem 15.4% (n = 152), drug‑drug interactions were 15.1% (n = 149), 
Y‑site drug incompatibility was 13.7% (n = 135), drug dosing problems were 4.8% (n = 47), 
drug duplications reported were 4.6% (n = 45), and adverse drug reactions documented 
were 3.8% (n = 38). Drug dosing adjustment done by the clinical pharmacist included 
140 (11.9%) renal dose, 62 (5.2%) hepatic dose, 17 (1.4%) pediatric dose, and 104 (8.8%) 
insulin dosing modifications. A total of 577 drug and poison information queries were 
answered by the clinical pharmacist. Conclusion: Clinical pharmacist as a part of 
multidisciplinary team in our study was associated with a substantially lower rate of adverse 
drug event caused by medication errors, drug interactions, and drug incompatibilities.
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Introduction
Medication management plays a crucial part in 

managing a critically ill patient. When it comes to 
drug therapy, intensivists have plenty of decision 
making every day including drug selection, dosing, 
administration, and monitoring strategies to optimize 
effective pharmacotherapy. Even though the patient 
receives appropriate drug, a suboptimal dose or 
overdosing may result in either therapeutic failure 

or drug toxicity.[1] The concept of having a clinical 
pharmacist in an intensivist‑led multidisciplinary team 
evolved in the early 1980s in USA.[2]

Plenty of studies revealed critical care pharmacist 
involved in a multi‑professional healthcare team had 
constructive impact on the outcome of critically ill 
patients. In the modern day Intensive Care Unit (ICU), 
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the skills of a clinical pharmacist are characterized 
as a responsible caregiver, educator, researcher, and 
manager.[3] Critical care pharmacist addresses adverse 
drug events (ADEs) caused due to drug‑related problems 
and medication errors. It improves the appropriateness, 
quality of prescribing and increases patient safety. Many 
prospective, controlled trials reveal significantly lower 
rates of ADEs and lesser days of hospitalization when 
a clinical pharmacist is integrated into an intensive care 
healthcare team.[4,5] A study demonstrated reduction 
in rate of prescribing errors and preventable ADEs by 
66% from 10.4 to 3.5 per 1000 patient days after clinical 
pharmacist intervention.[6]

This study was conducted to assess the impact and 
effectiveness of having a clinical pharmacist in an ICU. 
This study aims to evaluate the clinical pharmacist 
interventions with a focus on optimizing the quality of 
pharmacotherapy and patient safety. Even though the 
contribution of critical care pharmacist to improve the 
quality of patient care is accepted worldwide, many ICUs 
have not recognized this important reserve. This paper 
may be used to educate other healthcare professionals 
and administrators on impact of clinical pharmacist in 
the care of critically ill patients.

Materials and Methods
The prospective, observational study was carried 

out in the medical, surgical/trauma ICU and a high 
dependency unit at a 750‑bedded tertiary care hospital. 
The ICUs in the study were under the supervision of a 
clinical pharmacist exclusively for the critical care areas. 
The study was carried over a period of 1  year from 
January 1, 2013, to December 31, 2013. The ICUs included 
in the study together consist of 41 beds. All detected 
drug‑related problems (DRPs) and interventions were 
categorized based on the Pharmaceutical Care Network 
Europe (PCNE) system with minor changes according 
to the applicability in the hospital setting.[7‑9]

Critical care clinical pharmacy services in our hospital 
include active participation in physician rounds and 
review of treatment chart for appropriate indications, 
drug dosing, dosage form, drug duplication, drug 
interactions, and drug allergies. Critical care pharmacist 
plays an important role in identifying, reporting, 
investigating, and preventing all types of medication 
errors and adverse drug reactions  (ADRs). Other 
interventions include correction and clarification of 
physician orders, providing drug and poison information, 
and recommending an alternative therapy. Clinical 
pharmacist adjusts dose of drugs in pediatric, geriatric, 
renal, and hepatic failure patients. Pharmacist also 

involved in optimizing antibiotic usage based on patient 
characteristics, site of infection, pharmacokinetics, dose 
adjustment, and de‑escalation. Glycemic control in the 
ICU is under the surveillance of the clinical pharmacist. 
Clinical pharmacist also contributes in continuing 
education activities through teaching programs for 
doctors and nurses. This increases direct patient care 
practice abilities, creates awareness among intensive 
care team, and prevents medication errors.

Data collection was done by the clinical pharmacist 
on a daily basis and discussed with the ICU chief at 
the monthly meeting. Data analysis and results were 
presented as percentage and numerically coded for 
the ease of descriptive statistics using SPSS software 
version 20.0 by SPSS Inc., Chicago, IL, USA

Results
During the study period, average monthly census of 

1032  patients got treated in all three ICUs. A  total of 
986 pharmaceutical interventions due to drug‑related 
problems were documented, of which medication errors 
accounted for 42.6% (n = 420) followed by 152 (15.4%) 
drug of choice problem. Manifested or potential 
drug‑drug interactions were 149  (15.1%) followed 
by 135  (13.7%) Y‑site drug incompatibility, 47  (4.8%) 
drug dosing problem, 45 (4.6%) drug duplication, and 
38  (3.8%) ADRs. An average of 0.08 interventions per 
patient took place during the study period.

All the 986 drug‑related problems detected by the 
clinical pharmacist were categorized based on the PCNE 
classification and percentage calculated. In Table  1, 
29  (2.9%) of the ADRs identified were mainly due to 
antibiotics which included hypersensitivity reactions, 
thrombocytopenia, and interstitial nephritis while the 
other drugs were responsible for electrolyte imbalance, 
hyperthermia, and nephrotoxicity. Thirty (3%) serious 
and 17 (1.7%) significant drug‑drug interactions required 
clinical pharmacist intervention; for which either the 
offending drug was stopped, dose was reduced, or an 
alternative drug was prescribed. Remaining 102 (10.4%) 
serious and significant drug‑drug interactions were 
closely monitored for any potential manifestation. A total 
of 135 Y‑site drug incompatibilities were detected, of 
which 8 (0.8%) were visible incompatibilities [Figure 1].

The next most commonly addressed problems 
were related to drug of choice. Seventy‑eight  (8%) 
observations in this group to study were due to 
inappropriate drug or dosage form followed by drug 
use without clear indication and contraindication of the 
drug. Drug duplication (drugs of same therapeutic group 
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or with same active ingredient) identified by the clinical 
pharmacist was common with anti-hypertensives and 
proton pump inhibitors. Drug dosing problems were 
next on the list with 35  (3.6%) problems due to drug 
dose too low or too high and 12 (1.2%) problems due 
to shorter or longer duration of treatment. In Table 1, 
42.6% drug‑related problems in our study accounted 
for medication errors. All medication errors were 
categorized based on the PCNE classification and were 
within the benchmarks.

In Table  2, clinical pharmacist interventions for 
drug‑related problems were categorized based on 
the PCNE classification. A  total of 1182 interventions 
were made by the clinical pharmacist for drug‑related 
problems. Most of the interventions took place at the 
drug level which was propositions for modification in 

therapy. Drug dosing adjustments done by the clinical 
pharmacist included 140 (11.9%) renal dose adjustment, 
62  (5.2%) hepatic dose adjustment, and 17  (1.4%) 
pediatric dose adjustment. Glycemic control in the ICU 
was also under the supervision of the clinical pharmacist 
which included 104 (8.8%) insulin dosing modifications. 
Remaining interventions at drug level included 64 (5.4%) 
drug stopped or new drug started, 34 (2.9%) instruction 
for drug use changed, and 28  (2.4%) drug changed 
and alternatively used. Interventions at the prescriber 
level comprised prescriber seeking clarification or drug 
information which was 10.4% (n = 120), and information 
given to prescriber without seeking clarification 
was 6.3%  (n  =  75). A  total of 1182 propositions from 
clinical pharmacist intervention were suggested to the 
prescriber. About 94.8% (n = 1121) was the acceptance 
rate for the propositions put forward to the clinician and 
remaining 5.2% (n = 61) were rejected.

In Table 3, a total of 577 clinical pharmacists answered 
drug and poison information queries were listed. 
Majority of the drug information queries regarded 
drug dosing, indication, and guidelines, which was 
34.1%  (n  =  197). Other queries were regarding ADR, 
pharmacokinetics, and pharmacodynamics. Poison 
queries included 47 (8.1%) toxicokinetics, followed by 
management of poisoning and identification of the 
poison content.

Discussion
A critically ill patient is reviewed and treated 

by physicians from different specialties; hence, 
polypharmacy is a very common practice in this setting. 
We presume that medication errors include most 
commonly transcribing and administration errors which 
occur at the level of nurses. Indeed, prescribing errors 
and errors in drug application which occur at the level of 
the prescriber is often neglected. It is important to have 

Table 1: Clinical pharmacist detected drug‑ related problems

Primary 
domain

Detailed classification n (percentage 
of 986)

Adverse drug 
reactions

Antibiotics 29 (2.9)
Others 9 (0.9)
Total 38 (3.8)

Drug interactions Serious drug - drug interactions
Intervention required 30 (3)
Monitoring required 47 (4.8)

Significant drug - drug interactions
Intervention required 17 (1.7)
Monitoring required 55 (5.6)

Total 149 (15.1)
Y-site drug 
incompatibility

Y-site drug incompatibility (not visible) 127 (12.9)
Visible Y-site drug incompatibility 8 (0.8)
Total 135 (13.7)

Drug of choice 
problem

Inappropriate drug 13 (1.4)
Inappropriate dosage form 65 (6.6)
Contraindication for drug 22 (2.2)
No clear indication of drug use 45 (4.5)
No drug prescribed but clear indication 7 (0.7)
Total 152 (15.4)

Drug duplication Proton pump inhibitors 9 (0.9)
Antihypertensives 13 (1.4)
Nebulization drugs 6 (0.6)
Statins 4 (0.4)
Antibiotics 5 (0.5)
Other drugs 8 (0.8)
Total 45 (4.6)

Drug dosing 
problem

Drug dose too low 16 (1.7)
Drug dose too high or dosage regimen 
too frequent

19 (1.9)

Duration of treatment too short 3 (0.3)
Duration of treatment too long 9 (0.9)
Total 47 (4.8)

Medication 
errors

Improper drug indenting 8 (0.8)
Improper dilution technique 21 (2.1)
Improper administration technique 95 (9.6)
Omission of drugs from prescription order 41 (4.2)
Delayed drug administration 36 (3.7)
Incomplete drug labeling 165 (16.7)
No or wrong documentation 7 (0.7)
Others 47 (4.8)
Total 420 (42.6)

Figure 1: Visible Y‑site drug incompatibility reported in our Intensive Care 
Unit between cefepime and vancomycin
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a clinical pharmacist to review the treatment charts to 
rectify these issues.[10]

Numerous published studies show the importance of 
clinical pharmacist intervention and active participation 
in multidisciplinary patient care rounds having 
significantly better patient outcome through quality 
patient care.[11‑13] Interestingly, during the study period, 
38 ADRs were reported, and few of them were rare 
presentations. These results also coincided with a 
study by Leape who concluded that the participation 
of clinical pharmacist in medical rounds improved 
ADR reporting and reduced the rate of preventable 
ADEs.[6] Many studies from the critical care areas 
show significant evidence favoring better reporting 
and prevention of ADEs in the presence of clinical 
pharmacist.[14,15]

The acceptance of the clinical pharmacist’s interventions 
in our study was 94.8% which was well in accordance 
with other published data, where the acceptance rate 
ranges from 85.5% to 99%.[16]

Critically ill patients are at risk of drug interactions 
due to the complexity in pharmacotherapy and use of 
different drug combinations. Drug interactions in these 
immunocompromised patients can lead to therapeutic 
failure or ADEs. A study by Reis evaluated the prevalence 
of potential drug interaction and its clinical significance 
in critically ill patients.[17,18] The current study managed 
to contribute substantial information to the physicians 
regarding the manifested or potential drug interactions 
in the critical care unit. This included clinical pharmacist 
interventions due to drug interaction or the need for 
monitoring the patient.

While most articles focus on drug interactions in critical 
care, drug incompatibility is also considered likely to 
harm the patients. As a result of incompatibility, the drug 
either loses its efficacy or precipitates. About 3.6–18.6% 
of incompatible drug combinations have been reported 
from different studies in the ICU.[19,20] We have also 
documented 135 Y‑site drug incompatibilities which 
included eight visible incompatibilities.

Streamlining, dose optimization, and de‑escalation 
of antibiotics in the presence of a clinical pharmacist 
are already proven and recommended to enhance 
antibiotic stewardship. In our study, clinical pharmacist 
interventions were effective in rationalizing use of 
antibiotics, especially in optimizing the dose.[21,22] 
Plenty of studies have proven reduced incidence of 
medication errors when pharmacist actively participates 
in multidisciplinary rounds.[23] In this study, clinical 
pharmacist not only detected medication errors but also 
prevented and investigated all types of medication errors.

A national survey by MacLaren et   al .  from 
over 260 hospitals, compared clinical and outcome data 
with the clinical pharmacy services in the ICU. They 
reported significant impact in terms of mortality, length 
of stay, and cost benefits in the presence of critical care 
pharmacist.[24] Parallel studies from MacLaren and Bond 
using the same data claimed statistically significant 
clinical and economical outcome associated with 
thromboembolic or infarct‑related events  (TIE) in the 
presence of a clinical pharmacist.[25]

Desirable activities of critical care pharmacist also 
include formulating guidelines for the critically ill 
patients, active participation in research, and educating 

Table 2: Clinical pharmacist interventions for drug‑related 
problems

Level of 
intervention

Detailed classification n (percentage 
of 1182)

At prescriber 
level

Only information given to prescriber 75 (6.3)
Prescriber asked for clarification or 
information

120 (10.4)

Intervention proposed, approved by 
prescriber

138 (11.5)

Intervention proposed but unapproved 51 (4.3)
Total 384 (32.5)

At drug level Drug changed 28 (2.4)
Dose or dosage form changed 349 (29.5)
Instruction for use changed 34 (2.9)
Drug stopped 51 (4.3)
New drug started 13 (1.1)
Total 475 (40.2)

Drug dosing 
adjustment done

Renal dose adjustment
Antibiotics 101 (8.6)
Other drugs 39 (3.3)

Hepatic dose adjustment
Antibiotics 46 (3.9)
Other drugs 16 (1.3)

Pediatric dose adjustment 17 (1.4)
Insulin dose adjustment 104 (8.8)
Total 323 (27.3)

Table 3: Clinical pharmacist answered drug and poison 
information queries

Type of queries Detailed classification n (percentage 
of 577)

Drug information 
queries

Dose/indication/guidelines 197 (34.1)
Pharmacokinetics/dynamics 74 (12.9)
Adverse effects 114 (19.8)
Other queries 66 (11.4)
Total 451 (78.2)

Poison information 
queries

Identification of the poison content 21 (3.6)
Antidote of poisoning 13 (2.3)
Toxic effects of poisoning 47 (8.1)
Management of poisoning 34 (5.9)
Other queries 11 (1.9)
Total 126 (21.8)
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the ICU team.[2] Guidelines which have been developed 
and implemented by the clinical pharmacist in our 
ICU includes protocols for pain, sedation, delirium, 
glycemic control, stress ulcer prophylaxis, deep vein 
thrombosis prophylaxis, Y‑site drug compatibility 
chart [Figure 2], drug administration, dilution guidelines, 
and toxicological management protocols. Once the 
protocols are formulated, all the members of the ICU 
team are educated on how to use the protocol. Most of 
these clinical pharmacist enforced protocols are nurse 
oriented, and hence, it becomes easy for optimizing 
patient care. The effectiveness of these guidelines is 
under the supervision of a critical care pharmacist, and 
it is well studied in Western countries.[25‑28]

Though our study did not aim to show the economic 
benefit of clinical pharmacy services, it has definitely 
reduced drug costs and other treatment costs. Drug cost 
reduction and treatment cost savings as a result of clinical 
pharmacist interventions have been assessed and proved 
in various other studies.[29,30]

Conclusions
Clinical pharmacist as a part of multidisciplinary team 

in an ICU was associated with a substantially lower rate 
of adverse drug event caused by medication errors, 
drug interactions, and drug incompatibilities. Clinical 
pharmacists are essential to improve patient safety and 

outcome, reduce costs, and provide quality of care in 
critically ill patients.
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