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Variable Peripheral	 catheter	(n=873)
Extravasation	 and	Superficial	Phlebitis 45	(5.2%)

Accidental	 removal 55	(6.3%)

Dysfunction 167	(19.1%)

Catheters’	 global	complication	soring

None 620	(71.0%)

Minor 238	(27.3%)

Moderate 13	(14.9%)

Severe 2	(0.2%)

Very	Severe 0	(0%)

24.7	/	1000	catheter-days
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Purpose: The aim of this study was to collect and describe all published reports of local tissue injury or extrava-
sation from vasopressor administration via either peripheral intravenous (IV) or central venous catheter.
Methods: A systematic search of Medline, Embase, and Cochrane databases was performed from inception
through January 2014 for reports of adults who received vasopressor intravenously via peripheral IV or central
venous catheter for a therapeutic purpose. We included primary studies or case reports of vasopressor administra-
tion that resulted in local tissue injury or extravasation of vasopressor solution.
Results: Eighty-five articles with 270 patientsmet all inclusion criteria. A total of 325 separate local tissue injury and
extravasation events were identified, with 318 events resulting from peripheral vasopressor administration and 7
events resulting from central administration. There were 204 local tissue injury events from peripheral administra-
tion of vasopressors,with an average duration of infusion of 55.9 hours (±68.1),median timeof 24hours, and range
of 0.08 to 528 hours. In most of these events (174/204, 85.3%), the infusion site was located distal to the antecubital
or popliteal fossae.
Conclusions: Published data on tissue injury or extravasation from vasopressor administration via peripheral IVs are
derived mainly from case reports. Further study is warranted to clarify the safety of vasopressor administration via
peripheral IVs.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

1.1. Background

Vasopressor medications are commonly administered in the
emergency department and intensive care unit to treat hemodynamic
instability in critically ill patients. Administration of vasopressors via
catheters located in large central veins has become the preferred route
due to concernsabout adverse events resulting fromperipheral intravenous
(IV) use [1,2]—especially local tissue ischemia secondary to the vasocon-
strictive properties possessed by this class of medications [2].

Despite these concerns, using a peripheral IV to administer
vasopressor may allow the medication to reach the patient sooner and
reduce the time required to achieve hemodynamic stability and its con-
comitant clinical benefits. Although peripheral IV access is readily

obtained in most patients, peripheral vasopressor administration is
often avoided to minimize the risk of potential local tissue ischemia.

1.2. Importance

In some critically ill patients, the requirement for a central venous
catheter (CVC) may delay administration of vasopressors while
the catheter is placed (usually by a physician). This delay may have
unintended negative consequences because patients must remain in a
hemodynamically unstable condition while the CVC is inserted. In
addition, CVC insertion during emergency circumstances may increase
the risk of adverse events compared with CVC insertion for an elective
procedure [3].

1.3. Goals of this investigation

The evidence cited for avoiding peripheral administration of vaso-
pressors is a sparse collection of case studies and expert opinion [4].
We sought to describe the literature for the current practice of avoiding
peripheral administration of vasopressors due to concerns of local tissue
ischemia. We performed a systematic review to describe published re-
ports on local tissue injury or extravasation during the administration
of vasopressor medications using a peripheral IV or a CVC, and the
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the epidermis; (h) ulcer—lesion on surface of skin or a mucosal surface
produced by sloughing of inflammatory necrotic tissue; (i) amputation
of limb or digit—removal of limb or other appendage or outgrowth of
the body; (j) distal catheter location—IV catheters placed distal to the
antecubital fossa of the upper extremity or the popliteal fossa of the
lower extremity; (k) no long-term sequelae—patient returned to previ-
ous level of function without deficits; (l) minor disability from pressor
event—patient returned to previous level of function, but with minor
deficits; (m) major disability—patient unable to return to previous
level of function because of severe deficits from event; (n) mortality
contributed from pressor event—patient died, and pressor event was
felt to be major contributor causing death; and (o) mortality unrelated
to pressor event—patient died, and pressor event was felt not to be im-
portant contributor in causing death.

3. Results

3.1. Characteristics of study subjects

Our search identified a total of 86 371 references, of which 85 [5–89]
met final inclusion criteria (Fig. 1). The κ statistic for agreement between
reviewers for the final inclusion of papers based on full references was
0.773. Of the 85 included references, 80 [5–21,23–35,37–64,66,68–88]
presented individual data and were made up of case studies and case se-
ries, while 5 [22,36,65,67,89] presented aggregate data and included 1
[67] randomized controlled trial and 4 [22,36,65,89] case series. None of
these studies directly compared the administration of vasopressors via
central or peripheral catheters with rates of tissue ischemia or extravasa-
tion. From the 85 included studies, a total of 270 patients with 325 sepa-
rate events of local tissue injury or vasopressor extravasation arising from
IV administration of vasopressorswere identified. Overall, individual data
were presented on 195 patients, and aggregate data were presented on
75 patients. Of the 85 studies included for review, 29 were written in 14
languages other than English. Demographic and study characteristics of
included papers are presented in Table 1.

4. Main results

4.1. Studies on peripheral administration of vasopressors

Of the 325 separate events of local tissue injury or vasopressor
extravasation associated with administration of vasopressors,
318 events [6–17,19–27,29–66,68–75,77–89] resulted from periph-
eral IV administration. Of these 318 events, there were 204
[6–14,16,17,19–21,23–27,29–60,62–64,66,69–75,78,79,81–89] local

tissue injury events and 114 events [6,9,11,15,17,19,21,22,25,29,49,50,
52,56,61,62,65,68,70,72–74,77,80,83–85,88,89] of extravasation of va-
sopressor solution. Table 2 presents data on complications that resulted
from the administration of vasopressor via peripheral IV. The occur-
rence of extravasation was recorded independently of other complica-
tions and may or may not have been related to other tissue injury.

Of the 204 local tissue injury events, there were 179 skin necrosis
events, 5 tissue necrosis events, and 20 gangrene events. Norepineph-
rine (80.4%), dopamine (9.3%), and vasopressin (6.9%) were most com-
monly administered in instances of local tissue complications. The
location of the peripheral IV through which vasopressor was infused
was given in 194 of 204 events. In 174 (85.3%) events, the peripheral
catheter through which vasopressor was administered was located in
a site distal to the antecubital or popliteal fossae. The average duration
of vasopressor infusion before local tissue injury occurred was 55.9
hours (±68.1), with a median of 24 hours and a range of 0.08 to 528
hours. Fig. 2 provides a graphic representation of the local tissue injury
events occurring as a function of the duration of peripheral vasopressor
infusion after which local tissue injury was noted. The occurrence of
long-term sequelae was reported in 182 of the 204 local tissue injury
events. In many of the local tissue injury events, no long-term sequelae
(77 [37.7%]) or minor disability (36 [17.6%]) was reported. However,
major disability was reported in 9 (4.4%) of these events, and in 4
(2.0%), the complications arising from use of peripheral vasopressors
were felt to be a major contributor to mortality.

Of the 114 events of extravasation of vasopressor solution, most
(75.4%) did not result in any tissue injury. Norepinephrine (64.9%)
and dopamine (22.8%) were most commonly administered in instances
of extravasation. The location of the peripheral IV through which vaso-
pressor was infusedwas provided in 52 of the 114 extravasation events.
In most of the reported events (39/52 [75.0%]), the peripheral catheter
was located distal to the antecubital or popliteal fossae. The average
duration of vasopressor infusion before extravasation occurred was
35.2 hours (±51.0), with a median of 22 hours and a range of 0.25 to
240 hours. The occurrence of long-term sequelae was reported in 112
of the 114 extravasation events. Most of the patients who experienced
extravasation events had no long-term sequelae (90/112 [80.4%]).
In 3 (2.7%) of 112 of these events, the patient suffered major disability,
and in 1 (0.9%) of 112, the event was felt to be a major contributor
to mortality.

4.2. Studies on central administration of vasopressors

Information regarding the occurrence of tissue injury or extravasa-
tion resulting from vasopressor administration via CVC is presented in

Fig. 2. Duration of infusion of peripherally and centrally administered vasopressors, in hours, for events where local tissue injury occurred.
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Documento de Consenso sobre la prevención, 
diagnóstico y tratamiento de las infecciones 
por catéter venoso periférico en adultos

RESUMEN 

El uso de catéteres vasculares es una práctica muy utiliza-
da en los hospitales. El uso de catéteres venosos periféricos de 
corta duración se ha asociado con un elevado riesgo de bacte-
riemia nosocomial, lo que comporta una no despreciable mor-
bilidad y mortalidad. La etiología de estas infecciones suele ser 
frecuentemente por Staphylococcus aureus, lo que explica su 
gravedad. En este documento de consenso, elaborado por un 
panel de expertos de La Sociedad Española de Infecciones Car-
diovasculares con la colaboración de expertos de la Sociedad 
Española de Medicina Interna, La Sociedad Española de Qui-
mioterapia y la Sociedad Española de Cirugía Torácica y Car-
diovascular, pretende establecer unes normes para un mejor 
uso de los catéteres venosos periféricos de corta duración. El 
Documento revisa las indicaciones para su inserción, manten-
imiento, registro, diagnóstico y tratamiento de las infecciones 
derivadas y las indicaciones para su retirada; haciendo énfasis 
en la formación continuada del personal sanitario para lograr 
una mayor calidad asistencial. Seguir las recomendaciones del 
consenso permitirá utilizar de una manera más homogénea los 
catéteres venosos periféricos minimizando el riesgo de infec-
ción y sus complicaciones.

Palabras Clave: Infección de catéter; catéter venoso periférico; bacter-
iemia, prevención de la infección de catéter; diagnóstico de la infección de 
catéter; tratamiento de la infección de catéter, infección nosocomial

ABSTRACT

The use of endovascular catheters is a routine practice in 
secondary and tertiary care level hospitals. Short peripheral 
catheters have been found to be associated with the risk of 
nosocomial bacteremia resulting in morbidity and mortality. 
Staphyloccus aureus is mostly associated with peripheral cath-
eter insertion. This Consensus Document has been elaborated 
by a panel of experts of the Spanish Society of Cardiovascular 
Infections in cooperation with experts from the Spanish So-
ciety of Internal Medicine, Spanish Society of Chemotherapy 
and Spanish Society of Thoracic-Cardiovascular Surgery and 
aims at define and establish the norm for management of 
short duration peripheral vascular catheters. The document 
addresses the indications for insertion, catheter maintenance 
and registry, diagnosis and treatment of infection, indications 
for removal and stresses on continuous education as a driver 
for quality. Implementation of this norm will allow uniformity 
in usage thus minimizing the risk of infection and its compli-
cations.

Key words: catheter infection, peripheral venous catheter, bacteremia, 
prevention of catheter infection, diagnosis of catheter infection, 
treatment of catheter infection, nosocomial infection
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hanced asepsis is not required if the endovenous segment of the 
PVC is not manipulated9 (III-B). As it is the case when inserting 
central venous lines, the use of additional protection measures 
like facemask is not recommended. However, this is a topic for 
consideration and analysis if in a given institution higher than 
expected rates of PVC-related bacteremia are observed.

Sterile gauze dressing or semi permeable transparent sterile 
dressing to cover the insertion site will be used23,24 (II-A). Ster-
ile gauze dressing will be inspected and replaced every other day 
and transparent dressing should not stay in place over 7 days9. If 
there is humidity, sweating or blood it is more appropriate to use 
non-occlusive gauze dressing24,25 (III-B). Revision or replacement 
of dressing must be performed with single-use clean gloves9.

PVCs placed on urgent basis or without considering min-
imal hygiene rules must be removed and replaced before 48 
hours to avoid the risk of infection17,26,27 (II-A).

The use of techniques facilitating identification of veins as 
laser or ultrasound28,29 in patients with poor venous flow are 
also recommended for insertion. However, these techniques do 
not reduce the risk of infection. A meta-analysis on this topic 
showed that its routine use is not justified30 (I-A).

4. Checklist
The adhesion to recommendations in the form of check-

list is associated to better results in prevention of post-inser-
tion complications after insertion of central venous lines and 
PVCs10,31 (I-A). This is reflected in table 2.
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DEFINITIONS

Table 1 describes the levels of evidence and the strength 
of recommendations according to the criteria of the Infectious 
Disease Society of America (ISDA)15.

PVC is a catheter shorter than 7.62 cm (3 inches).
Sepsis is a systemic inflammatory response syndrome sec-

ondary to an infection16. The term phlebitis is used if one of 
the following criteria was fulfilled: swelling and erythema > 4 
mm, tenderness, palpable venous cord, pain or fever with local 
symptoms. Isolated swelling is not defined as phlebitis.

INSERTION

1. When?
PVC will be inserted when the duration of a given endo-

venous therapy is expected to be shorter than 6 days and the 
PVC will not be used for major procedures as hemodialysis, plas-
mapheresis, chemotherapy, parenteral nutrition, monitoring or 
administration of fluid large volumes. When any of these cir-
cumstances is to be expected, it is preferable to insert a single-, 
double- or triple-lumen central venous line (peripherally insert-
ed or not) as the risk of chemical phlebitis, the need for high-
speed volume infusion or frequent manipulations do not sup-
port a short catheter (I-A)17,18. An isolated transfusion does not 
need a central venous line insertion. Before placing any venous 
line, even peripheral, it is mandatory the evaluation of the actual 
need. Venous lines are often placed as routine; this meant to be 
an act reflecting the provision of care. It is also frequently shown 
that to treat the patient a “prophylactic” line was not mandato-
ry. A study showed that up to 35% of peripheral venous lines 
place in the emergency department are unnecessary19.

2. Where?
A PVC can be inserted in every accessible vein. However, 

upper extremity veins are preferable for patient comfort and 
lesser risk of contamination. Some studies reported a higher 
risk of phlebitis after lines were placed at the cubital crease, 
thus becoming preferable avoiding this site in benefit of arm, 
forearm or dorsal aspect of the hand/wrist20,21 (II-A).

Furthermore, other patient-related factors like accessibil-
ity to the venous system or comfort after insertion have to be 
taken into account. It does not make much sense to insert a 
PVC onto a central vein (III-A).

3. How?
The insertion of PVC must be performed under maximal 

aseptic techniques. It is not necessary to prep a surgical field 
as it is the when inserting a central venous line. The skin must 
be disinfected with 2% alcoholic chlorhexidine solution or, if 
not available, with a 70% iodine or alcohol solution9,22,23 (I-A). 

The insertion site should not be touched after disinfection. 
The catheter must be handled from its proximal end when in-
serted. The caregiver inserting the PVC must previously perform 
hand hygiene with water and soap and/or wash hands with 
alcohol solution. Single-use clean gloves must be used. An en-

Table 2  Checklist for an appropriate manipulation 
of peripheral catheters. If these are not 
fulfilled, the prompt removal of the 
catheter is advised (Evidence A)

-Insertion

-Correct hand hygiene

-Field disinfection

-Use single-use clean gloves

-Do not touch the insertion site

-Do not touch the endovenous segment of the catheter

-Sterile dressing (gauze or transparent)

-Manipulation

-Daily assessment of the need for the PVC

-Daily inspection of the insertion site

-Daily assessment of the function of the catheter

-Adequate replacement of infusion sets

-Catheter and events registry

-Fluid extravasation

-Presence of blood

-Inflammatory signs

-Dressing status

der aseptic conditions. A cotton swab should be used to take 
samples from purulent exudate if present. As PVCs should be 
of short duration and of easy replacement it is not justified to 
keep a catheter in situ while awaiting results from Microbiol-
ogy if infection is suspected (III-B). We then believe that con-
servative diagnostic techniques for diagnosis of infection are 
not applicable60,61 (III-A). Gram stain of a PVC segment may 
quickly draw the attention on the possibility of infection62.

TREATMENT

In the treatment of PVC infection, the first step is re-
moval of the PVC as it has been mentioned above. Once the 
PVC is removed and blood samples taken for culture, the 
need for empirical antibiotic treatment will be related to 
the clinical condition of the patient (including fever and el-
evation of biomarkers). Treatment should be directed to PVC 
bacteremia. Isolated positive tips cultures don´t need antibi-
otic treatment. 

If empirical antibiotic treatment is initiated, Gram-positive 
cocci (including methicillin-resistant S. aureus) and Gram-neg-
ative bacilli (including P. aeruginosa) must be addressed ac-

cording to individual patient risk factors and the institutional 
flora. Other possible etiologies, albeit infrequent, have to be 
considered in special subsets of patients as those previously 
treated with antibiotics, with multiple comorbidities, immune 
depressed or hospitalized for long periods of time63. S. aureus 
has become an increasingly impactful etiologic pathogen for 
bacteremia as it has been shown in several studies3,4,64-66. For 
bacteremia related to central venous catheters, the etiology is 
well diversified.

A reasonable empirical regimen is a combination of dap-
tomycin and a ß-lactam active against P. aeruginosa. In pa-
tients with ß-lactam allergies, aztreonam, an aminoglycoside 
or a quinolone could be an alternative. In any case, treatment 
should follow sensitivity patterns at 24-72 hours after cultures 
are taken67,68 (I-A).

The duration of antibiotic treatment will be related to the 
isolated pathogen. S. epidermidis can be treated with removal 
of PVC if no other inert material that can be colonized and/
or infected exists; duration of treatment should not be longer 
than 7 days. If no antibiotic treatment is given, the patient 
must be symptom-free and cultures must be negative upon 
removal of PVC.
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Table 3  Summary of recommendations and degree of evidence (see table 1).

Always assess the need of inserting a catheter. If necessary, a central venous line should be preferred over a PVC if duration of intravenous treatment  
longer than 6 days or blood transfusion, parenteral nutrition or chemotherapy I-A17,18

If possible, PVC should not be placed in the lower extremities or at the elbow crease due to higher risk of phlebitis II-A20,21

Insertion of PVC must be performed with the maximum hygiene with no need for a surgical field. 
There are no preferences as to which disinfectant solution to use I-A9,22,23

An sterile dressing must be used to cover the insertion site (gauze dressing or transparent semi permeate) II-A24,25

Adherence to pre-insertion checklist improves prevention of complication outcomes I-A10,31

The need for PVC should be assessed on daily basis. If it is not necessary, it is advisable to remove the PVC II-A18,32,33

The insertion site must be inspected daily. If abnormalities, malfunction or discomfort at the subcutaneous site, PVC should be removed III-A17,34-35

No antiseptic cream/gel should be used at the insertion site III-C36

Closed connectors to access the PVC can be used; its external surface must always be decontaminated II-A37

Infusion sets can be utilized up to 96 hours, exception made of blood transfusion or lipid emulsions I-A38,39

It is mandatory that the nursing files a daily record of the PVC III-A40

It is not advisable to remove PVC on a routine basis. PVC should be replaced when clinically indicated I-A18,41-51

It is advisable not to keep a PVC in place for over 5 days III-B

Unused catheters must be removed II-A10,53,55

When there is suspicion of PVC inserted under suboptimal conditions, it must be removed III-A56,57

If there is suspicion of infection, it is not indicated to use diagnostic technique leaving the PVC in place III-A

If there is a suspicion of catheter-related infection, the tip of the PVC must be submitted for Microbiology.  
Removed PVC non suspected to be infected not need Microbiology III-A

Empiric antibiotic treatment of PVC-related bacteremia has to be deescalated according to microbiology results I-A67,68

Continuous education in insertion and maintenance guidelines is an appropriate way to reduce complications I-A74-87
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Background: Pharmacist interventions and medication errors potentially differ between 
the People’s Republic of China and other countries. This study aimed to report interventions 
administered by clinical pharmacists and analyze medication errors in an intensive care unit 
(ICU) in a tertiary hospital in People’s Republic of China.
Method: A prospective, noncomparative, 6-month observational study was conducted in a gen-
eral ICU of a tertiary hospital in the People’s Republic of China. Clinical pharmacists performed 
interventions to prevent or resolve medication errors during daily rounds and documented all 
of these interventions and medication errors. Such interventions and medication errors were 
categorized and then analyzed.
Results: During the 6-month observation period, a total of 489 pharmacist interventions were 
reported. Approximately 407 (83.2%) pharmacist interventions were accepted by ICU physicians. 
The incidence rate of medication errors was 124.7 per 1,000 patient-days. Improper drug frequency 
or dosing (n 152, 37.3%), drug omission (n 83, 20.4%), and potential or actual occurrence of 
adverse drug reaction (n 54, 13.3%) were the three most commonly committed medication errors. 
Approximately 339 (83.4%) medication errors did not pose any risks to the patients. Antimicrobi-
als (n 171, 35.0%) were the most frequent type of medication associated with errors.
Conclusion: Medication errors during prescription frequently occurred in an ICU of a tertiary 
hospital in the People’s Republic of China. Pharmacist interventions were also efficient in 
preventing medication errors.
Keywords: pharmacist, medication error, preva lence rate, type, severity, intensive care unit

Introduction
Medication errors (MEs) are among the most common preventable causes of adverse 
drug events.1,2 In 21 hospitals in the Netherlands, a retrospective study showed 
that 15% of adverse events were related to medications, and 21.2% of these events 
were considered preventable.3 In the Middle East, ME rates varied from 7.1% to 90.5% 
of prescription errors and from 9.4% to 80% of administration errors.4

Patients admitted in intensive care units (ICUs) are at a high risk of MEs because 
of critical illness, complex ICU environment, multiple medications, and frequent 
changes in medication therapy.5–8 Camiré et al9 reviewed data from 205 ICUs in 
29 countries and found that the prevalence of MEs in ICUs was approximately 10.5 
per 100 patient-days. Such a frequency of MEs was similar between prescription (54%) 
and administration (46%) phases. However, ME definitions and detection methods 
vary greatly in different reports.5

MEs may cause inefficient disease management for patients, additional workload 
for pharmacy personnel, increased cost for pharmacies and patients, frustration among 
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of MEs (n 171, 35.0%) followed by cardiovascular drugs 
(n 76, 15.5%) and enteral/parenteral nutrition drugs (n 62,  
12.7%). Considering specific drugs, we noted piperacil-
lin/sulbactam (n 48, 9.8%), enteral nutrition drugs (n 76, 
15.5%), and meropenem or imipenem (n 36, 7.4%) as drugs 
most commonly associated with MEs.

Discussion
Cultures, laws, politics, clinical settings, and health care 
systems differ between the People’s Republic of China and 
other countries, such as the US or the UK. Moreover, the 
participation of pharmacists in ICU teams in the People’s 
Republic of China has been recently established. However, 
reports on the analysis of pharmacist interventions and the 
measurement of MEs in ICUs in the People’s Republic of 
China remain limited. To our knowledge, this study is the 
first to investigate pharmacist interventions and assess MEs in 
an ICU of a hospital in the People’s Republic of China. This 

study provided insights into the value of pharmacy services 
in the People’s Republic of China’s health care system.

A high number of recommendations accepted by the physi-
cians indicated that pharmacists in ICUs were well accepted by 
physicians. However, acceptance rate was greatly dependent on 
the type of recommendations. Extremely important recommen-
dations (drug contraindication) or urgent need for physicians 
(consulting regarding drug information) could reach a high 
acceptance rate (100%); by contrast, recommendations requir-
ing specific clinical skills from pharmacists (drug selection) 
presented a low acceptance rate (51.2%). Despite remarkable 
improvements in pharmacy services in hospitals in the People’s 
Republic of China, clinical skills of clinical pharmacists are 
essential for pharmaceutical care in a patient-centered pharmacy 
setting. Therefore, this area should be further improved.

In this study, the incidence rate of MEs was approxi-
mately 124.7 per 1,000 monitored patient-days. This finding 
is close to that described by Camiré et al in which 29 countries 

Table 2 Type and number of pharmacist’s recommendations in an intensive care unit of a Chinese tertiary hospital

Category of pharmacist recommendations n (%) recommendations n (%) recommendations accepted

Change in drug frequency or dosing: improper drug frequency or dosing 178 (36.4) 149 (83.7)
Start new drugs: lack of use of needed drugs 81 (16.6) 72 (88.9)
Change or stop drugs: potential ADR or occurrence of ADR 69 (14.1) 54 (78.3)
Provision of drug information: lack of drug-related information 49 (10.0) 49 (100)
Change or stop drugs: improper drug selection or indication 41 (8.4) 21 (51.2)
Change or stop drugs: improper duration of drug treatment 27 (5.5) 22 (81.5)
Change or stop drugs: drug–drug interactions 18 (3.7) 16 (88.9)
Stop drugs: contraindication 11 (2.3) 11 (100)
Others: wrong solvent, duplication, etc. 15 (3.1) 13 (86.7)
Total 489 (100) 407 (83.2)

Abbreviation: ADR, adverse drug reaction.
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Figure 1 Type of medication errors encountered in an intensive care unit of a Chinese tertiary hospital.
Note: “Others” refer to medication errors, including wrong solvent, duplicated drug use, and so on.
Abbreviation: ADR, adverse drug reaction.
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The inclusion criteriawere nonrandomized controlled studies that evaluated the effect of pharmacist services vs no
intervention on ME rates in ICU settings. Four studies were included in the meta-analysis. Results suggest
that pharmacist intervention has no significant contribution to reducing general MEs, although pharmacist
intervention may significantly reduce preventable adverse drug events and prescribing errors. This meta-
analysis highlights the need for high-quality studies to examine the effect of the critical care pharmacist.
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1. Background

Over the past 3 decades, the role of the critical care pharmacist has
expanded in the intensive care unit (ICU) from traditional dispensing
responsibilities to active members of multidisciplinary teams [1].
Pharmacists play an important daily role in ICU patient care by assisting
physicians and other health care providers with pharmacotherapy deci-
sionmaking andmonitoring, ultimately improving medication safety [2].

Medication errors (MEs) and adverse drug events (ADEs) occur at
high rates in the ICU [3] due to the (1) severity of disease of this popula-
tion, (2) multiple medications administered, (3) high-risk nature of the
medications, and (4) high frequency of changes in pharmacotherapy
regimens [1,3-6]. Pharmacists are considered to be effective in reducing
MEs andADEs by reducing the causes of these events throughpharmaco-
therapy decision making and monitoring support [2,4]. Numerous
studies have assessed the effect of ICU pharmacists' intervention in
reducing MEs [6-15]. However, these data are limited by the ability to
collect data without impeding care; thus, few of these studies are
randomized controlled trials [1] or are cohort studies that have an ICU

without a pharmacist as a control site [10,15]. Conversely, most of
these studies are preintervention/postintervention designs [6-14],
which are more realistic to conduct in the ICU setting.

It is, therefore, challenging to quantitatively evaluate the effect
of ICU pharmacist interventions on MEs. Pooling data from available
studies to perform a meta-analysis will help to better determine the
true effect and magnitude of the interventions. Based on our literature
review, no such meta-analysis exists. Therefore, we aimed to conduct
a systematic review and meta-analysis of the literature to assess the
effect of the ICU pharmacist intervention on MEs.

2. Methods

2.1. Scope

A systematic review of published works following the methods
specified in the Cochrane Handbook for Reviews on Interventions [16]
and the Meta-analysis of Observational Studies in Epidemiology guide-
lines was conducted (Supplementary material 1) [17].

2.2. Searching

Studieswere identified by electronically searching theMEDLINE and
EMBASE databases and the Cochrane Database until August 2014. The
following keywordswere used in combination for the followingmedical
subject headings and text words: “critical care,” “intensive care unit,”
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studies have assessed the effect of ICU pharmacists' intervention in
reducing MEs [6-15]. However, these data are limited by the ability to
collect data without impeding care; thus, few of these studies are
randomized controlled trials [1] or are cohort studies that have an ICU

without a pharmacist as a control site [10,15]. Conversely, most of
these studies are preintervention/postintervention designs [6-14],
which are more realistic to conduct in the ICU setting.

It is, therefore, challenging to quantitatively evaluate the effect
of ICU pharmacist interventions on MEs. Pooling data from available
studies to perform a meta-analysis will help to better determine the
true effect and magnitude of the interventions. Based on our literature
review, no such meta-analysis exists. Therefore, we aimed to conduct
a systematic review and meta-analysis of the literature to assess the
effect of the ICU pharmacist intervention on MEs.

2. Methods

2.1. Scope

A systematic review of published works following the methods
specified in the Cochrane Handbook for Reviews on Interventions [16]
and the Meta-analysis of Observational Studies in Epidemiology guide-
lines was conducted (Supplementary material 1) [17].

2.2. Searching

Studieswere identified by electronically searching theMEDLINE and
EMBASE databases and the Cochrane Database until August 2014. The
following keywordswere used in combination for the followingmedical
subject headings and text words: “critical care,” “intensive care unit,”
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of ICU patients. These quantitative results from meta-analysis are
consistent with the study by Campino et al [8], which showed a more
significant effect of pharmacist intervention on potentially severe errors
than moderate errors.

Lee et al [13] observed an increased risk of MEs. The reasons for this
discrepancy might include differing ICU populations, varying pharma-
cist engagement, inadequate control of confounders such as severity
of illness, pharmacist training, interprofessional team make-up, and
lack of classification for MEs (ie, “lack of monitoring” was counted as
an ME) [13]. Exclusion of this study from post hoc analysis generated
a significant estimated effects with OR of 0.25 (0.22-0.28) and insigni-
ficant heterogeneity (I2 = 0).

This meta-analysis highlights the need for additional evidence re-
garding the impact of a critical care pharmacist on patient safety out-
comes. Specifically, the identification and analysis of patient safety
outcomes, such as ADE and ME rates, are needed from pharmacists
who are members of ICU care teams with activities that included inter-
disciplinary rounds. As it stands, “best practice” reports on patient safety
lists “clinical pharmacist consultation services” as a medium strength of
evidence regarding their impact and effectiveness [27]. It is possible that
this is the highest strength of evidence that clinical pharmacy services
will receive due to feasibility and ethical concerns of better quality
trial designs (ie, randomized controlled trials).

4.2. Quality of evidence

The evidence included in this analysis is at high risk for bias. Most in-
cluded studies were preintervention/postintervention observational
studies, and important confounding factors might not have been mea-
sured with sufficient precision or might not have been measured at
all. In addition, no statistical techniques such as propensity score or

Cox models have been used to adjust for biases. Only in 3 studies
[9,11,12] were blinded reviewers used for outcome measurement.

Because of a relatively small number of studies included
and the inherent inability of before-and-after studies to eliminate
unmeasured/residual confounding, the results of our meta-analysis
should be interpreted with caution. Future studies with better quality,
for example, adjusting for potential confounders and having a control
unit, are needed to more accurately assess the impact of pharmacists
on patient clinical outcomes.

4.3. Strengths and limitations

This meta-analysis systematically identified relevant observational
studies to analyze and synthesize data to evaluate the impact of critical
pharmacist interventions on MEs. To our knowledge, this is the first
systematic review that quantitatively evaluated this impact on different
types of MEs and ADEs. Nevertheless, observational studies are prone to
biases, such as prescription, selection, and misclassification, which will
affect the internal validity of this systematic review and meta-analysis.
In addition, this analysis is limited by the source of included studies.
For example, gray literature or unpublished data were not consulted.

5. Conclusion

The present systematic review and meta-analysis did not demon-
strate a significant beneficial effect of the intervention on general MEs.
However, the pooled analysis supported the role of pharmacists in re-
ducing preventable ADEs and prescribing errors. Future high-quality
studies that examine the effect of a critical care pharmacist arewarranted.
Specifically, carefully designed and conducted observational studies that
clearly define the study population and total number of medication

Fig. 3. Subgroup analysis of MEs and preventable ADEs between ICU patients with pharmacist intervention or control, using random-effects model.

Table 4
Outcomes and results of studies not reporting monitored patient-days

Study (year) Study design Patients Study
period (d)

Monitored
patient-days

Type of ME Total no. of prescription
during study period

ME

Alagha et al (2011) [7] HCS B 139 B 150 NR Prescribing error (potentially severe, moderate, minor) B 1417 B 1107
A 101 A 150 NR A 1096 A 391

Campino et al (2009) [8] HCS N/A B 150 NR Prescription error and transcription error B 4182 B 857
N/A A 210 NR A 1512 A 47

Jiang et al (2012) [9] HCS B 409 B 91 NR Prescribing error NR B 687
A 416 A 91 NR NR A 191

Nguyen et al (2014) [10] CBA N/A B 7 NR Did not specify B 1204 B 236
N/A A 7 NR A 688 A 407
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