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OBJECTIVES Pharmacies encounter challenges when ensuring safe, timely medication dispensing to
patients in the pediatric intensive care unit, when high-alert medications are needed in emergent
situations. Removal of these medications from nursing stock presented challenges to providing timely
administration to critical patients. The project’s purpose was to develop a new method for reducing
dispensing time while improving patient safety in pediatric intensive care units.
METHODS A committee of physicians, nurses, a clinical pharmacist, and pharmacy administration
collaborated for process development. The process established a list of compounded, ready-to-use
infusions stored in the pharmacy, immediately available for dispensing. The dispensing mechanism includes
ordering and dispensing processes using an ‘‘Urgent Drip Request’’ form. Most frequently ordered
infusions (dopamine, epinephrine, norepinephrine) were added to automated dispensing cabinets in
critical care units in concentrations that could be safely infused centrally or peripherally.
RESULTS During the initial 4 months, 71 ‘‘Urgent Drip Request’’ sheets were processed. Drug utilization
evaluation demonstrated a dispensing time of less than 1 minute for drip medications leaving the
pharmacy after the form was received. No sheets processed exceeded the institutional 30-minute
turnaround time, nor were errors or delays documented. Limited turnaround time data existed
preimplementation but was not robust enough for analysis. It was not ethically feasible to perform a
head-to-head comparison with the previous method, as it might have resulted in delay of therapy and
negative patient outcomes.
CONCLUSIONS This program allows high-alert medication infusion availability in an expedited manner,
removes potential for compounding errors at the bedside, and assures clean room preparation. This has
improved pharmacy efficiency in provision of safe patient care to critically ill pediatric patients.

INDEX TERMS emergency medications, high-alert medications, medication safety, patient safety,
pediatric
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INTRODUCTION

Hospital pharmacies encounter many challenges
when trying to ensure safe and timely medication
dispensing to patients they serve. Processes must
meet the challenge of providing the correct medi-
cation, prepared accurately and delivered in a time-
frame suitable to the individual patient situation,
without compromise to other patients. This is
especially true in the pediatric intensive care unit
(PICU), where a number of high-risk medications
are needed immediately in emergent situations. The

Joint Commission has identified a National Patient
Safety Goal to ‘‘improve the safety of using high-
alert medications.’’1 The Institute for Safe Medica-
tion Practices has identified a number of medica-
tions as high-alert including adrenergic agents
(epinephrine, norepinephrine) and concentrated
electrolyte products (3% sodium chloride). In
response to this Joint Commission goal, our
institution removed these medications from all
inpatient nursing units throughout the hospital so
they could be obtained only from the pharmacy
with a patient-specific order in the computerized
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physician order entry (CPOE) system. However,
this presented a challenge to physicians, pharma-
cists, and nurses in providing timely administration
of life-saving medications to critically ill patients. A
new method that reduced the medication dispensing
time while improving patient safety was necessary.
The purpose of this project was to develop a process
that would provide patients with high-alert, vaso-
active medications in a timely and safe manner.

METHODS

This institution is a 296-bed pediatric hospital
with a 36-bed PICU, a 12-bed cardiac intensive care
unit (CICU), and a 31-bed neonatal intensive care
unit (NICU). A multidisciplinary PICU leadership
team identified the turnaround of vasoactive
infusions to be an area in need of improvement,
based upon limited data collected over a 1-week
period. A task force was formed consisting of
pharmacy administration, a clinical pharmacist,
nurses, and critical care physicians. The team met
on a weekly basis to work in partnership on the
details of developing a process that maintained
immediately available vasoactive infusions to the
physician and nursing staff while improving patient
safety and compliance with regulations. The new
process would need to include medications to be
compounded and secured by the pharmacy. A two-
part approach was then taken to address the issue.
First, compounded, ready-to-use infusions needed
to be available for immediate dispensing and
administration. The second step was to establish
the mechanism by which the medications would be
dispensed. The process was implemented after eight
weekly, 1-hour collaborative sessions.

Because this is a pediatric facility, infusions are
dispensed and administered in previously estab-
lished, institution-standard concentrations that
accommodate the type of intravenous access
(central vs. peripheral) and size/weight of the
patient. It was determined that the pharmacy
department would need to stock a small supply
(par level ¼ 2) of each medication and concentra-
tion. Available options consisted of dobutamine,
dopamine, epinephrine, esmolol, milrinone, nitro-
prusside, and norepinephrine. All infusions are
prepared using aseptic technique in the horizontal
laminar airflow hood located in the pharmacy’s
clean room, reducing the risk of a contaminated
product. Syringes are stored in labeled bins in the
main pharmacy refrigerators with consistent generic
stock labeling that includes drug name, diluents,
concentration, and expiration dating. When a
syringe is dispensed, the dispensing pharmacist
prepares replacement stock as soon as possible.

The night-shift pharmacist is responsible for mon-
itoring expiration dates and replacing outdated
supplies to maintain par levels of these agents.
(Expiration dating had been determined previously,
depending upon medication stability and United
States Pharmacopeia ,797. regulations.)

Developing a process for dispensing vasoactive
infusion syringes was more difficult. Because the
infusions would be dispensed from the pharmacy
department on a patient-specific basis instead of
being dispensed as floor stock, an order was
required legally. The logistics of communication
of the order to the pharmacy department, labeling
of the syringe, and transportation of the syringe to
the bedside all needed to be ascertained.

The process that was developed is described as
follows. The critical care physician determines that
there is an emergent situation (e.g., resuscitation
from shock or a cardiac arrest) in which a patient
requires one or more of the above-listed agents
more quickly than usual pharmacy workflow would
permit. The physician completes the ‘‘Urgent Drip
Request’’ paper order form (Appendix), or the
nursing staff is permitted to take verbal orders if
needed. The form lists all of the available options.
Completion of this form includes application of
demographic addressograph sticker (includes pa-
tient name, medical record number, and date of
birth), marking the box by the appropriate agent(s)
and concentration(s), notation of date and time,
and signature of ordering physician or designee. A
phone call is placed to the pharmacy department to
alert staff members that there is an order. The
delivery method is arranged at that time. The form
is then submitted to the pharmacy by a facsimile
machine, pneumatic tube system, or by the phar-
macy medication delivery assistant (MDA). The
stock infusion is immediately dispensed to the
intensive care unit either by pneumatic tube or
delivery by the pharmacy MDA.

The physician must enter an order into the
CPOE system as soon as the situation permits. The
dispensing pharmacist verifies the order and dis-
penses a new infusion syringe by using the patient-
specific infusion label generated. If the dispensing
pharmacist determines for any reason that an order
will not be placed by the physician (verbal
communication, patient demise, or other reason)
or that the medication will not continue beyond the
emergency situation, then an order is entered for the
limited purposes of documentation and generation
of a charge on the patient’s account. The entry is
short-dated in order to avoid an active order on the
patient’s profile. Table 1 summarizes the existing
policy.
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RESULTS

This program has been successful in the im-
provement of emergency medication turnaround
time. Current hospital policy requires that any
medication ordered through the CPOE system
designated as statum (STAT) at this institution
must have a promised time of 30 minutes from time
of order placement to delivery to patient location.
Prior to implementation of the new process, a
limited turnaround time audit was performed over a
7-day period of STAT vasoactive infusion orders (n
¼ 12). The time between order entry and product
delivery exceeded 30 minutes for 25% of ordered
infusions and exceeded 60 minutes for 16.7%. Only
58.4% of orders audited were delivered within the
institution standard of 30 minutes.

More extensive drug use evaluation was con-
ducted after commencement of the program. In the
first 4 months after program inception, a total of 71
‘‘Urgent Drip Request’’ sheets were processed by
the pharmacy. An audit of these requests was
performed, and it was observed that it took less
than 1 minute for all drip medications to leave the
pharmacy after the ‘‘Urgent Drip Request’’ sheet
was received by pharmacy personnel (time was
recorded on the sheet when the sheet was received
by pharmacy and again when infusions left the
pharmacy). Because of the emergent nature of these
situations, there has not been a way to consistently

and effectively record the exact time the infusion
reached the patient’s bedside. No medication errors
or delays in therapy have been reported since the
program’s initiation in August 2007.

As the program has evolved, further evaluation
has occurred. Since the program’s inception, a
modification has been made to improve rapid
availability of dopamine, epinephrine, and norepi-
nephrine through the addition of these ready-to-use
infusions to the automated dispensing cabinets
(ADCs) in all critical care units in the hospital. In
2009, our institution relocated to a newer, much
larger campus. To ensure that the expanded sizes of
the hospital building and critical care units would
not negatively affect the efficient delivery of drips
from the pharmacy to the patient’s bedside, the
program was reevaluated 6 months prior to the
hospital move and for the first 6 months at the new
campus. The program continues to be used
frequently. In the 12- month period from August
1, 2010, to August 1, 2011, there were a total of 535
high-alert infusions dispensed, combined from
ADCs and the pharmacy department stock. The
pharmacy received 22 ‘‘Urgent Drip Request’’
sheets and supplied patients with 31 infusions. In
this same time period, 504 high-alert infusions were
removed from ADCs in the critical care units. Of
these, 447 were removed from the PICU, 34 were
removed from the NICU, and 23 were removed

Table 1. Summary of Pharmacy Department Policy and Procedure

1. Upon receipt of a completed ‘‘Urgent Drip Request’’ form, the pharmacist will obtain the requested
medication infusion from stock, verify that the concentration matches the concentration requested, and
verify that the syringe in date. The syringe may then be dispensed to the employee or sent via MDA or
pneumatic tube to the appropriate location.

2. The pharmacist will generate a compounding sheet immediately and have a replacement syringe
compounded to replenish the stock.

3. The order must be entered into the CPOE system as soon as the physician is able. (The physician may order
the infusion at a different concentration or in a different diluent than originally selected on the ‘‘Urgent
Drip Request’’ form.)

4. The pharmacist will verify the order in the CPOE system and dispense a new syringe labeled with the
computer-generated patient-specific label.

5. If there is no order entered for the patient or the medication will not be continued beyond the emergency
situation, the pharmacist shall enter an order into the CPOE system for the limited purpose of charging the
patient. The entry should be short-dated so that it is not active on the patient’s profile.

6. The pharmacy will be responsible for checking expiration dates and maintaining the par levels. Each night,
infusions that are outdated will be replaced or will be restocked as needed. The syringes will be stored in
labeled bins in the main pharmacy refrigerator.

7. Vasoactive stock (in the pharmacy or in ADCs) must be checked to prevent expiration.

ADC, automated dispensing cabinet; CPOE, computerized physician order entry; MDA, medication delivery assistant; par, the level at

which stock is replenished
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from the CICU. The medications most frequently
requested are listed in Table 2.

An informal survey in 2010 of the Medical
Director of the PICU and the nursing administra-
tive staff revealed continued satisfaction with the
current process. The pharmacists and pharmacy
director are enthusiastic about the program. There
has been no further process improvement opportu-
nities suggested to this point.

DISCUSSION

The creation of the ‘‘Urgent Drip Request’’ sheet
provides patients with high-alert, vasoactive medi-
cations in emergency situations. This form is
available on the intensive care units and can be
completed by the physician. All infusions listed on
the sheet are already prepared and stored in the
refrigerator in the pharmacy for immediate dis-
pensing upon receipt of the drip request sheet.
Through implementation of this process, the need
for nurse preparation of these drips in the unit has
been eliminated, stocks of high-risk medications
have been removed from the intensive care units,
and these agents are reliably prepared at standard
concentrations in an environment that is compliant
with United States Pharmacopeia regulations
,797..

In the time since program inception, a modifi-
cation has been made to improve rapid availability
of emergent infusions in the intensive care units.
The most frequently ordered infusions were deter-
mined to be dopamine, epinephrine, and norepi-
nephrine. These three agents have been made
available in the ADCs in all critical care units in
the hospital. All three agents are prepared at
concentrations that can be safely infused through
a central or peripheral line. When one of these
agents is removed from the ADC for a patient, a
medication order and a charge are automatically
generated in that patient’s profile in the CPOE
system. The pharmacy technicians assigned to refill
the ADCs are charged with maintaining par levels,

auditing expiration dating, and restocking syringes
as necessary.

As discussed earlier, the three most commonly
used vasoactive infusions, dopamine, epinephrine,
and norepinephrine, have been made available in
the ADCs in all critical care units in the hospital. A
problem resulted from variation in the method of
restocking the ADC with these infusions. All
epinephrine syringes in the PICU were set to expire
on the same day; the technician responsible for
restocking the machines removed all epinephrine
syringes from all ADCs located in the PICU with
the intention of replacing them later that day.
Shortly afterward, a PICU patient required one of
these syringes immediately and there was none
available in the unit. However, the ‘‘Urgent Drip
Request’’ sheet was still available, and the syringe
was supplied from pharmacy’s premade stock with
no significant delay in therapy. To remedy this
situation, technicians were instructed never to
remove syringes from ADCs without having re-
placements with them for immediate restocking.
Now assessment and replenishing of stock of these
infusions is performed several times daily at preset
times and this type of incident has not recurred.

In addition to moving the most commonly used
vasoactive infusions to the ADCs, an additional
modification has occurred. The PICU serves neuro-
trauma patients who may require an immediate
bolus or infusion of 3% sodium chloride for
prevention of secondary brain injury. Our institu-
tional practice is to dispense all 3% sodium chloride
intravenous orders in compounded 50-ml syringes
for use on infusion pumps as a patient safety
measure. However, the neurotrauma physicians
determined that the time required for preparation
of these syringes may be potentially harmful to their
patients. To rectify this problem, a stock infusion of
3% sodium chloride was added to the ‘‘Urgent Drip
Request’’ sheet to provide rapid availability of this
electrolyte.

This new emergency infusion process has shifted
the responsibility of drug preparation from the
nursing staff to the pharmacy, which benefits
patient safety. Avoidance of preparation of adren-
ergic infusions on the units eliminates the chance of
calculation and compounding errors by nursing
staff and physicians. It has been demonstrated that
any time nurses are forced to rush through
medication preparation, they are more prone to
calculation errors,2 especially in critical care units,
where patients are prescribed twice as many
medications as those outside of the intensive care
unit.3 Pharmacists have the opportunity to improve
patient safety by preparing all intravenous medica-
tions within the pharmacy department in a routine
time frame. As pharmacy personnel have received

Table 2. Most Frequently Requested Infusions During
August 2010 Through August 2011 Audit

Medication
Urgent Drip

Request Sheet ADC Machine

Epinephrine 41% 56%

Norepinephrine - 35%

Milrinone 33% -

Dopamine 13% 9%

ADC, automated dispensing cabinet
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specialized training in medication compounding,
preparation of stock infusion replacements within
the pharmacy represents a lower risk for com-
pounding errors compared to preparation of
infusions on the patient care unit. Pharmacy
technicians are able to focus their attention on
working at a reasonable pace, using standard
compounding instructions. Use of standardized
processes and standardized medication concentra-
tions has been shown to improve safety.3 Prepara-
tion of drugs in the pharmacy clean room using
aseptic technique reduces the risk of contaminated
parenteral solutions.

This method of providing critical care units with
premade vasoactive infusions for emergent situa-
tions is a truly innovative program. No published
literature exists on this type of process. The
vasoactive medications needed in these emergent
situations are often available only in concentrations
formulated primarily for adults.4 Patients at this
institution range from large adult size to neonates
that weigh less than one kilogram. This specialized
patient population requires extra calculations and
dilutions that significantly increase the possibility of
error,4 and by removing these responsibilities from
physicians and nurses, it may be concluded
improvements have been made to patient safety
and care through usage of standardized medication
processes as described and recommended in the
literature. It is also thought that the improvement in
turnaround time demonstrated by the data collected
in this project could have a positive effect on clinical
outcomes.

While it is difficult to quantify medication errors
due to inconsistencies in reporting, it has been long
demonstrated that error rates in pediatric patients
are even higher than those in adults, and have even
been reported to be as high as 1 in 6.4 orders.5 A
number of factors contribute to these higher error
rates, including the complexity of calculating
pediatric dosing, the extra steps required in
medication preparation, and the inability of chil-
dren, especially those that are very young, to
effectively communicate adverse drug events to
healthcare providers.4 Because these children are
still developing, they often have fewer internal
reserves to tolerate even the smallest errors.6

Process change recommendations that have been
demonstrated to improve patient safety include use
of CPOE and involvement of clinical pharmacists in
patient care decisions,3 all of which have been
implemented in this institution. In addition, there
are recommendations to limit and standardize
concentrations of high alert medications, which
are being accomplished by this program.

Although data are scarce regarding errors made
during critical care emergency medical situations,

Kozer et al7 demonstrated the high potential for
medication errors during resuscitation in a pediatric
emergency department. A number of mock resus-
citations were simulated by teams of doctors and
nurses who frequently participated in real resusci-
tations. Sessions were recorded, and then observed
for potential medication errors. Syringes prepared
during simulation were also collected and analyzed
for concentration and drug amounts. Medication
errors were identified in seven of the eight mock
resuscitations.7 Errors varied to include incomplete
orders by physicians (i.e., medications verbally
ordered without a specific dose), dosing errors,
errors in preparation and administration, and
variations in drug concentration in syringes pre-
pared during the simulation.7 This study once again
demonstrates the increased probability for errors in
a high-pressure, high-stress environment that exists
during a medical emergency. In this particular
study, 16% of syringes analyzed deviated at least
20% from the expected dose.7 It can be assumed
that in an actual emergency situation, there is an
even higher incidence of medication errors than
previously estimated because concentrations of
drugs administered are never analyzed. It has been
estimated that between 80 and 200 steps may be
associated with the administration of a single dose
of medication in a hospital.8 Providing these
vasoactive medications at a variety of ready-to-use
concentrations eliminates a series of steps where
errors frequently occur.

Limitations associated with this project include a
lack of preliminary data collected prior to the
implementation of the program. When the turn-
around time data regarding STAT infusions was
identified as an issue in the aforementioned 7-day
audit, the collaborative group felt that efforts were
best served by focusing on the process change in an
expedited manner rather than delving further into
more extensive data collection studies, due to the
nature of the medications. It is not ethically feasible
to measure and compare the previous method of
providing vasoactive medications to patients in a
head-to-head trial, as it could result in delay of
therapy and negative patient outcomes; however, it is
suspected that the availability of additional preim-
plementation data could have demonstrated a greater
impact of the process change and program value.

Another notable limitation is that the improve-
ment in patient safety as discussed can only be
described as a theoretical one. The actual patient
risks incurred with nurses preparing syringes at the
bedside in an emergency situation was not evaluat-
ed during this project. There have been no reported
errors in our institution involving the preparation
of infusions by the nurse under urgent conditions;
however, this is most likely because the error may
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have not been realized due to the nature of the
critical situation occurring at the time. There was
no process in place to analyze the composition of
those preparations.

The last limitation was the instance when
expiring infusion syringes were removed from the
ADC machines prior to their replacement. This
type of situation had never been previously
encountered. While the nursing personnel and
pharmacists received education and training, the
pharmacy technicians received minimal instruction
regarding the restocking process. This was resolved
with additional training.

CONCLUSIONS

This innovative pharmacy program addresses a
challenge that hospital pharmacies often encounter.
It allows for high-alert medication infusions to be
available in an expedited manner upon receipt of an
‘‘Urgent Drip Request’’ sheet and removes the
potential for a medication compounding error in a
high-stress environment by eliminating nurse prep-
aration of infusions at the patient’s bedside. As a
final point, it ensures that the product is prepared in
a clean environment. This process is prospectively
monitored and modifications are made as warrant-
ed. Changes that have been implemented since the
program’s inception include the addition of 3%
sodium chloride syringes to the ‘‘Urgent Drip
Request’’ sheet and the addition of frequently used
agents (epinephrine, norepinephrine, and dopa-
mine) to ADCs in all critical care units.

The program has been successful because it
addresses the physician’s desire for the immediate
availability of urgently needed medications while at
the same time maintaining the patient safety goals
set by the hospital and regulatory agencies. This
new process uses compounded, ready-to use vaso-
active infusions at various concentrations and a
mechanism for dispensing them. This program has
improved pharmacy efficiency in the provision of
safe patient care to critically ill pediatric patients.
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Appendix. Urgent Drip Request Form
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