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Development of a Clinical Pharmacy
Practice in the Neonatal Intensive
Care Unit

Debra K. Gardner, Pharm.D.
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This presentation is about the
development of clinical pharmacy services
in the neonatal intensive care unit (NICU)
at Ohio State University Medical Center
which was published in 1990 in Topics in
Hospital Pharmacy Management.! 1 will
discuss how we documented the need for
clinical pharmacy services to the NICU and
the funding for these services. 1 will also
briefly discuss our regional perinatal
referral system in Ohio and my current
responsibilities as a Specialty Practice
Pharmacist for Women and Infants.
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Documenting the need for the
NICU clinical pharmacist

* 1987 medication errors & lawsuit
* Qut-dated drug distribution

¢ No medication profile review

« TPN errors and wastage

¢ No pharmacokinetic services

* No source of drug information,
compatibility, drug interactions
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During my Pharm.D. training in 1987,
I spent a month performing an audit of
pharmacy services to the NICU under the
direction of the associate director of pharmacy
Phil Schaeider. The purpose of the audit was to
document the need for a clinical pharmacist in
the NICU. [ analyzed the drug distribution
system, the neonatal total parenteral nutrition
(TPN) ordering system, therapeutic drug
monitoring, and the medication errors in the
NICU. Emphasis was placed on meeting
current standards of practice, legal and
accreditation standards, potential sources of
error, and patient safety in general. A review
of the literature revealed that it was becoming a
standard of practice to have a clinical
pharmacist in neonatal ICUs at large teaching
hospitals.™

Because the NICU remained one of
the only nursing units supplied through a
traditional dispensing system (non-unit dose),
patient profiles were not reviewed by a
pharmacist and no central medication profile
was available to aid in detecting drug dosing
errors, drug interactions, and incompatibilities
before a drug was dispensed. Many potential
sources of error were identified and steps in the
process where a clinical pharmacist could
intervene were also identified. Dilution of
medications, rates of infusion, and techniques
employed in administering medications were
found to be suboptimal.  Errors were common
in the TPN ordering system and wasle rales
were high. The pharmacy was not providing
any pharmacokinetic services to the NICU.

As 1 talk about each of my
responsibilities  as  the  NICU  clinical
pharmacist, 1 will discuss specific problems
identified in this audit and improvements made
in each area.
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Factors affecting funding strategies for new
clinical services

¢ Fee for service phasing out

* Diagnosis related groups (DRG)

* Health Maintenance Organizations (HMO)
# Prospective reimbursement

« Cost containment

* Improved patient care & safety
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. This necessitated

In the 1970°s era of monctary
reimbursement by fee for service, clinical
services were justified primarily on the
revenue that could be generated. As
pharmacokinetic  services were being
established,  justification emphasized
improved patient care, waste reduction, and
revenue generation. However in the mid-
1980°s fee for service was gradually
replaced by diagnosis rclated  groups
(DRGs) (a pre-set fee for each diagnosis),
Health Maintenance Organizations
(HMOs), and prospective reimbursement.
changing the tactic of
increased revenue generation to cost
containment  strategies when expanding
clinical services.

Prospective reimbursement should
be considered an opportunity for pharmacy.
Clinical pharmacists are in the best position
to affect prescribing patterns of physicians.
Clinical programs targeting cost
containment are readily gaining support ot
hospital administrators.
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Source of funding for clinical
pharmacy services

» Hospital administration

» College of pharmacy

* Medical staff support

* Research funding

¢ Fee-reimbursable services
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There are five main source of
funding for new clinical services. They
are  hospital administrative  support,
funding by a college of pharmacy, medical
staff support, resecarch funding, and fee-
rcimbursable services.  Implementation
of an entry-level Pharm.D. program at
Ohio State University is increasing the

number of rotation sites required.
Clinical positions in critical care,
pharmacokinetics, and ambulatory

services have been funded by the OSU
College of Pharmacy to provide new
clerkship sites.  The addition of an
HIV/AIDS clinical pharmacist at OSU

Medical Center was supported by a
National Institutes of Health research
grant.  Other positions such as our

outpatient pharmacist-run anticoagulation
clinic is based on a fee for service
reimbursement.

Despite several medication errors
in 1987 and a malpractice lawsuit, hospital
administrators did not provide funding for
a clinical pharmacist in the NICU.
Finally in September 1987, the pharmacy
administrative staff decided to hire a
clinical pharmacy specialist to provide
expanded service to the NICU even
without specific support. Savings tound
through decentralization and
discontinuation of some  outpatient
prescription services provided funding for
my position.
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Regional Perinatal Program

¢ A health care delivery system of 3 levels that
provides a coordinated, cooperative system of
maternal and neonatal health care within a
geographic area to assure the hest patient care and
utilization of medical personnel & facitities

* State of Ohio Perinatal Guidelines by the Ohio
Departiment of Health (ODH) Division of
Maternal and Child Health
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Before 1 discuss the
responsibilities of the NICU clinical
pharmacist, I would like to give you some
background information about the health
care delivery system for pregnant women
and their newborns in the United States.

A regional perinatal program is a
health care delivery system of three levels
that provides a coordinated, coopcrative
system of maternal and neonatal health care
within a geographic area to assure the best
patient care and utilization of medical
personnel and facilittes. The purpose of
regionalization of perinatal care is to
provide health care to all pregnant women
and newborns, to reduce perinatal
morbidity and mortality, and to prevent
wastage of money by the appropriate use of
perinatal center resources.

The state of Ohio regional
perinatal guidelines were developed in 1977
and are directed by the Ohio Department of
Health (ODH) Division of Maternal and
Child Health.
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Three levels of perinatal care

* Community Perinatal Center — Level |
#Uncomplicated patients
» District Perinatal Care Center — Level 11
# Uncomplicated & some complicated patients
* Regional Perinatal Care Center - Level 11

~Normal & serious maternal, fetal, & neonatal
illnesses-highest level of care, receives patient
referrals from level 1 & I facilities
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Level I community perinatal
centers are small hospitals and ambulatory
care facilities whose function is to provide
services primarily for uncomplicated
maternity and newborn patients.  Upon
detection of the high risk pregnant patient,
physicians consult with or refer and
transport these patients to level 11 or I
facilities.

Level 11 district perinatal care
centers are facilities located in larger urban
and suburban areas where the majority of
deliveries occur. These centers provide a
full range of maternal and necnatal services
for uncomplicated as well as the majority ot
complicated obstetrical problems and
certain neonatal illnesses. They have a
highly trained, multidisciplinary staff, and
modern well-maintained equipment.
Patients with severe obstetric complications
and some seriously i1l newborns may, after
consultation, be transferred to a Level Il
facility.

The level I regional perinatal
care center provides care for normal
patients, but especially for all serious
maternal, fetal, and neonatal illnesses or
abnormalities. Level III centers, besides
providing comprehensive multi-specialty
medical care, are also expected to provide
leadership in education and improve the
overall quality of care in the entire region
by developing and evaluating new concepts
and techniques in perinatal carc.
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Ohio State University Medical Center:
Level 11T Regional Perinatal Care Center

40 bed unit, neonatologist, 5 pediatric residents
Intensive Care Nursery: ODH Reguirements
+ Clinical nurse specialist

Sacial worker

Dietician

L
+ Respiratory therapist
« Physical therapist

Clinical pharmacist
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Ohio State University Medical
Center is a designated Level 111 Regional
Perinatal Center which trains physicians in
high risk obstetric and perinatal care. The
neonatal intensive care unit (NICU}) is a 40
bed wunit which has board certified
neonataologists and  trains  pediatric
residents, five of whom rotate to the NICU
each month. Besides having highly
trained physicians and nurses, the NICU is
required to have a multidisciplinary team of
support personnel including a clinical nurse
specialist, a social worker, a dietician,
respiratory therapist, a physical therapist,
and a clinical pharmacist. Other support
personnel include an audiclogist and a
pastoral care specialist.

Before 1987, the OSU Medical
Center’s NICU did not meet these
guidelines because there was no clinical
pharmacist officially assigned to the unit.
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NICU pharmacist responsibilities:
Drug distribution & administration

* Customizing drug products for neonates
# Standardizing drug concentrations
> Solubility & stability

* Drug storage

* Proper administration of IV medications
# Syringe pumps & microbore tubing

*Safe infusion rates
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Now, [ will begin discussing my
responsibilities as the clinical pharmacist in the
NICU. as I talk about cach of my responsibilities,
I will discuss specific problems identitied in my
1987 audit and improvements madce in cach area.

There are many technical problems
involved with preparing and administering drugs tc
neonates due to the patient’s limited fluid
allowances, small size, and inability to take solid
dosage forms such as tablets and capsules. Many
medications available only as tablets or capsules
must be compounded into liquid form.  Solubility,
stability, and palatability must be considered. A
concentration must be prepared to deliver a volume
compatible with the infant’s size and fluid
requirements. Injectable  medications  are
commercially available in concentrations that yiele
a sate volume for adults and children, but are often
too concentrated for use in small preterm infants.
For cxample, the volume of digoxin 0.1 mg/ml
nceded for dosing a 700 gm infant is less than 0.1
ml. This dose can be measured more accurately
using a 0.05 mg/ml dilution.

Another problem is the intravenous
infusion of very small volumes at a constant rate
Most infusion pumps are designed to deliver
hundreds to thousands of milliliters per 24 hours.
In neonates, however, an entire day’s tluid
requircment may be as little as 50 ml.  Precision
infusion of small volumes requires special syringe
infusion pumps and microbore tubing which
contains a total volume of 0.4 mL.**

The neonatal pharmacist assures that
drugs are properly stored within the unit so tha
deterioration and loss of potency do not occur.
For cxample medications should not be stored in
warm incubators and refrigerator temperatures
should be maintained between 36-46°F.

One of my accomplishments during the
first few years in the NICU was to standardize the
concentrations of medications used in the unit. 1
also developed written guidelines for infusion rates
and types of infusion devices for  certain
medications.
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NICU pharmacist responsibilities:
Drug information

* Pocket sized books for physicians
+ Neonatal drug monographs
~ Indications, mechanism of action
 Dosage, recommended concentration & method of
administration
» Adverse effecis, drug inferactions & compalibilitics
» Meonitoring parameters
¢ NICU pharmacy intranet site
* Patieat/parent drug information pamphlets
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A major responsibility of the clintcal
pharmacist is to field questions from the medical
and nursing staff regarding drugs and drug use in the
neonate. The pharmacist can provide a convenient
and reliable source of drug information. 1 am
always available to answer questions when 1 am on
the unit and by pager when [ am not.

I have writien neonatal drug monographs
for all the drugs used in the NICU.  Each
monograph contains the following information:
generic drug name, brand name, indications specific
to neonates, mechanism of action, proper dosage,
concentration, and method of administration for
neonates, adverse effects, drug interactions and
compatibilitics, and  monitoring  parameters
(appendix ). A notebook containing all the
monographs is available in the NICU and is also
accessible on the NICU pharmacy intranet site ]
recently developed,  Their casy access, emphasis
on neonatal use of drugs, and protocol for use at
OSU hospital make them more useful than most
standard references.

I have recently written a pocket-sized
booklet for the physicians to help them prescribe
medications and TPN for patients in the NICU. |
go over this information with them on the first day
of their rotation each month.  The pediatric
residents have found this booklet to be a tremendous
help to them throughout the month.

Another important responsibility of the
NICU pharmacist is to provide paticnt medication
information for parents who have o administer
medications  to  their  infants  after they arc
discharged.  Patient information pamphlets that are
available arc generally intended for adults and are
often inappropriate for babies.  The paticnt-parcnt
information pamphlets 1 developed include a picture
of a syringe so that the exact dose and volume
prescribed for the infant can be drawn in. This is a
great help to parents who are not familiar with using
oral syringes to draw up tiny doses, (Appendix 2)
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NICU pharmacist responsibilities:
Monitoring drug therapy

* Review patient medication profiles

¢ Double check dosages

* Monitor fab indices

+ Participate on daily physician rounds

¢ Monitor for response & adverse effects

* Suggest alternalive therapy
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The pharmacist reviews each
infant’s complete drug therapy profile daily
to assure appropriate drug therapy and to
insure that there are no drug interactions.
Drug  dosages, timing of  drug
administration, the route of administration,
other concurrently administered drugs,
including IV fluids are also reviewed.
While monitoring the infant’s drug therapy,
the pharmacist identifies specific objective
parameters that serve as a guide for
determining response as well as potential
adverse effects or toxicity. The adoption
of expanded parameters for monitoring
drug effects has provided additional
information to quantitate the effects of drug
therapy and has stressed the importance of
appropriate drug selection, administration,
and observation. Questions or comments
regarding therapy or suggestions regarding
changes in therapy are discussed during
physician rounds. Being involved at the
time when drug therapy decisions are being
made gives the pharmacist the opportunity
to suggest new therapeutic agents for the
most cost-effective therapeutic effect while
minimizing the risks of adverse effects.
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NICU pharmacist responsibilities:
Pharmacokinetic dosing

* Order serum drug concentrations when
appropriate
» Gemamicin, tobramycin, vancomycin
#Theophyliine, caffeine
# Phenobarbital, phenytoin
» Interpret drug concentrations

* Document in patient chart
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Knowledge of the pharmacokinetics of
drugs in the neonate helps the pharmacist make
appropriate  adjustments in  the infant’s drug
regimen.  Premature infants have an increased
volume of distribution for most drugs mainly duc
to a large total body water compartment ((1.75 1kg)
compared to adults and very low concentrations of
serum albumin.  Immaturity of the premature
infants’ hepatic function results in a reduced rate of
metabolism  of many  drugs. Developmental
changes in renal clearance create differences in
dosage requirements for infants as compared o
adults. The low glomerular filtration rate in
neonates slows the clearance of drugs such as
penicilling and aminoglycosides and prolongs their
half-lives in the neonatal period.  Drugs that
commonly require pharimacokinetic dosing in the
NICU include gentamicin, tobramycin,
vancomycin, theophylline, caffeine, phenobarbital.
and phenytoin.

Since neonates  have a total  blood
volume of 80 ml/kg, serum drug concentrations
should be ordered onty when absolutely necessary.
During the audit of the NICU I did in 1987 to
prepare for this position, | found that many of the
drug levels that the physicians ordered were
unnccessary or drawn at inappropriate times and
the use of inferior drug administration techniques
made many of the levels impossible to interpret
Another problem I identificd was that serum drug
concentrations were ordered and drawn and then
never  interpreted, so  dosages  remained
subtherapeutic or potentially toxic.  Therefore, in
my practice, | insure that drug concentrations are
only ordered when they are reatly nceded.  Daily
physician rounds provides an cffective sctting for
soliciting pharmacokinctic consults for patients
that require individualized dosing and for teaching
the physicians optimal times to order levels. |
then do thc pharmacokinetic calculations, make
dosage recommendations to the physicians, and
document this in the patient’s chart.
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NICU pharmacist responsibilities:
Optimizing infant nutrition

= Nutrition is most important therapy

* Teach pediatric residents to prescribe
parenteral nutrition

e Monitor infant growth & nutrition

* Recommend changes to oplimize nutrition

Standardized TPN order form
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On¢ of the most important thcrapies a
premature infant receives is nutrition. . Many premature
infants arc too sick and immature to be feed enterally
and therefore require total parenteral nutrition.  This is
a subject in which physicians receive little training in
medical school. | inservice the pediatric residents
during the first weck of their rotation each month and
teach them how to prescribe neonatal TPN,

The lack of pharmacy input into the neonatal
TPN ordering system was also evident in the results of
my 1987 audit. The neonatal TPN ordering system had
not been modified in over ten years. Formulas were
not standardized, new products specifically designed to
meet the needs of the premature infant such as vitamins
and trace elements and automated, high-speed
compounding devices were not being used. The
existing TPN order card did not provide a permanent
record of the physician’s orders and required manual
transcription by the nurse before being sent to the
pharmacy for compounding.  Phosphate salts were
often not ordered because potassivm  phosphate  had
been inadvertently omitted from the from the printed
order card.  The process was incfficient, costly due to
the high wastage rate, and created many potential
sources of error, To simplify ordering and insure
that nconatal TPN always contained all essential
ingredients, a standardized TPN formula that still
provided flexibility in dextrose and amino acid content
was designed and printed on a duplicate physician’s
order form." The standardized solutions were easily
adapled to a high-speed automatcd compounding
device, making order entry and preparation faster and
more accurate.  An annual time savings of 183 hours
tor order entry and 1,100 hours for TPN preparation
allowed reallocation of 0.5 pharmacy technictan full-
time equivalents (FTEs). The cost of ingredicnts was

reduced and amounted to an  annual savings of
$6,060.00° Having a clinical pharmacist on the unit

was another factor in reducing TPN waste. | closcly
monitor all paticnts on TPN and know their nutritional
and metabolic needs. I work closely with the
physicians fo optimize infads’ nutrition and in
prescribing TPN. 1 know when critical changes are
necessary and when changes that are minor can wait
until the next day. | also know when an infant’s TPN
15 likely to be discontinued.  This information can be
relayed to the pharmacy quickly and casily.
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NICU pharmacist responsibilities:
Emergency drug supplies

* Neonatal emergency drug box
* Participate in “code blue™

r Calculate doses

» Prepare dosage for administration

* Maintain & update “crash cart”
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The pharmacist works with the
physicians and nurses to determine which
emergency drugs and what quantity should
be maintained on the unit. I developed a
sealed, self-contained emergency drug box
or “crash cart” specifically for neonates. 1
stock, maintain, and update four of these
boxes; two are in different areas of the
NICU, one is on the transport cart for
emergency births that occur outside the
obstetric units, and the fourth is located in
the healthy baby nursery. [ have alsc
developed a neonatal resuscitation kit
containing six essential medications for
each delivery room.

The pharmacist is a member of the
“Code Blue” team and prepares the
medications and calculates dosages for
infants suffering respiratory and/or cardiac
arrest.
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NICU pharmacist responsibilities:
Teaching

= Preceptor for Pharm.D. students &
pharmacy residents

* Teach pediatric residents

¢ Provide continuing education for nurses &
pharmacists

¢ Quarterly competency-based nursing
orientation for Region IV perinatal nurses
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Teaching is a major part of my job. |
also hold the position of Assistant Professor of
Clinical Pharmacy at the Ohio State University
College of Pharmacy and I precept Pharm.D
students, graduate students in  hospital
pharmacy, and pharmacy practice residents. ]
also teach classes in pathophysiology and
pharmacotherapeutics.

I teach neonatal pharmacotherapeutics
and nutrition to the pediatric residents in the
NICU. I provide continuing education
classes for nurses and pharmacists.

As a Leve! I1I Regional Perinatal Care
Center, OSU Medical Center has a Perinatal
Education  Department  that  provides
continuing education to all of the perinatal care
centers in our region. I am the only
pharmacist in that department, so [ am
constantly in demand for presentation of a
variety of drug therapy topics. [ also present
three hours of lectures as part of a quarterly
competency-based nursing orientation program
for all new perinatal nurses in our region.
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NICU pharmacist responsibilities:
Research

¢ Clinical research

¢ Develop drug use protocols

¢ Periodic drug utilization reviews

« Monitor & report appropriateness of drug
usage
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About 10% of my time is devoted
to clinical research. Graduate students
assist me in clinical research projects. |
have proposed ideas and helped develop
and carry out research proposals for
obstetric and pediatric fellows.

Developing drug use protocols to
insure that drugs are used appropriately and
in a cost-effective manor and documenting
and analyzing trends in drug use are also
part of my research responsibilities.
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