NICU pharmacist responsibilities:
Continuous quality improvement
* Documentation of medication errors
* Monthly NICU Quality Assurance Meetings
* Track trends in medication errors

* Change policies & procedures to reduce
medication errors
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A review of the medication errors
submitted to the departments of pharmacy
and nursing from January through March
1987 showed a total of eight medication
errors from the NICU.  This rate of
medication errors was higher than that of
other nursing untits and was determined to be
unacceptable by the Risk Management
Committee. Review of the literature
revealed that calculation errors in pediatric
patient populations are a common problem.”
Folli et.al. demonstrated that instituting
clinical pharmacy services reduces the
incidence of medication errors in children’s
hospitals.”

Through documentation of
medication errors and monthly reporting of
these errors at our NICU Quality Assurance
Meeting, we can track trends in errors and
identify factors that increase the risk of
errors. This allows us to change policies
and procedures to reduce the risk of errors.
One example of this happened in the first
year of my practice. I discovered a
tenfold error in a vancomycin dose during
routine serum drug level monitoring.
Although the correct dose was ordered and
charted, extremely high vancomycin levels
prompted me to investigate and resulted in
the discovery of a decimal point error in the
labeling of the vial dispensed from the
pharmacy. Standardized concentrations,
which  were more diluted than those
previously used, were established and a
policy was developed for dispensing all
antibiotics in unit dose syringes.  This
change was welcomed by the nurses and has
virtually eliminated wrong dose errors.
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NICU pharmacist responsibilities:
Cost reduction

* Adherence to drug formulary

* Appropriate use of drugs

* Development of drug use protocols
»New expenstve drugs

* Periodic drug use review

» Albumin, erythropoetin
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As 1 have been mentioning
throughout this presentation, cost reduction
is one of my job responsibilities. Steps
toward the goal of cost containment focused
initially on reducing waste and providing
more efficient methods of drug delivery.
Another way our hospital holds down drug
costs is by having a strict drug formulary.
For example, of the over 20 cephalosporins
available, OSU only has three on the regular
formulary and two others can be used on a
“restricted use only” designated by our
Pharmacy and Therapeutics Committee.
When the physicians in my unit order a non-
-formulary drug, 1 suggest changing it to a
therapeutic equivalent that is on our drug
formulary. T have found compliance with
this cost reduction strategy to be very good.

Another way to hold down drug
costs is to develop drug use criteria
especially for new expensive drugs. This
helps educate physicians as to the proper use
of these medications and helps avoid using
them on patients that do not fit the criteria.
Pertodic drug use reviews document
physician compliance with these protocols.
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Summary

» Clinical pharmacist is impontant part of
NICU team

» Improvements in drug prescribing and
administration

+ Important role in teaching
* Holding down drug costs
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The results of the 1987 audit of
NICU pharmacy services documented the
need for creating the position of neonatal
clinical pharmacist, someone who would
provide services in several areas including
error prevention and documentation,
teaching, pharmacokinetics and nutritional
support, and containment of drug costs in
the NICU. Expertise in dosage forms,
drug compatibility and stability and
methods of drug delivery to this unique
patient population were also needed. A
clinical specialist in neonatal therapeutics
who could interact effectively with the
physicians and provide safe, rational, and
cost-effective drug therapy in the NICU
was desirable in this position.

I have taken  on these
responsibilities as well as many others in
the 13 years | have been the clinical
pharmacist in the NICU. [ love my job
because 1 am an integral part of the NICU
team and my job is always interesting and
challenging.
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Appendix 1
Dopamine NICU Monograph

Descriti |
Inotropic, chronolropic agent.
Peripheral vasopressor.

Stimulates dopaminel and dopamine2 receptors directly. Stimulates endogenous release of norepinephrine
from storage vesicles in presynaptic adrenergic nerve terminals.

Dopaminel receptors : Located in renal, mesenteric, coronary, and cerebral vascular beds, Stimulation
causes vascular smooth muscie reiaxation, resulting in vasodilation. Increases blood flow to these areas.
Results in increased GFR and increased urine output.

Dopamine2 receptors: Located in presynaptic nerve terminals in carotid body, anterior pituitary, and GI
tract. Stimulation inhibits NE release in these areas, resulting in decreased hypoxic TSH release from
anterior pituitary.

indicati
Shock: Cardiogenic shock from asphyxia, myocarditis, scpsis
Hypotension unresponsive to fluid expansion.

Heart failure with hypotension and decreased urine output.

Poor urine output due to prerenal causes or indomethacin therapy.
Used with Pavuion to counteract its peripheral vasodilatory effect.

PI okineli
Metabolism & Excretion: Rapidly metabolized by monamine oxidase in blood and tissues. Major
metabolite is norepinephrine which is then further broken down by monamine oxidase.

Dosage.and Administrati

Continuous 1V: a central venous line is the preferred site in adults, UVC in neonates. Second choice is a
peripheral line in neonates. Do NOT administer via UAC. *Must be administered via syringe pump and
microbore tubing. When physician orders 60 mg/100 mL, Pharmacy will send 30 mg/50 mi. syringe.
Note: Base dose on wet weight since drug will distribute into edematous fluid, lowering intravascular
concentration.

Dosc {(mcg/kg/min)  Response
Low 1-5 Primarily dopaminergic effects.
Increased RBF, increased GFR.

Intermediate 5-10  Increased cardiac output (B1).
May see increased blood pressure.,

High 10-20 Combined B1 and B2 and alpha
effects.Increased CO, BP, SVR.

>20) Severe vasoconstriction. Poor
peripheral perfusion, hypertension,
decreased RBF, and increased MvO2,
increased heart rate,arrhythmias.

Side Effects/Toxici

Tachycardia, arrhythmias
Hypertension



Excessive vasoconstriction of peripheral vessels may lead to gangrene. Blanching at IV site (try a more
dilute solution).

In patients with pulmonary hypertension, dopamine can increase pulmonary vascular resistance.
_Peripheral extravasation: Can lead to local ischemia, ulceration, tissue sloughing or gangrene. Treat by
discontinuing dopamine infusion and leave IV line in. Infuse phentolamine (Regitine®) 1-5 mg diluted in
1-5 mL NS or use hyaluronidase (Wydase®).

Accidental overdose or bolus: Expccl intense vasoconstriction, no capitlary refill, decreased urine output,
hypertension, risk of IVH, arrhythmias. Discontinue 1V immediately.

V Solution ibili

dextrose solutions, saline solutions

5% sodium bicarbonate

Terminal Site € bil

aminophyliline, ampicillin, calcium salts, chloramphenicol, diltiazem, dobutamine, enalaprilate,
fluconazole, gentamicin, heparin in 0.9% NS, hydrocortisone, lidocaine, lipids, methylprednisolone,
morphine, penicillin G, piperacittin/tazobactam, potassium chloride, rantidine, tobramycin, TPN

Terminal Site Incompatibili

acyclovir, amphotericin B, cefepime, furosemide, heparin in D5W, indomethacin, insulin, iron salts

Heart ratc, blood pressure, MAP, TcPO2, ABG, peripheral circulation, acid-base status, urine output,
Meonitor 1V site: blanching, cyanosis, pallor, coolness. If severe, change IV site. Try a more dilute solution

of dopamine, ie. 30 mg/100 mL.

Product Availabili

Dopamine (Inotropin®) 400 mg/10mi vial.
Must be diluted prior to administration,

Standard Dilution: Dopamine 30 mg in D5W 50 mL IV syringe

When physician orders 60 mg/100 mL, please send 30 mg/50 ml in a syringe 5o it can be administered via a
syringe pump and microbore tubing

Pharmakon Maemonic: DOPASYR30

For severe fluid restriction only: Dopamine 60 mg/50 mL syringe
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Ferrous Sulfate
(Iron Supplement)

Dosage
Schedule

Medicine Use:

Ferrous sulfate (iron) is a mineral which is given to babies as a dietary supplement.
Iron is used by the body to help produce red blood cells and help prevent anemia (low
amount of red blood cells). This treatment may be necessary if the diet does not
have enough iron or if your baby is anemic.

General Information:
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» The medicine may be mixed with a small amount of formula and fed through a
nipple. It can also be given directly from the syringe into your baby's mouth.

« Take the plunger out of the syringe and wash it in warm water and allow it to
dry. Throw the syringe away when you can no longer read the numbers.

Side Effects:

» Stools often become black when iron is given. This is caused by unabsorbed
iron and is harmless.

» Some babies develop one or more of the following symptoms while getting this
medicine.

= Constipation
+ Red streaks in the stool
= Dark urine

Cali your pediatrician if any of these above symptoms do not go away or if you have
any questions.

® It is very important to keep this medicine out of the reach of children.
Accidental overdose is very serious. Contact the Poison Center at
1-800-682-7625 or your doctor immediately if this should occur. Symptoms of

overdose include:

« Diarrhea (may have blood in it)
» Nausea and vomiting
« Sharp stomach pain

© Copyright, Vi D 12 {32) Ph
Department of Pharmacy
The Ohio State University Hospitals



Development of a Clinical Pharmacy Practice in the Neonatal Intensive Care Unit
Debra K. Gardner, Pharm.D.
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Pharmacist-Initiated Hyperemesis
Gravidarum Protocol

Debra K. Gardner, Pharm.D.
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In this presentation, 1 will begin
by discussing hyperemesis gravidarum
(HEG), its incidence, pathophysiology,
and common treatments, including those
that work and those that do not work.
Then I will discuss how I became involved
in the treatment of these women and 1 will
present a small study comparing my
treatment protocol with the treatments the
obstetricians were providing before my
involvement.

Hyperemesis gravidarum (HEG)
is defined as intractable vomiting in
pregnancy that causes dehydration,
electrolyte disturbances, nutritional
deficiencies, and weight loss
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History of Hyperemesis
Gravidarum (HEG)

» Documented on papyrus since 2000 BC
s Soranus Gynecology 2 A.D.
o Termination 1st reporied for HEG: 1813

e HEG considered an indication for abortion
starting in 1852

+ Charlotte Bronte died of HEG in 1855
» 14% rate of therapeutic abortion: 1930°s
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Nausea and vomiting have been
associated with early pregnancy since the
beginning of time. Nausea and vomiting
in pregnancy was documented in a
physician’s papyrus dated 2000 B.C. and
was written about in Soranus’ Gynaecology.
a medical text from the second century
A.D.

Before intravenous fluid therapy
was possible, hyperemesis was a major
cause of maternal mortality.  In fact,
therapeutic abortion was introduced in 1813
as a treatment of hyperemesis grav:darum
Charlotte Bronte, the famous 19th century
author of Jane Eyre died of hyperemems in
1855 in her fourth month of pregnancy.”

58,0 & @3 A B, Rtk o B
BTN TEE LA ERPORLD -
ME i i 42 BT 20004 DIARHEE D/ E )L
2Z5ad b, -, B 2EORY
#  Soranusi ABIZEIZEEEH TN TL
F3' .

%m*ﬁﬁ?&ﬁiﬁbﬁj%tﬁéuﬁﬁ

T BHIZRBOKXTCOERERFERTL

. BE, HIRBFEOEEE L TI1813

DRI BN S TWET
IQtE%B\ Jane Eyred® &3 . Charlotte
Bronteld 18554k 4 » B B TEKIZ
IO LTWET?,




Hyperemesis Gravidarum
Incidence

* Nausea & vomiling occur in 56% of all
pregnancies

HEG: Clinically significant in 0.3-1%
* More common in urban areas

+ Rare in native Americans, Eskimos, Asians

T e SETH
L

CBEL - RHEETOERDS6%ICES S

CATERB 03 1% THIEKNICHETH D

BT L b Ay

T AUNEFER, 22X T—, FU7 A
T

Vomiting has been reported to
occur in 56% of pregnant women.’

Hyperemesis gravidarum, defined as
intractable vomiting in pregnancy that
causes dehydration, electrolyte

disturbances, nutritional deficiencies, and
weight loss, however, occurs with an
incidence of 3.5 per 1000 deliveries.'™* 1t
ts more common in urban areas than in
rural populations and it is rare in native
American, Eskimo, African, and Asian
societies.’
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Factors associated with HEG

s Primigravida

* Women < 20 years old

* Nonsmokers

* Weight > 170 pounds

* Multiple gestation

e Intolerance to oral contraceptives
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In affected populations, it is more
common in women who weigh greater than
170 pounds, nonsmokers, twin pregnancies,
trophoblastic disease, and in women
younger than 20 years.! Hyperemesis is
most common in first pregnancies and tends
to recur in subsequent pregnancies.
Epidemiologic studies indicate that women
with nausea and vomiting in pregnancy
have a statistically significant decreased
risk of miscarriage in the first 20 weeks.”
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Etiology of HEG

Disease of theories

* Nutritional deficiencies
pyridoxine
magnesium
zinc
¢ Autonomic nervous system dysfunction
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Although the exact cause of
hyperemesis gravidarum is unknown, there
are many theortes as to its etiology. HEG
has been described as the "disease of
theories™ and it is probably multifactorial in
origin. Pathophysiologic theories include
endocrine, psychologic, autonomic nervous
system dysfunction, gastric dysrhythmia,
and nutritional deficiencies.” Nutritional
deficiencies that have been implicated
include pyridoxine  (vitamin  B6),
magnesium, and zinc. However, controlled
studies have failed to show a difference in
- the levels of these nutrients in women with
hyperemesis.”
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Etiology of HEG

Psychological factors

. 'r incidence during war and famtne
* Seen only in human pregnancies

* Hypnosis sometimes effective

* Placebo effect up to 75%

. ‘“incidence of social problems
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Throughout history psychogenic
reasons have been thought to contribute to
the pathogenesis of HEG. Hyperemesis
was thought to represent a somatic
expression of psychological conflict or
psychiatric  illness  exacerbated by
pregnancy.! There are many studies that
support this theory including the fact that
up to 70% of hyperemetic women respond
to some degree to placebo.! HEG also
only occurs in human pregnancies, 1s
sometimes treatable by hypnosis, and the
incidence of the disorder decreases in
wartime and in times of famine.’
Contrary to this belief, many studies have
found no difference in the incidence of
psychological disorders in women with
and without HEG.
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Etiology of HEG

Gestational hormones

Beta-human chorionic gonadotropin (hCG)

* levels peak in 1st trimester
* HEG resolves when hCG &

Estrogens

Progesterone
» decreases smooth muscle motility

* prolongs gastric emptying
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Gestational hormones have long
been thought to contribute to hyperemesis.
Some researchers have found serum human
chorionic gonadatropin (hCG) levels to be
higher in hyperemetic women than in
normal pregnant controls.”" High levels of
estrogen may play a role since women that
suffer nausea and vomiting while taking oral
contraceptives are more likely to have
hyperemesis when pregnant. Progesterone
may contribute since it prolongs gastric
emptying time and decreases smooth muscle
motility. However, no difference in
estrogen or progesterone levels have been
found in women with HEG.
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Etiology of HEG
Gastric dysrhythmia/dysmotility

* Dysfunctional gastric pacesetter

= Retrograde gastric contractions

+ Tachygastria or bradygasiria

* Relaxation of lower esophageal sphincter
causing reflux

* Decreased gastric emptying

* Gastric motility adapts by 2nd trimester
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A recent theory of the pathogenesis
of HEG sites a dysfunctional gastric
pacesetter as the core of the problem. *7
This is characterized by  reversed
gastroduodenal peristaltic waves resulting in
regurgitation of duodenal contents into the
stomach and nausea and vomiting. The
retrograde gastric contractions result in
reflux of gastric contents into the esophagus
even in the absence of food. This is more
pronounced during the liquid phase than the
solid phase of gastric emptying. This is
thought to be due to maladaption of the GI
tract to gestational hormones and because
adaptation occurs by the end of the first
trimester, gastric motility resumes and
hyperemesis ceases.
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Hyperemesis Gravidarum Clinical
Features

* Onset 4-6 weeks, resolution 20 weeks

* Presents with intractable vomiting,
dehydration, electrolyte imbalance, ketosis

* Weight loss > 5% body weight
e Ptyalism (excessive salivation)
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Hyperemesis gravidarum begins
between the fourth and sixth week of
pregnancy, often before the woman
realizes she is pregnant.  Symptoms
usually improve by the 15th to 20th week
of pregnancy, although some continue to
have frequent relapses  throughout
pregnancy. Most affected women have
numerous episodes of vomiting throughout
the day without symptom-free periods.
This leads to weight loss, dehydration,
electrolyte disturbances, ketosis, and
acetonuria requiring hospitalization. These
women present to their physicians with
weight loss of five to twenty pounds,
however, since many are overweight to
begin with, they may not appear
malnourished on  visual inspection.
Ptyalism, or excessive salivation, often
accompanies HEG and some require an
emesis basin to expectorate into.
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Hyperemesis Gravidarum
Lab findings
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Laboratory findings at the time ot
presentation include increased ketones and
increased urine specific gravity associated
with an increased blood urea nitrogen.
There is often an increased hematocrit
indicating a contracted blood volume.
Electrolyte derangements include decreased
potassium, chloride, and magnesium levels.
In some patients an increase in liver
function  tests, such as  aspartate
aminotransferase, alanine aminotransferase,
or bilirubin occurs.?
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Hyperemesis Gravidarum

AU S

Ditferential diagnosis kylae
*+ Gastroenteritis - Wi
* Peptic ulcer disease - i
* Severe esophageal reflux - BER LR EN S
* Gastroparesis S AhemE (F 7 hE)
* Gall bladder disease - B R
¢ Pancreatitis - R
¢ Hepatitis C P
Other causes of nausea and R S IIBER O, BB A hs

vomiting unrelated to pregnancy, such as
gastroenteritis must be ruled out before the
diagnosis of hyperemesis can be made.
Conditions such as diabetic gastroparesis,
peptic ulcer disease, gall bladder disease,
hepatitis, renal dysfunction, hypercalcemia,
and hyperparathyroidism can all be
associated with nausea and vomiting.
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