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5 llg/kg/min. This method has the advantage of utilizing a
milliliter-per-hour rate that very simply relates to the
llg/kg/min dose. However, the disadvantage of this method
is that patient-based calculations must be performed in order
to make the IV solution.

With either of these methods, the mllhr rate may be too
large for some patients (e.g., if the patient requires fluid
restriction). To individualize the concentration of the
infusion, first multiply the llg/kg/min dose times the
kilogram weight, then multiply times 60 (minlhr) and divide
by the intended rate of infusion. For example, let's say we
wanted to deliver a dose of dopamine at 5 llg/kg/min to a
10-kg fluid-restricted infant at 2 mllhr. First multiply
5 llg/kg/min times 10 kg to get 50 llg/min; multiply this by
60 min/hr to get 3000 llg/hr; then divide by the intended rate
of infusion of 2 ml/hr to get a concentration of 1500 llg/ml.
For this patient, 2 mllhr of a 1500 llg/ml solution will
provide 5 llg/kg/min. This method has the advantage of
being able to select the amount of fluid that the patient
receives. However, it requires patient-specific calculations
in order to make the IV solution.

Each PICD team should decide which of these methods
to use to calculate continuous infusions of emergency
medications. Some institutions elect to use a combination of
methods. For example, standard concentrations can easily
be prepared by the PICD staff during emergency situations.
If the patient then requires fluid restrictions, the pharmacy
can perform the necessary calculations to concentrate the
infusion.

Changing patients from the IV route of administration to
the oral or enteral route can result in significant cost savings.
However, clinicians should keep in mind that patients
should not be switched to the enteral route until the GI tract
is well perfused and functioning. Otherwise, GI absorption
may be compromised and the pharmacologic effects of the
drug may be decreased. In addition, the oral versus IV
bioavailability of the specific medication needs to be
addressed when changing routes of administration (see
Absorption above). If a drug with low oral bioavailability is
gi ven orally in the same dose as IV, an underdose will occur
and minimal systemic effects may be seen. However, if a
drug with low oral bioavailability is given IV in the same
dose that is recommended orally, an overdose will occur and
toxicities will result. Thus the recommend dose of a
medication should be verified when changing routes of
administration.

PRINCIPLES OF DRUG INTERACTIONS
Interactions can occur between two drugs (drug-drug in­
teraction) or between a drug and a nutrient (drug­
nutrient interaction). Drug-drug interactions can be pharma­
cokinetic or pharmacodynamic in nature. Pharmacokinetic
drug-drug interactions result from alterations in absorption,
distribution, metabolism or elimination. Absorption may be
altered if a drug changes gastric pH, GI motility, GI mucosa
or flora, alters the first-pass effect, or complexes with an­
other drug in the GI tract. Drugs may affect distribution by
altering protein binding. Metabolism may be altered when
drugs inhibit or induce hepatic enzymes, or if two drugs

compete for metabolism by the same enzyme. Drugs may
affect excretion by altering renal elimination of unchanged
drug or hepatic elimination via the biliary tract. 27 Examples
of pharmacokinetic drug-drug interactions and drug-nutrient
interactions have been given throughout this chapter.

Pharmacodynamic drug interactions occur when one
drug modifies the pharmacologic effect of another. This type
of interaction may take place at the receptor level, may
include different cellular mechanisms of action, may in­
volve alterations of the cellular environment, or may occur
from the neutralization of one drug by another in the body.27

At the receptor level, drugs may act as agonists (by
stimulating the receptor), or antagonists (by blocking the
receptor). (Some drugs may act as partial agonists by both
stimulating and blocking the receptor.) An example of a
drug-drug pharmacodynamic interaction that occurs at the
receptor level would be albuterol and propranolol. Albuterol
is a B-adrenergic receptor agonist, and propranolol is a
B-adrenergic receptor antagonist (B-blocker). If these two
drugs are administered in the same patient, the bronchodi­
lation effects of albuterol would be blocked by propranolol.
Clinically, bronchoconstriction may be observed.

Two drugs may interact because of different cellular
mechanisms of action that may either increase or decrease
the pharmacologic response. For example, diuretics may
enhance the antihypertensive effects of captopril, and
indomethacin may decrease the antihypertensive effects of
propranolol. Each of these drugs has a different mechanism
of action. Drugs may interact by altering the cellular
environment. For example, diuretics such as furosemide
may cause hypokalemia which may increase the risk of
digoxin toxicities. Drugs may also interact by neutralization.
For example, protamine will neutralize heparin and reverse
its pharmacologic effects.

Clearly the PICD patient is at risk for drug-drug and
drug-nutrient interactions because of the many medications
that they receive. The clinician should be aware of these
problems and evaluate all drugs and nutrients for potential
adverse interactions. In addition, clinicians must be aware of
physical and chemical incompatibilities of IV medications.
Certain medications will precipitate with or inactivate other
medications. For example, when furosemide is injected into
IV lines containing amrinone or milrinone, a precipitate will
form. Aminoglycosides can be inacti vated by penicillins.
Sodium bicarbonate is incompatible with calcium salts,
catecholamines and atropine and should not be mixed with
or administered with other medications. Other incompati­
bilities of common PICD medications are listed in the
Appendixes.

In summary, PICD patients require many special phar­
macologic considerations. The age-related and disease state
differences of pharmacokinetics and pharmacodynamics in
these patients, along with the lack of appropriate dosage
forms and use of multiple medications, can pose a pharma­
cotherapeutic challenge for the clinician. By having a better
understanding of clinical pharmacology, including pharma­
cokinetics, pharmacodynamics, drug dosing, therapeutic
drug monitoring, medication administration, and drug inter­
actions, the PICD clinician will be better equipped to
optimize the care of critically ill children.
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