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Intravenous administration of medications during an anesthetic:

a deceptively simple process
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Anesthesiologists administer at least one intravenous (IV)
medication in nearly every case. An ordinary anesthetic will
often employ 10 or more individual IV medications. Some
medications, such as muscle relaxants, opiates and propofol,
are administered IV multiple times. What are the steps, and
the pitfalls, in this routine process?

First, a treatment situation is recognized. However, this
may be missed. Then, the clinician formulates a diagnosis.
Unfortunately, the diagnosis may be erroneous. On the basis
of the diagnosis, the clinician chooses a medication to treat
the condition and proceeds to administer the medication via
the IV route. However, the clinician may choose the wrong
drug. The chosen drug may be contraindicated for a patient
allergic to the medication. He/she may choose the correct
drug, but prepare it improperly (e.g. an error in dilution),
administer an incorrect dose, or introduce contamination [1].
The administered drug must enter and traverse the fluid path
of the IV system to reach the patient’s circulation. Finally,
the clinician monitors the patient for the treatment’s effects.

Consider the example of new onset tachycardia in the
operating room. Does the elevated heart rate result from
hypovolemia, light anesthesia, hypoglycemia, a dysrhyth-
mia or some other cause? Is the appropriate therapy a fluid
bolus (crystalloid, colloid, plasma, red cells?). Should ther-
apy include deepening of the anesthetic (narcotics, inhaled
agents, dexmedetomidine, ketamine, lidocaine, propofol?).
Perhaps the situation necessitates emergency administra-
tion of glucose or treatment with a specific antidysrhythmic
agent (which one is the safest and most effective?)? Cogni-
tive loads or lack of knowledge contribute to error [2].

Consider the mechanical components of IV delivery
systems, which encompass the reservoir for the main fluid
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through to the intravascular catheter [3]. Unfortunately, the
mechanical features and performances of IV delivery sys-
tem components can go unappreciated [4]. In their report,
Kuntz and colleagues describe a careful investigation of
the properties of one component of an infusion system, the
administration port [5]. They measured the dead volumes of
administration ports with different designs (Y tubing, stop-
cocks, 1-way ports). The findings from their quantitative
in vitro model demonstrate a wide range of dead volumes.
These dead volumes can provide reservoirs of drugs availa-
ble for inadvertent bolus. With this information, they provide
estimates of potential unintended bolus doses of powerful
medications including epinephrine, heparin and insulin. As
Kuntz et al. point out, there are major implications for pedi-
atric patients. This is true because the same infusion system
components, e.g. stopcocks, may be used for both pediatric
and adult patients. However, the tolerance of a 2-3 kg infant
is vastly different than a 70-80 kg adult for the same mass
of drug. Imagine the implications of a bolus of epinephrine,
8 pg, for the infant versus an adult. Errors associated with
the dead volumes of injection ports potentially amplify the
impact of errors with injections of small volumes [6].
Kuntz et al. also explore the implications of the dead vol-
ume for blood sampling. The data provide insights into the
impact of dead volume on clinical assessment of key patient
parameters including oxygenation, ventilation and hemato-
crit, again with particular implications for the small patient.
One might hope that clinical practice would account for
infusion system component dead volumes, thereby miti-
gating risks for adverse events. Distressingly, the survey
data suggest variations in clinical practice even within
one department. An overall inference is that clinical prac-
tice may fail to provide safeguards [7], perhaps because of
lack of awareness of pitfalls or the distraction of stressful
clinical circumstances such as hemorrhage or an unstable
cardiac condition. Furthermore, hospitals may change sup-
pliers of IV system components because of cost or manu-
facturer shortfalls. Will clinicians recognize the potential
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for unfamiliar mechanical properties of components from
alternative suppliers and adjust their practices accordingly?

Adverse patient care events motivated the studies con-
ducted by Kuntz et al. The investigators demonstrate the role
of quantitative, root cause, analysis at a granular level for
understanding clinical events. Seemingly small factors can
have substantial impacts, with safety implications especially
for the most vulnerable patients. Perhaps what clinicians in
all areas of medicine perceive as simple and routine in daily
practices is often deceptively simple.
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