
Pharmacodynamic interactions: hypnotics and opiods 
 
In anesthesiology, unlike most medical disciplines, pharmacodynamic drug interactions are 
frequently produced by design.  Anesthesiologists take advantage of the pharmacodynamic 
synergy that results when two drugs with different mechanisms of action but similar therapeutic 
effects are combined.  These synergistic combinations can be advantageous because the 
therapeutic goals of the anesthetic can often be achieved with less toxicity and faster recovery 
than when the individual drugs are used alone in higher doses.  In fact, except for specific, limited 
clinical circumstances wherein a volatile agent or propofol alone are acceptable approaches (e.g., 
a brief procedure in a pediatric patient such as tympanostomy tubes or radiation therapy), modern 
day anesthesia is at least a two drug process consisting of an analgesic (typically an opioid) and 
an hypnotic agent.  Therefore, from a strictly pharmacological perspective, anesthesiology can be 
thought of as the practice of pharmacologic synergism using central nervous system 
depressants.
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The synergistic interaction between sedatives and opioids (e.g., propofol-remifentanil or 
sevoflurane-remifentanil as prototypes) has now been characterized using sophisticated 
“response-surface” methodology.
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  The response-surface approach creates a three-dimensional 

plot of the sedative and opioid concentrations versus drug effect, quantitatively describing the 
pharmacodynamic interaction of the two drugs. 

The response-surface method is an advance because it describes the drug interaction over 
the entire range of drug effect and thereby enables simulation from one clinical state to another.  
This is critical in anesthesia pharmacology because, unlike other therapeutic areas, 
anesthesiologists must quickly produce and then expeditiously reverse very profound drug 
effects.  Therefore, understanding how best to transition from the anesthetized state to the awake 
state is a key challenge for every anesthetic. 

The response-surface approach provides a scientific foundation to address this challenge.  
Combined with pharmacokinetic information, opioid-hypnotic response surfaces can be used to 
identify target concentrations of the two drugs that provide adequate anesthesia and yet optimize 
the recovery process (or other outcomes of interest such as drug acquisition cost or the analgesic 
state upon emergence.
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Consider for example, the pharmacodynamic interaction of propofol and remifentanil, a 
commonly used combination for the provision of total intravenous anesthesia (TIVA). Isoboles 
(i.e., “cuts” through the surface) for sedation and analgesia can be drawn to identify combinations 
of the drugs that produce the same probability of adequate effect.  The key question, of course, is 
which of the infinite number of possible combinations is best?  When combined with 
pharmacokinetic information (and pharmacodynamic knowledge about recovery), it is possible to 
identify the combination that produces not only adequate anesthesia but also the fastest 
recovery.  Because of pharmacokinetic influences, of course, the optimal combination changes 
with the length of the infusions.  A similar approach has also been used to identify the optimal 
combination of opioids and volatile anesthetics using sevoflurane and remifentanil as prototypes.
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The clinical application of these drug interaction models through the use of computer 
simulation constitutes a revolutionary advance in our understanding of anesthetic drug clinical 
behavior. Clinical display systems incorporating these response-surface drug interaction models 
are now being tested for real time use in the operating room as an approach to drug dosage 
optimization.
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Thinking about the clinical pharmacology of the modern general anesthetic in terms of 
response-surfaces represents a new conceptual framework to guide the formulation of rational 
dosing strategies.  The response surface is “navigated” in the sense that various points on the 
surface “map” are targeted at different times during the anesthetic to achieve the goals of the 
anesthetic (e.g., immobility, hemodynamic control, rapid emergence, good analgesia upon 
emergence, etc.).  Rather than simply thinking about sedatives and opioids in isolation, the 
response surface approach enables an in depth, clinically relevant understanding of the 
tremendous synergy that results when sedatives and opioids are administered together. 
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