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Fig.18.22 A pharmacodynamic model for the analgesic effect of fentanyl. The green area represents the
dynamic range, the concentration range where changes in concentration lead to a change in effect. Con-
centrations above or below the dynamic range do lead to changes in drug effect. The C50 represents the
concentration associate with 50% probability of analgesia. Gamma (y) represents the slope of the curve in
the dynamic range.

Dynamic range

Probability of analgesia

saxal effect site L 5Bgw 5)ls 51 Joe 10 g)ls Jlasl Sleyo clad Laa> g o, (cbster (e 5)10 Ggaml s B 1 jB g
A8 36 S 0lrd 0 Ol @ )0 ey 3l o 5 e B ey (g 5o gl St sl 0gdiee
355 oo 0dxals (NYSLEreSIS) L) yiwad 5l Jove yo ciale JiSTas g Lowdly jiSTas cdale o 150 ol 0 oo osmlice Sloys

(Ve L)) uduolioo a4z 1) F1SQ sl gl 5L 9590 59,19 Hlade Y
Concentration (s Systemic Effect (z Potency (o Efficacy (!

FYYF aomio Lo VA o sy 4
b Jblay doar ) Jle Y7 9 VA Lad iy )las

il e o el i) b bl 5 Slu sy 4 VFe s BOYAF sl Jlo o pi5 slagenl 5 @Ylges ST i o ags A




£
E

i) Miller 3

Potency and Efficacy

@ Plo cdale abal) a5 olagls (sl 05 oo eoliin] (cwiigy oy sl p Coo ol SIS sl 6l 23 69510 Gliae (omiigy
WS oy S Censly Caon 4y (Gmie a5 glag o sl o] e g sl 5ig98 g)l0 (SzgS Cro) Wi oo i o oo
Sl golo

Jsd S oo 1 2STas adgs a5 Slag b auS e JUsl 1) jeien) SO 85 31 S0 alds 40 510 (saiedgw (s 505l Efficacy

55l 'als‘stw.sc,w,f.s;T QS oo Sbul iSTas )'I)s‘pS)ﬁlAS‘s{lmQTg...\s)b el CansigS |

(ﬂﬂ 0)9.3) S| )J} é)‘s.o )" &,ﬁ‘»\s om&&w 5)‘¢ clalé » M 5)‘0 )I..\.E.o clbs)‘é M’SLO)B )y )é _‘ﬂ

Plasma volume (o Volume of distribution (&JI
Drug dosage (s Estimated clearance (z
FAY amino Al el 21

39°

(Wb oo oo Hloms abasly (p) w0365 pom> =

Tank volume =
1 Liter

Concentration = 10 mg/L
Amount of drug at time 0 = 10 mg
Volume of distribution = 10 mg/(10 mg/L) =1L
FIG. 18.1 Schematic of a single-tank model of distribution volume. The group of blue drops emerging from the pipe at
the top right represent a bolus dose that, when administered to the tank of water, evenly distributes within the tank.
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FIG. 18.29 Summary of drug interactions in humans and animals for hypnosis (loss of responsiveness in humans, loss
of righting reflex in animals) and immaobility (loss of movement in response to a noxious stimulus). The numbers in
each cell refer to the number of papers supporting the finding. a2 Agonists include dexmedetomidine and clonidine.
Opioid agonists include morphine, remifentanil, fentanyl, sufentanil, and alfentanil. Dopamine agonists include
droperidol and metoclopramide. Na+ (sodium) channel antagonists include lidocaine and bupivacaine. The letter “a”
indicates the interaction was characterized in an animal model. The thick diagonal line separates studies characterizing
drug-drug interactions of hypnosis (bottom half) and immobility (top half). GABA, Gamma aminobutyric acid (GABA
agonist drugs include propofol, thiopental, methohexital, and etomidate; GABABDZ agonist drugs that work via
benzodiazepine binding site include midazolam and diazepam); NMDA, Nmethyl-D-aspartate (NMDA receptor
antagonists include ketamine) From Hendrickx J, Eger El 2nd, Sonner JM, et al. Is synergy the rule? A review of
anesthetic interactions producing hypnosis and immobility. Anesth Analg. 2008;107:494-506.
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Fig. 18.23 Pharmacodynamic models for fentanyl congeners. The C50 for each drug is different, but the
slope and maximal effect are similar. (From Egan TD, Muir KT, Hermann DJ, et al. The
electroencephalogram (EEG) and clinical measures of opioid potency: defining the EEG-clinical potency
relationship (“fingerprint”) with application to remifentanil. Int ] Pharmaceut Med. 2001;15(1):11-19.)
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Fig. 18.24 Pharmacodynamic models for various fentanyl effects. EEG, Electroencephalogram. (From Egan TD, Muir
KT, Hermann DJ, et al. The electroencephalogram (EEG) and clinical measures of opioid potency: defining the EEG-
clinical potency relationship (“fingerprint”) with application to remifentanil. Int ] Pharmaceut Med. 2001;15(1):11-19.)
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Fig. 18.25 Median effective dose (ED50), median lethal dose (LD50), and the therapeutic index. The blue curve
represents the dose-effect relationship for a sedative hypnotic to achieve unresponsiveness. The red curve represents
the dose-effect relationship for the same sedative hypnotic to achieve death. The therapeutic index is the ratio of the
LD50/ED50, which in this example is 400. Also of interest are the ED99 and LD1. The ED99 is the dose with a 99%
probability of unresponsiveness, and the LD1 is the dose with a 1% probability of death. In this example, the LD1 is
less than the ED99, which is clinically unacceptable.
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Fig. 18.29 Summary of drug interactions in humans and animals for hypnosis (loss of responsiveness in humans, loss of
righting reflex in animals) and immobility (loss of movement in response to a noxious stimulus). The numbers in each
cell refer to the number of papers supporting the finding. « 2 Agonists include dexmedetomidine and clonidine. Opioid
agonists include morphine, remifentanil, fentanyl, sufentanil, and alfentanil. Dopamine agonists include droperidol and
metoclopramide. Na+ (sodium) channel antagonists include lidocaine and bupivacaine. The letter “a” indicates the
interaction was characterized in an animal model. The thick diagonal line separates studies characterizing drug-drug
interactions of hypnosis (bottom half) and immobility (top half). GABA, Gamma aminobutyric acid (GABA agonist
drugs include propofol, thiopental, methohexital, and etomidate; GABABDZ agonist drugs that work via
benzodiazepine binding site include midazolam and diazepam); NMDA, N-methyl-D-aspartate (NMDA receptor
antagonists include ketamine) (From Hendrickx J, Eger EI 2nd, Sonner JM, et al. Is synergy the rule? A review of
anesthetic interactions producing hypnosis and immobility. Anesth Analg. 2008;107:494-506.)
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