
283© Springer International Publishing AG 2018
J.G. Reves et al. (eds.), Geriatric Anesthesiology, DOI 10.1007/978-3-319-66878-9_18

The Pharmacology of Intravenous 
Opioids

Stephanie Whitener, Matthew D. McEvoy, 
Steven L. Shafer, and Pamela Flood

18

S. Whitener (*) 
Department of Anesthesiology, Medical University of South 
Carolina, Charleston, SC, USA
e-mail: whitenes@musc.edu 

M.D. McEvoy 
Department of Anesthesiology, Vanderbilt University Medical 
Center, Nashville, TN, USA 

S.L. Shafer • P. Flood 
Department of Anesthesiology, Perioperative and Pain Medicine, 
Stanford University, Palo Alto, CA, USA

 General Observations

Opioids are among the most effective and the most danger-
ous of the drugs administered by anesthesiologists. With the 
growing epidemic of opioid abuse and overdose in the gen-
eral population, it is important to review the specific consid-
eration for prescribing them in the elderly population. In the 
United States, between 1993 and 2012, opioid overuse has 
more than doubled with the elderly population showing 
some of the largest rates of increase. The World Health 
Organization proposed a three-step analgesic ladder for the 
treatment of chronic pain. They recommended starting with 
acetaminophen and nonsteroidal analgesics, progressing to 
opioids of intermediate strength, such as codeine, and treat-
ing severe pain with strong opioids such as morphine [1]. 
The Agency for Health Care Policy and Research (now 
called the Agency for Healthcare Research and Quality) has 
issued similar guidelines [2]. Particular care must be taken 
when using opioids in elderly patients. It is nearly tautologi-
cal that elderly patients are more likely to suffer from chronic 
diseases than their younger counterparts. Some fortunate 
individuals remain physically vigorous until very late in life, 
whereas others seem to deteriorate physically at younger 
ages. Additionally, the cumulative effects of smoking, alco-
hol, and environmental toxins can accelerate the deteriora-
tion of aging in exposed individuals. Thus, it is not surprising 
that variability in physiology increases throughout life [3] 

(see Chap. 1). Increased physiologic variability results in 
increased pharmacokinetic and pharmacodynamic variability 
in elderly subjects. The clinical result of this increased vari-
ability is an increased incidence of adverse drug reactions in 
elderly patients [4]. Thus, elderly patients require more care-
ful titration and, where possible and appropriate, therapeutic 
drug monitoring [5].

 The Opioid Receptor

The existence of an opioid receptor was long suspected 
because of the high potency and stereoselectivity of pharma-
cologic antagonists. The biochemical discovery of opioid 
receptors was independently reported in 1973, by laborato-
ries of Pert [6], Simon [7], and Terenius [8]. The finding of 
stereoselectivity led to an intense search for endogenous 
ligands, with identification of encephalin in 1975 [9]. Other 
endogenous peptide ligands were isolated subsequently [10, 
11]. The fact that endogenous opioid ligands differed in their 
structure and binding sites suggested the existence of differ-
ent opioid receptor types [12]. Three classes of opioid recep-
tors were identified pharmacologically in the 1980s: μ (mu) 
[13], δ (delta) [14], and [15] κ (kappa).

Activation of the μ receptor is responsible for both the 
analgesic efficacy of the frequently used opioids and, 
unfortunately, for the majority of opioid toxicities. Shortly 
after characterization of the μ receptor, Pasternak and col-
leagues [16] demonstrated that there were two populations 
of opioid receptors: a high-affinity site, associated with 
analgesia and blocked by naloxazone, and a lower-affinity 
site, which was not blocked by naloxazone and seemed 
responsible for morphine lethality. It was subsequently 
demonstrated that morphine- induced analgesia was medi-
ated by a population of receptors blocked by naloxonazine, 
which were termed μ1 receptors, whereas morphine-induced 
ventilatory depression was blocked by a population of 
receptors that were not affected by naloxonazine, which 
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were termed the μ2 receptors [17, 18]. To further complicate 
matters, a selective morphine- 6-glucuronide antagonist 
was identified, 3-O-methylnaxtrexone, which had little 
effect on morphine analgesia [19]. This suggested that 
there was variability within the μ1 receptor itself. Although 
identification of a specific μ1 antagonist led to the hope that 
a μ1-specific agonist could be developed, no such agonist 
has ever been identified.

Additional evidence for μ receptor subtypes comes from 
the clinical observation of incomplete cross-tolerance among 
the opioids in patients [20], so that if a patient is switched 
from an opioid to which the patient has become tolerant to an 
“equianalgesic” dosage of another opioid, the potential exists 
for serious overdose [21]. Additional evidence for multiple μ 
receptor subtypes comes from variance in the potency for 
analgesic efficacy and toxicity among patients, such that 
there is no single opioid that has the best therapeutic window 
for all patients [21]. An extreme example of differential 
response to opioids is found in the CXBK mouse, which is 
insensitive to morphine but has normal sensitivity to fentanyl 
and morphine-6-glucuronide [22].

The μ opioid subtypes have unique distributions within 
the body [23]. Specifically, μ1 is expressed in the brain, 
whereas μ2 is expressed in the brain, gastrointestinal tract, 
and the respiratory tract [24]. Activation of both μ receptor 
subtypes acts to decrease calcium and potassium conduc-
tance and intracellular adenosine 3′,5′-cyclic monophos-
phate (cAMP). The recently discovered μ3 receptor is 
expressed on monocytes, granulocytes, and the vascular 
endothelium, where it acts to release nitric oxide [25]. Some 
of the vasodilatation that is associated with opioid adminis-
tration that has been attributed to histamine release may be 
attributable to the activation of the μ3 receptor.

The μ receptor is encoded by a single gene Oprm, located 
on chromosome 10 in the mouse [26, 27] and on chromo-
some 6 in the human [28]. A variety of polymorphisms of 
Oprm have been identified in humans, as recently reviewed 
by Lötsch and Geisslinger [28]. The polymorphism that has 
generated the most interest has been the substitution of an 
aspartate for an asparagine in the 118 position, which is 
abbreviated as the 118A > G SNP. This polymorphism has 
been associated with a decreased analgesic response to mor-
phine. However, it does not reduce sensitivity to opioid- 
induced ventilatory depression [29].

The Oprm gene gives rise to a family of μ receptors through 
selective splicing of the mRNA into μ opioid receptor sub-
types [30]. In 1993, the first μ receptor was cloned, MOR-1 
[31, 32]. Since then, at least 15 different splice variants of 
MOR-1 have been identified in mice, all derived from the 
same Oprm gene [24]. Several splice variants have been iden-
tified in humans as well [33]. Splice variants likely give rise to 
pharmacologically identified subtypes of μ receptors based on 
the exons that are translated. Unfortunately, mapping between 

individual splice variants and pharmacologically identified μ 
subtypes is incomplete. The currently identified splice variants 
are insufficient to explain the pharmacologic groupings, 
although this would likely become clearer as additional splice 
variants are discovered and characterized pharmacologically.

All opioid receptors so far identified are coupled to Gi 
proteins [34]. At the cellular level, the opioid receptors have 
an inhibitory effect. When the receptors are occupied by 
opioid agonists, intracellular cAMP content is reduced. 
Reduced levels of cAMP both increase the activation of K+ 
channels and reduce the probability of voltage-gated cal-
cium channels being open. These changes cause hyperpolar-
ization of the membrane potential and thus reduce neuronal 
excitability [35].

The last 15 years have seen a resurgence of interest in 
the molecular basis of opioid signaling, driven by the dis-
covery that opioids couple with β-arrestin-2 as well as 
with Gi proteins. [36] It appears that analgesia is medi-
ated by the Gi pathway, while tolerance, addiction, con-
stipation, and respiratory depression are mediated by the 
β-arrestin-2 pathway. [37] This discovery led to the 
search “biased ligands,” opioids that preferentially signal 
through the Gi pathway, providing analgesia, with 
reduced signaling through the β-arrestin-2 pathway, miti-
gating toxicity [38]. Several opioid agonists with mini-
mal activation of the β-arrestin-2 pathway are in active 
drug development [39, 40]. Initial clinical studies with 
oliceridine suggest that it has efficacy similar to mor-
phine in a surgical pain model. [41]If these novel “biased” 
opioids are eventually approved for clinical use, their 
enhanced safety may render the opioids discussed in this 
chapter obsolete.

Aging and Opioid Receptors

End-organ sensitivity to various ligands changes with age. 
Part of this change is from differences at the level of the drug 
receptor–effector mechanism. For example, Ueno and col-
leagues [42] examined opioid receptors in young, mature, 
and aged mice. Aged mice had reduced μ receptor density 
but increased μ receptor affinity. Hess et al. [43] also observed 
decreased μ receptor density in rats with advancing age, 
associated with decreased sensitivity to pain. Similarly, 
Petkov and colleagues [44] observed decreased enkephalin 
receptors in aged rats, as well as decreased sensitivity to 
enkephalin. Aging may induce changes downstream of 
opioid receptor binding. In studies on opioid receptors in 
polymorphonuclear leukocytes, Fulop and colleagues [45] 
have shown that whereas cAMP was reduced on binding in 
cells from young adult animals, it was increased in cells from 
aged animals. Hoskins and Ho [46] have shown age-induced 
changes in the basal activities of adenylate cyclase, guanylate 
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cyclase, cAMP phosphodiesterase, and cyclic guanosine 
monophosphate phosphodiesterase.

Smith and Gray [47] examined the analgesic response to 
opioids in young and aged rats. They applied noxious stimu-
lus at two different stimulus intensities. At the low-intensity 
stimulus (immersing the tail in 50 °C water), there was a 
trend toward increased sensitivity to opioids in the aged rats, 
but the difference was not significant. However, when sub-
jected to high-intensity stimulus (immersing the tail in 55 °C 
water), the aged rats were about twice as sensitive to opioids 
as the young rats, an effect that was significant.

Other investigators have reached quite different con-
clusions using similar experimental paradigms (tail flick 
after immersion in hot water). Van Crugten and colleagues 
[48] looked at morphine antinociception in aged rats and 
found no difference in antinociception between aged and 
adult animals. Hoskins and colleagues [49] found that 
aged mice were about half as sensitive to morphine as 
mature adult mice.

In summary, the overall evidence in animal models shows 
decreased numbers of opioid receptors in aged brains. 
However, the story about the antinociceptive response to 
morphine is less clear in animal models, with studies show-
ing increased sensitivity, decreased sensitivity, or no change 
in sensitivity with advancing age.

 Aging and Pain Perception

Pain is a part of daily life for many elderly patients, with 
about 50% of elderly patients in a community setting having 
chronic pain with the prevalence being higher among elderly 
patients in long-term care facilities [50]. Elderly patients are 
particularly more prone to chronic pain than younger people 
[51, 52]. However, clinically it seems that pain in elderly 
subjects is indistinguishable from the experience of pain in 
younger subjects [53].

There are some interesting differences between young 
and older subjects in their response to experimental pain. 
There is some evidence that older patients are more sensitive 
to experimental pain [54], which may be explained by a 
reduction in the endogenous analgesic response to pain [55, 
56], possibly mediated by reduced production of β-endorphin 
in response to noxious stimulation [57]. Older patients expe-
rience a more prolonged hyperalgesia after capsaicin injec-
tion compared with younger subjects [58]. Additionally, 
older patients seem to also require a higher intensity of nox-
ious stimulation before first reporting pain [56].

Some of the differences between studies may also depend 
on exactly which pain pathways are activated during the 
assessment. Chakour and colleagues [59] demonstrated that 
pain transmission via C fibers was unchanged in young ver-
sus elderly subjects. However, there was a substantial reduc-

tion in pain transmission via Aδ fibers. Thus, the relative 
perceptions of pain in elderly subjects versus younger 
subjects were influenced by the extent of pain transmission 
via Aδ fibers.

 Aging and Risk of Opioid-Related Side 
Effects

While pain is a common occurrence in the lives of the elderly 
population, and certainly is of concern in the perioperative 
period, care must be taken in providing analgesia with opi-
oids because of the alterations in the risk of respiratory 
depression. In their secondary analysis of a retrospective 
cohort study, Cepeda and colleagues [60] noted that the risk 
of opioid-induced ventilatory depression increased with 
increasing age, with patients 61–70 years of age having 2.8 
times the risk of ventilatory depression compared with 
patients 16–45 years old. Interestingly, in their analysis, they 
converted all of the opioids into morphine equivalents, and 
the conversion did not account for the increased potency of 
opioids in the elderly that will be described subsequently.

Although the risk of respiratory depression from opioids 
is greater in older people, the same is not true for all opioid 
side effects. Opioids are among the major causes of postop-
erative nausea and vomiting, increasing the risk nearly four-
fold [59]. In the study by Cepeda et al., age was not a risk 
factor for nausea and vomiting [60]. In fact, age may actually 
decrease the risk of nausea and vomiting. Sinclair and col-
leagues [61] observed a 13% decrease in the risk of postop-
erative nausea and vomiting with each additional decade of 
life. This finding is consistent with the findings of Junger and 
colleagues [62].

 The Onset and Offset of Opioid Drug Effect

 Onset

The onset of opioid drug effect is determined by the route of 
delivery, the delivered dose, the pharmacokinetics of the opi-
oid that determine the plasma concentrations over time, and 
the rate of blood–brain equilibration between the plasma and 
the site of drug effect. Table 18.1 shows adult pharmacokinet-
ics of fentanyl [63], alfentanil [63], sufentanil [64], remi-
fentanil [65], morphine [66], methadone [67],1 meperidine 
[68],2 and hydromorphone [69]. Table 18.1 also shows ke0, 
the rate constant for blood–effect-site equilibration, fen-
tanyl [63], alfentanil [63], sufentanil [70], remifentanil [65], 

1 Data extensively reanalyzed to obtain volume and clearance estimates.
2 Original data provided by S. Bjorkman and fit using population model 
to create estimates in Table 18.1.
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 morphine [66], methadone [71], meperidine [70],3 and hydro-
morphone [72].4 Based on these data, it is possible to predict 
the time course of concentration change in the plasma follow-
ing an intravenous bolus, as seen in Fig. 18.1. The upper 
graph in Fig. 18.1 shows the concentration during 24 h fol-
lowing a bolus injection, whereas the lower graph just shows 
the first 30 min. In both cases, the curves have been normal-
ized to start at 100%, which permits direct comparison of the 
pharmacokinetics despite differing potencies. As seen in the 
upper graph, the extremes of plasma elimination are remifen-
tanil, which is ultra fast, and methadone, which has the lon-
gest half-life. Alfentanil has the second-shortest half-life 
among the eight opioids. Fentanyl, meperidine, sufentanil, 
hydromorphone, and morphine are all clustered in the middle. 
In particular, note how similar hydromorphone and morphine 
are when one examines the plasma pharmacokinetics. 
Approximately the same trend is observed in the first 30 min, 
although the initial distribution phase of hydromorphone 
takes it nearly as low as remifentanil in the first 10 min. As 
will be seen shortly, this is significant in terms of recovery.

3 Based on a time to peak of 8.5 min in goats ()! It is not great, but it is 
the best onset data available.
4 Based on a time to peak effect of 15–20 min.

The plasma is not the site of drug effect, and thus the time 
course of concentration seen in Fig. 18.1 will not reflect the 
time course of effect-site concentration or behavioral activ-
ity. By incorporating the plasma–effect-site equilibration 
delay into our calculations, we can examine the time course 
of the onset of drug effect, as shown in Fig. 18.2. In this case, 
we have normalized the effect-site concentrations to peak 
effect concentration [73] to again permit comparisons of the 
time course of drugs independent of the differences in 
potency. Alfentanil and remifentanil both reach a peak about 
1.5 min after bolus injection, although the overall remifent-
anil drug effect is more evanescent. The peak fentanyl con-
centration occurs about 3.5 min after bolus injection, whereas 
the peak sufentanil effect is about 6 min after bolus injection. 
Methadone and meperidine are nearly indistinguishable fol-
lowing bolus injection, each reaching a peak about 12 min 
after a bolus. The peak for hydromorphone is 15–20 min 
after the bolus. Morphine is the outlier in terms of onset. Five 
minutes after a bolus injection, morphine is at 50% of the 
peak concentration. However, morphine reaches its peak 
concentration in the effect site about 90 min after the bolus 
injection. Table 18.1 shows the time to reach peak 
 concentration for each of the opioids, as well as the volume 
of distribution at the time of peak effect, which is useful for 
calculating initial loading doses [74–76].

Table 18.1 Pharmacokinetic parameters for frequently used opioids

Fentanyl Alfentanil Sufentanil Remifentanil Morphine Methadone Meperidine Hydromorpho

Volumes (L)
  V1 12.7 2.2 17.8 4.9 17.8 7.7 18.1 11.5
  V2 50 7 47 9 87 12 61 115
  V3 295 15 476 5 199 184 166 968
Clearances (L/min)
  Cl1 0.62 0.20 1.16 2.44 1.26 0.13 0.76 1.33
  Cl2 4.82 1.43 4.84 1.75 2.27 2.19 5.44 3.45
  Cl3 2.27 0.25 1.29 0.06 0.33 0.38 1.79 0.92
Exponents (min−1)
  α 0.67 1.03 0.48 0.96 0.23 0.50 0.51 0.51
  β 0.037 0.052 0.030 0.103 0.010 0.025 0.031 0.012
  γ 0.0015 0.0062 0.0012 0.0116 0.0013 0.0005 0.0026 0.0005
Half-lives (min)
  t1/2α 1.03 0.67 1.43 0.73 2.98 1.38 1.37 1.35
  t1/2β 19 13 23 7 68 28 22 59
  t1/2γ 475 111 562 60 548 1377 271 1261
Blood-brain 
equilibration
  ke0 (min−1) 0.147 0.770 0.112 0.525 0.005 0.110 0.067 0.015
  t1/2ke0 (min) 4.7 0.9 6.2 1.3 139 6.3 10. 46
  Tpeak (min) 3.7 1.4 5.8 1.6 93.8 11.3 8.5 19.6
  VD peak effect 

(L)
76.9 6.0 94.9 17.0 590.2 30.9 143.3 383.3

Note: The references for the pharmacokinetic parameters are given in the text
VD volume of distribution
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Fig. 18.1 The time course of 
plasma concentration 
following a bolus of fentanyl, 
alfentanil, sufentanil, 
remifentanil, morphine, 
methadone, meperidine, and 
hydromorphone, based on the 
pharmacokinetics shown in 
Table 18.1. The y-axis is the 
percent of the initial 
concentration, which by 
definition is 100% at time 0, 
permitting display of the 
relative time courses of these 
opioids independent of the 
dose administered

Fig. 18.2 The time course of 
effect-site concentration 
following a bolus of fentanyl, 
alfentanil, sufentanil, 
remifentanil, morphine, 
methadone, meperidine, and 
hydromorphone, based on the 
pharmacokinetics and rate of 
plasma–effect-site 
equilibrium shown in 
Table 18.1. The curves have 
been normalized to the peak 
effect-site concentration, 
permitting comparison of the 
relative rate of increase 
independent of dose. The 
times to peak effect 
correspond to those shown in 
Table 18.1

18 The Pharmacology of Intravenous Opioids
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One clinical applications of the time course of drug effect 
following bolus injection is to guide programming of the 
lockout of PCA devices. A 10-min lockout for hydromor-
phone and methadone is a logical choice, because patients 
are able to make a decision to redose themselves after reach-
ing peak drug effect. The slower onset of morphine is some-
what problematic, because patients will administer another 
dose while the prior dose is still reaching peak effect, creat-
ing the possibility of stacking bolus doses.

Considerable attention is given to “equianalgesic dosing” 
of opioids. The calculation of the equianalgesic dose is com-
plicated by the relative intrinsic potency of the opioids, the 
different pharmacokinetic profiles, and the large differences 
in the rate of blood–brain equilibration. Table 18.2 shows 
equianalgesic doses of frequently used opioids, based on the 
“minimum effective analgesic concentrations” or “MEAC” 
(also called “MEC”) of fentanyl [77], alfentanil [78], 
sufentanil,5 remifentanil,6 morphine [80],7 methadone [81], 
meperidine [82], and hydromorphone [72, 83].8 Reflecting 
anesthesiologists’ familiarity with fentanyl, all of the calcu-
lations have been made using fentanyl as the reference opi-
oid. The calculation of an equianalgesic bolus dose depends 
on when the observation of drug effect is made. For example, 
because fentanyl has a very rapid onset, and morphine has a 
very slow onset, 5 mg of morphine has the same effect at 
10 min as 50 μg of fentanyl, whereas 60 min after the dose, 
1 mg of morphine has the same effect as 50 μg of fentanyl. 
Similarly, because the drugs accumulate during infusions at 
different rates, the relative potencies of the opioids change 
depending on how long the infusion has been running, as 
shown in Table 18.2.

5 Scaled to fentanyl based on relative electroencephalogram (EEG) 
potency of fentanyl [63] and sufentanil [79].
6 Scaled to fentanyl based on the relative EEG potency of fentanyl and 
remifentanil [65].
7 he MEC range given by Dahlstrom was 6–31 ng/mL, with a mean of 
16 ng/mL. We chose 8 ng/mL, at the lower end of the reported range, 
because the average value of 16 ng/mL predicted equianalgesic mor-
phine that seemed excessive.
8 This was the most difficult potency to determine from the literature. 
Hill and Zacny documented a tenfold bolus dose potency difference 
versus morphine, which was the final basis for calculating this number 
and is similar to the value suggested by the Coda paper.

Figure 18.3 shows the increase in effect-site concentra-
tion during a continuous infusion for each of these opioids. 
As expected, remifentanil increases the fastest, whereas 
methadone increases the slowest. Note, however, that even 
after 10 h of drug administration, most of these opioids are 
only at 60–80% of the eventual steady-state concentration. 
This speaks to the problem of background infusions for 
PCA. Even after many hours, patients are not at steady state, 
and the increasing drug concentration from the background 
infusion may expose a patient to toxicity 12–24 h after initia-
tion of the infusion. Given the increased sensitivity of elderly 
patients to the effects of opioids, background infusions are 
likely a particularly poor choice in this population.

 Offset

The offset of drug effect is a function of both the pharmaco-
kinetic behavior and the rate of blood–brain equilibration. 
The “context-sensitive half-time” [73, 84] is a useful way to 
consider the plasma pharmacokinetic portion of the offset 

Table 18.2 Relative potency of frequently used opioids, based on the time of the observed effect

Fentanyl Alfentanil Sufentanil Remifentanil Morphine Methadone Meperidine Hydromorphone

MEAC (ng/mL) 0.6 14.9 0.056 1.0 8 60 250 1.5
Equipotent 
bolus dose at:

(μg) (μg) (μg) (μg) (mg) (mg) (mg) (mg)

  Peak effect 50 92 5.5 17 4.9 1.9 37 0.6
  10 min 50 197 4.4 72 5.3 1.4 28 0.4
  30 min 50 174 3.9 282 2.0 0.9 17 0.2

Fig. 18.3 The increase to steady state during an infusion of fentanyl, 
alfentanil, sufentanil, remifentanil, morphine, methadone, meperidine, 
and hydromorphone, based on the pharmacokinetics and rate of 
plasma–effect-site equilibrium shown in Table 18.1. The curves have 
been normalized to the steady-state effect-site concentration, permitting 
comparison of the relative rate of increase independent of infusion rate. 
Only remifentanil and alfentanil are at steady state after 10 h of continu-
ous infusion
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time, as shown in Fig. 18.4. The x-axis on Fig. 18.4 is the 
duration of an infusion that maintains a steady concentration 
of drug in the plasma. The y-axis is the time required for the 
concentrations to decrease by 50% after the infusion is termi-
nated. Remifentanil’s pharmacokinetics are so fast that the 
context-sensitive half-time blurs right into the x-axis. Perhaps 
surprisingly, fentanyl is the outlier here. Fentanyl accumu-
lates in fat, and so an infusion that maintains a steady concen-
tration in the plasma winds up giving patients a large dose of 
fentanyl, resulting in slow recovery. Meperidine similarly 
shows long recovery. Note that for infusions of less than 10 h, 
morphine, hydromorphone, and sufentanil are nearly indistin-
guishable based on the plasma pharmacokinetics.

Once again, we have to consider that the plasma is not the 
site of drug effect. Therefore, we must consider the 50% 
effect-site decrement time [73, 85], as shown in Fig. 18.5. 
Because fentanyl and remifentanil have very rapid plasma–
effect-site equilibration, they have changed little between 
Figs. 18.4 and 18.6. Note, however, the huge change for mor-
phine and hydromorphone. One might have thought from 
Fig. 18.4 that these drugs would result in rapid offset of drug 
effect following a continuous infusion. This is clearly not the 
case, because the blood–brain equilibration delay results in 
these drugs having far slower offset than alfentanil or sufen-
tanil. The “surprise” here is methadone. One would rarely 
think of methadone as a reasonable choice for infusion dur-
ing anesthesia, but the pharmacokinetics of methadone sug-
gest that it might be a reasonable choice for anesthetics of 
4 h or less.

Figure 18.6 shows the 20% effect-site decrement curve 
for these eight opioids. Figure 18.6 speaks to how often one 
might expect to redose a patient with chronic pain who is titrat-
ing the analgesic level to a just-adequate concentration. 
Because of its slow blood–brain equilibration, morphine would 
need to be given approximately every 2 h. Hydromorphone, 
fentanyl, and methadone would need to be given approxi-
mately every hour.

 Specific Opioids

 Morphine

Morphine has three unique aspects among the opioids fre-
quently used in anesthesia practice: it is an endogenous 
ligand of the μ receptor, has an active metabolite, and has a 
very slow onset of effect. Morphine was initially identified in 
the brains of mice that had never been exposed to exogenous 
morphine [86]. It has subsequently been found in the brains 
of cows [87], rats [88], and humans [89]. Codeine has also 
been identified as an endogenously synthesized substance. 
However, because codeine is mostly an inactive prodrug of 

Fig. 18.4 The “context- 
sensitive half-time” (50% 
plasma decrement time) for 
fentanyl, alfentanil, 
sufentanil, remifentanil, 
morphine, methadone, 
meperidine, and 
hydromorphone, based on the 
pharmacokinetics shown in 
Table 18.1. Remifentanil 
shows virtually no 
accumulation over time with 
continuous infusions, whereas 
the offset of fentanyl changes 
considerably as it is 
administered to maintain a 
steady plasma concentration

Fig. 18.5 The 50% effect-site decrement curves for fentanyl, alfent-
anil, sufentanil, remifentanil, morphine, methadone, meperidine, and 
hydromorphone, based on the pharmacokinetics and rate of plasma–
effect-site equilibrium shown in Table 18.1. For drugs with rapid 
plasma–effect-site equilibrium, the 50% effect-site decrement curve 
closely follows the context sensitive half-time curve. However, for 
drugs with slow plasma–effect-site equilibration, a 50% decrement in 
effect-site concentration is considerably slower than a 50% decrement 
in plasma concentration (e.g., morphine)

18 The Pharmacology of Intravenous Opioids
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morphine, its presence in the brain does not diminish mor-
phine’s distinction as the only endogenous ligand of the μ 
receptor that is also a frequently administered drug.

Morphine is metabolized by glucuronidation into two 
metabolites, morphine-3-glucuronide, which is mostly inac-
tive, and morphine-6-glucuronide, which is itself a potent 
analgesic [90]. Although the potency of intrathecal morphine- 
6- glucuronide is 650-fold higher than that of morphine [91], 
morphine-6-glucuronide crosses the blood–brain barrier 
very slowly, so slowly that it is unlikely that it contributes to 
the acute analgesia provided by morphine [92, 93]. However, 
with chronic administration, the levels of morphine-6- 
glucuronide will increase to pharmacologically active con-
centrations [94].

Morphine-6-glucuronide is eliminated by the kidneys 
[95]. Creatinine clearance is reduced with advancing age, 
as shown in the often-cited equation of Cockroft and 
Gault [96]:

 

Men Creatinineclearance mL

age years weight k

: / min( )
= − ( ) ×140 gg

serum creatinine mg

Women of the above

( ){ }
× ( ) 

]

: .

72

85

%

%  

This reduction means that the creatinine clearance of an 
80-year-old patient will be about half that of a 20-year-old 
patient. Thus, morphine-6-glucuronide will accumulate 
more in elderly patients, necessitating a reduction in the dose 
of chronically administered morphine. Of course, if the 

patient has renal insufficiency, it might be better to select an 
opioid without an active metabolite.

The second unique aspect of morphine is the slow onset 
of effect. The peak effect following a bolus dose of morphine 
occurs approximately 90 min after the bolus. This has been 
demonstrated using pupillometry [97–99], ventilatory 
depression [98], and analgesia [99] as measures of morphine 
drug effect. The likely explanation for this is that morphine 
is a substrate for P-glycoprotein, which actively transports 
morphine out of the central nervous system [100].

Figure 18.7 shows a simulation of the analgesic 
(y-axis > 1) and ventilatory (y-axis < 1) effects of three dif-
ferent morphine doses: a bolus of 0.2 mg/kg, a bolus of 
0.2 mg/kg followed by an infusion of 1 mg/70 kg per hour, 
and repeated boluses of 0.1 mg/kg every 6 h [101]. The solid 
line is the median prediction, whereas the shaded area repre-
sents the 95% confidence bounds. As seen in Fig. 18.7, the 
time course of analgesia and ventilatory depression is simi-
lar, although the analgesia wanes somewhat faster than the 
ventilatory depression.

It is important to appreciate the slow onset of morphine 
when titrating to effect. Aubrun and colleagues [102, 103] 
have advocated postoperative titration of morphine in elderly 
patients by administering 2–3 mg boluses every 5 min. This 
is not logical for a drug with a peak effect about 1.5 h after 
bolus injection. It is surprising that Aubrum and colleagues 
did not see any toxicity with this approach, given the poten-
tial for accumulation with repeated titration of small doses of 
morphine to effect. However, it does explain why their study 
is unique in finding that elderly patients require the same 
amount of opioid as younger patients.

 Meperidine

Meperidine, also called “pethidine,” has little role in the 
management of pain. Meperidine is still a popular drug 
because of the familiarity of its use, particularly among 
surgeons and obstetricians. Meperidine is unique among 
opioids in that it has significant local anesthetic activity [104, 
105]. Meperidine has been used as the sole analgesic intra-
thecally for obstetric anesthesia, but its benefit over a combi-
nation of local anesthetic with another opioid is unclear. 
The only unique perioperative role for meperidine is the 
treatment of postoperative shivering, in which doses of 
10–20 mg are typically effective.

The problems with meperidine are its complex pharma-
cology and its toxic metabolite. Holmberg and colleagues 
[106] examined the pharmacokinetics of an intravenous 
meperidine bolus in young and elderly surgical subjects. 
They found that elderly patients had reduced meperidine 
clearance, resulting in a longer half-life for meperidine. 

Fig. 18.6 The 20% effect-site decrement curves for fentanyl, alfent-
anil, sufentanil, remifentanil, morphine, methadone, meperidine, and 
hydromorphone, based on the pharmacokinetics and rate of plasma–
effect-site equilibrium shown in Table 18.1. The effect-site levels of all 
opioids, except morphine, will decrease by 20% quickly when an infu-
sion is terminated. The slower decrease for morphine is because of its 
slow plasma–effect-site equilibration
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There was minimal change in the initial volume of distribu-
tion. The clinical implication is that the initial dose of meper-
idine in elderly subjects should not be reduced based on 
pharmacokinetics, but meperidine will accumulate in elderly 
subjects with repeated administration. This makes meperi-
dine a particularly poor choice for administration by PCA in 
elderly patients [107].

A worrisome aspect of meperidine is the toxic metabolite, 
normeperidine (or “norpethidine”). In a subsequent study, 
Holmberg and colleagues examined the renal excretion of 
both meperidine and normeperidine in elderly surgical 
patients [108]. Renal excretion was reduced in elderly 
patients, particularly for normeperidine. The result is that 
normeperidine will likely accumulate with repeated doses in 
elderly patients. Because normeperidine is highly epilepto-
genic, meperidine is probably a poor choice for PCA or other 
forms of continuous opioid delivery in elderly patients.

Meperidine has several other unique aspects to its pharma-
cology. It is the only negative inotrope among the opioids 
[109]. Meperidine also has intrinsic anticholinergic properties, 
which can result in tachycardia. Elderly patients with coronary 
artery disease are clearly at risk of adverse events if given drugs 
that have negative inotropic or positive chronotropic effects.

Last, meperidine is associated with several unusual reac-
tions, including the potential for acute serotonergic syn-
drome when combined with monoamine oxidase (MAO)-A 
inhibitors and a significant increase of delirium in elderly 
patients compared to other opioids [110]. Fortunately, the 
classic MAO-A inhibitors, phenelzine (Nardil), tranylcypro-
mine (Parnate), and isocarboxazid (Marplan), are now rarely 
used. Selegiline, often used in Parkinson’s disease, is a weak 
MAO-B inhibitor and has been implicated in one nonfatal 

interaction with meperidine [111]. However, given the poly-
pharmacy common in elderly patients, it would seem wise to 
avoid using meperidine when opioids with more selective 
pharmacology and inactive metabolites are available.

 Hydromorphone

Hydromorphone in many aspects acts as a rapid-onset mor-
phine. However, it lacks the histamine release associated 
with morphine and does not have active metabolites. There 
are no studies explicitly examining the role of age in hydro-
morphone pharmacokinetics or pharmacodynamics. In fact, 
there are surprisingly few studies examining the periopera-
tive use of hydromorphone. Keeri-Szanto [112] found intra-
operative hydromorphone to be approximately eight times 
more potent than morphine, with a half-life of 4 h versus 5 h 
for morphine. Kopp et al. [113] investigated whether 4 mg of 
hydromorphone provided any evidence of preemptive anal-
gesia and found that it did not.

Rapp and colleagues [114] compared hydromorphone 
PCA to morphine PCA in postoperative patients following 
lower abdominal surgery. They found that hydromorphone 
PCA was associated with better mood scores, but with 
increased incidence of nausea and vomiting. They found that 
1 mg of hydromorphone was approximately equianalgesic 
with 5 mg of morphine. This is about half as potent as sug-
gested by Hill and Zacny [72], who determined that hydro-
morphone was tenfold more potent than morphine. Although 
Rapp and colleagues did not specifically study the effects of 
age, one would expect this ratio to be independent of age in 
the immediate postoperative period. Because morphine has 

Fig. 18.7 Simulated analgesic (y > 1) and ventilatory (y < 1) effects of 
three different doses of morphine: 0.2 mg/kg (a), 0.2 mg/kg plus an infu-
sion of 1 mg/70 kg/h (b), and a bolus of 0.1 mg/kg every 6 h (c). The 
analgesic and ventilatory effects peak concurrently, about 90 min after 

the morphine bolus. Because the concentration versus response relation-
ship is steeper for analgesia than ventilatory depression, the analgesic 
effect dissipates before the ventilatory depression (Reprinted from 
Dahan et al. [101]. With permission from Wolters Kluwer Health, Inc.)
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an active metabolite that accumulates and hydromorphone 
does not, the apparent potency of morphine relative to hydro-
morphone may increase with chronic administration.

Lui and colleagues [115] compared epidural hydromor-
phone to intravenous hydromorphone, both administered 
by PCA in a double-blind/double-dummy protocol. They 
found more pruritus in patients receiving epidural hydro-
morphone, but no differences in postoperative analgesia, 
bowel function, or patient satisfaction. Overall, hydromor-
phone in the epidural group was half of that in the intrave-
nous group, indicating that hydromorphone is acting 
spinally when administered via the epidural route. 
Hydromorphone and morphine both reach their peak con-
centrations in the cervical cerebrospinal fluid about 60 min 
after epidural administration [116], suggesting they have 
similar potential for delayed ventilatory depression after 
epidural administration. In a study of obstetric patients, 
Halpern and colleagues [117] found 0.6 mg of hydromor-
phone to be clinically indistinguishable from 3 mg of mor-
phine, consistent with the 1: 5 relative potency reported for 
intravenous hydromorphone and morphine in the postop-
erative period.

 Fentanyl

Fentanyl is among the “cleanest” opioids in terms of phar-
macology. It has a rapid onset, predictable metabolism, and 
inactive metabolites. It is (obviously) the first of the “fen-
tanyl” series of opioids, notable for their rapid metabolism 
and selective μ potency. It is the only one of the opioids that 
is available for transdermal and transmucosal delivery, 
although these methods of administration are being investi-
gated for sufentanil as well.

Bentley et al. [118] studied aging and fentanyl pharmaco-
kinetics in young and elderly groups of patients. They found 
that fentanyl clearance was decreased among the elderly, 
resulting in a prolonged half-life.

Scott and Stanski [63] used high-resolution arterial sam-
pling during and after a brief fentanyl infusion to character-
ize the influence of age on the pharmacokinetics of fentanyl. 
These investigators did not find any effect of age on the phar-
macokinetics of fentanyl or alfentanil, except for a small 
change in rapid intercompartmental clearance.

The minimal influence of age on the pharmacokinetics of 
fentanyl was subsequently confirmed by Singleton and col-
leagues [119]. These investigators found no change in the 
dose-adjusted concentration of fentanyl between young and 
elderly patients, except for a transient increase in concentra-
tion in elderly individuals at 2 and 4 min after the start of the 
infusion. These findings are consistent with the decreased 
rapid intercompartmental clearance reported by Scott and 
Stanski.

Scott and Stanski used the EEG as a measure of drug 
effect to estimate the potency of fentanyl [63, 120]. They 
observed a decrease of approximately 50% in the dose 
required for 50% of maximal EEG suppression (C50) from 
age 20 to age 85, as shown in Fig. 18.8. Because the pharma-
cokinetics of fentanyl seem nearly unchanged by age, it is 
likely that elderly patients require less fentanyl because of 
intrinsic increased sensitivity to opioids. Put another way—
the elderly brain is twice as sensitive to opioids as a younger 
brain. This predicts that elderly patients require half of the 
fentanyl that younger patients require. Because the pharma-
codynamics of fentanyl (i.e., the C50) is affected by age, and 
not the pharmacokinetics, the offset of fentanyl drug effect in 
elderly patients who receive an appropriately reduced dose 
of fentanyl should be as fast as it is in younger patients.

The 50% reduction in fentanyl suggested by Scott and 
Stanski’s integrated pharmacokinetic/pharmacodynamic 
model is in reasonable agreement with an analysis by Martin 
and colleagues [121] of intraoperative fentanyl utilization. 
Using the automated electronic record system in place at Duke 
University Hospital, they found that intraoperative doses of 
fentanyl decreased by about 10% per decade after age 30.

 Other Fentanyl Delivery Systems
Fentanyl is also available in two unique dosage forms: oral 
transmucosal fentanyl citrate and transdermal fentanyl. 
Holdsworth and colleagues [122] studied pharmacokinetics 
and tolerability of a 20-cm2 transdermal fentanyl patch in 
young and elderly subjects. Plasma fentanyl concentrations 
were nearly twofold higher in the elderly subjects compared 
with younger subjects, reflecting either increased absorption 
or decreased clearance. Given that fentanyl clearance seems 

Fig. 18.8 The influence of age on the 50% maximal effective dose 
(C50) of fentanyl, as measured by electroencephalogram depression. 
Although there is considerable variability, overall there is about a 50% 
reduction in C50 from age 20 to age 80, reflecting increased brain sensi-
tivity. This has been shown for alfentanil [66] and remifentanil [68] and 
appears to be a class effect of opioids (Adapted with permission from 
Scott and Stanski [63]. With permission from American Society for 
Pharmacology and Experimental Therapeutics)
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unchanged in the elderly, the likely explanation is that trans-
dermal fentanyl absorption is more rapid in elderly patients, 
possibly because the skin is thinner and poses less of a bar-
rier to fentanyl absorption. The increased concentrations in 
elderly subjects were associated with increased adverse 
events—so much so that the patch was removed for the study 
in every elderly subject, whereas none of the patches were 
removed in younger subjects.

Davis and colleagues [123] also noted that the time 
course of absorption of fentanyl through the skin is delayed 
in the elderly, with subcutaneous fat acting as secondary 
reservoir leading to prolonged release even after the removal 
of the patch.

Kharasch and colleagues [124] examined the influence of 
age on the pharmacokinetics and pharmacodynamics of oral 
transmucosal fentanyl citrate (the fentanyl “lollipop”). They 
found no change in the pharmacokinetics of fentanyl with 
age, including the absorption characteristics of the buccal 
mucosa. Perhaps unexpectedly, they also found no increase 
in sensitivity to fentanyl, as measured by pupillary miosis. 
Thus, in their view, the data do not support reducing the dose 
of oral transmucosal fentanyl citrate in elderly patients.

 Alfentanil

The relationship between opioids and age becomes more 
complex when we consider alfentanil. Scott and Stanski [63] 
reported similar findings for alfentanil as previously 
described for fentanyl. In particular, they did not find any 
effect of age on the pharmacokinetics of alfentanil, except 
for a small change in the terminal half-life. Shafer et al. [125] 
also reported no relationship between age and alfentanil 
pharmacokinetics. Sitar and colleagues [126] reported a 
modest decrease in alfentanil clearance and central compart-
ment volume in elderly subjects. In a study that used histori-
cal control data, Kent and colleagues [127] also reported a 
modest decrease in alfentanil clearance with advancing age. 
Lemmens et al. [128] observed that the pharmacokinetics of 
alfentanil in men (as studied exclusively by Scott and 
Stanski) were unaffected by age, whereas the pharmacoki-
netics in women showed a clear negative correlation between 
age and clearance.

In an effort to sort out these modestly conflicting results, 
Maitre et al. [129] pooled alfentanil concentration data from 
multiple prior studies and performed a population pharmaco-
kinetic analysis to estimate the influence of age and gender 
on the pharmacokinetics of alfentanil. Maitre et al. found 
that clearance decreased with age and that the volume of dis-
tribution at steady state increased with age, the net effect 
being a longer terminal half-life with increasing age. That 
might sound like the end of the story, except that Raemer and 
colleagues [130] prospectively tested the Maitre et al. phar-

macokinetics in two groups of patients, young women and 
elderly men, using computer-controlled drug administration. 
In this prospective test, the pharmacokinetics reported by 
Maitre et al. did not accurately predict the observed plasma 
alfentanil concentrations. However, pharmacokinetics 
reported by Scott and Stanski, which predict no influence of 
age or gender on alfentanil pharmacokinetics, accurately 
predicted the concentrations in both young women and 
elderly men. From these results, we can conclude that phar-
macokinetics of alfentanil does not change in a clinically 
significant manner with age.

Although they found no change in pharmacokinetics with 
age, Scott and Stanski demonstrated that the C50 for EEG 
depression with alfentanil decreased by 50% in elderly sub-
jects, nearly identical to the increased potency of fentanyl in 
elderly subjects [66]. This would suggest that, based on 
pharmacokinetic alterations with age, the dose of alfentanil 
in elderly patients should be about half of the dose that would 
be used in younger patients. Unfortunately, subsequent stud-
ies by Lemmens et al. [131–133], based on clinical end-
points, found no influence of age on the pharmacodynamics 
of alfentanil. However, Lemmens et al. [134] observed that 
the alfentanil dose required to maintain adequate anesthesia, 
when administered by target-controlled infusion, was 
decreased by approximately 50% in elderly subjects. Thus, 
Lemmens et al. saw a similar change in dose-response rela-
tionship, in that the elderly required half as much opioid as 
younger subjects, but could not explain it as a pharmacody-
namic difference. However, it is a bigger difference in con-
centration than any of the pharmacokinetic studies would 
have predicted, and there was no control group—the control 
group was a historical control group.

Where this leaves us is that there are many studies sug-
gesting that the alfentanil dose in elderly subjects is about 
half of the dose in younger subjects. The available data sug-
gest that the change is probably pharmacodynamic, but there 
may be a pharmacokinetic component to the increased sensi-
tivity as well. If the change is mostly pharmacodynamic, per-
haps, with a modest change in terminal half-life in elderly 
subjects, then the offset of alfentanil should be as fast in 
older subjects as it is in younger subjects, provided the dose 
has been appropriately reduced.

 Sufentanil

Sufentanil is the most potent of the available opioids, with its 
potency approximately tenfold greater than fentanyl. [79] 
Age has, at most, only a modest influence on sufentanil phar-
macokinetics. Helmers and colleagues [135] found no 
change in sufentanil pharmacokinetics between young and 
elderly subjects. Similarly, Gepts and colleagues [136] found 
no effect of age on sufentanil pharmacokinetics in a complex 
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population analysis. Matteo and colleagues [137] found that 
the central compartment volume of sufentanil was signifi-
cantly decreased in elderly patients. This modest pharmaco-
kinetic difference in elderly subjects would be expected to 
increase the effects of sufentanil in the first few minutes after 
a bolus dose and not subsequently. However, the elderly 
patients in Matteo’s study were far more sensitive to sufent-
anil than the younger subjects. Six of seven elderly patients 
required naloxone at the end of this study, whereas only one 
of seven young patients required naloxone. Matteo et al. con-
cluded that elderly patients had increased sensitivity to a 
given concentration of sufentanil, similar to the increased 
sensitivity to fentanyl and alfentanil in elderly patients 
described by Scott and Stanski.

Thus, based on the twofold increase in brain sensitivity to 
opioids demonstrated for fentanyl and alfentanil in elderly 
patients, one might expect similar increase in brain sensitiv-
ity to sufentanil in elderly patients. Thus, it is surprising that 
Hofbauer and colleagues [138] did not observe any influence 
of age on the sufentanil requirement of mechanically venti-
lated patients in the intensive care unit.

 Remifentanil

Remifentanil has the fastest and most predictable metabo-
lism of any of the available opioids. Remifentanil was intro-
duced into clinical practice under Food and Drug 
Administration guidelines that mandated explicit pharmaco-
kinetic and pharmacodynamic analysis for special popula-
tions, including elderly subjects. Thus, the influence of age 
on remifentanil pharmacokinetics and pharmacodynamics 
was established in high-resolution trials about three times 
larger than the trials for fentanyl, alfentanil, or sufentanil. 
The pharmacokinetic and pharmacodynamic models for 
remifentanil were reported by Minto and colleagues. [65] In 
a companion article, Minto et al. [139] used computer simu-
lation to examine the implications of the complex age-related 
changes on remifentanil dosing. The pharmacokinetics of 
remifentanil changes with age, as shown in Fig. 18.9. With 
advancing age, V1, the volume of the central compartment, 
decreases about 20% from age 20 to 80. Concurrently, clear-
ance decreases about 30% from age 20 to age 80. Figure 18.10 
shows the age-related changes in remifentanil pharmacody-
namics. As also observed for fentanyl and alfentanil, the C50 
for EEG depression is reduced by 50% in elderly subjects, 
suggesting that remifentanil has about twice the intrinsic 
potency in elderly subjects as in younger subjects. The t1/2 
ke0, half-time of plasma–effect-site equilibration, is also 
increased in elderly subjects. In the absence of other changes, 
this would mean that the onset and offset of remifentanil 
drug effect will be slower in elderly patients.

Figure 18.11 uses computer simulations to examine the 
time course of blood concentration (solid lines) and effect- 
site concentration (dashed lines) after a unit bolus of remi-
fentanil. The blood concentrations are higher in elderly 
subjects because of the smaller central compartment concen-
tration. However, the slower t1/2 ke0 in elderly subjects results 
in less-rapid equilibration. As a result, the effect-site concen-
trations in elderly individuals do not increase higher than the 
effect-site concentrations in young individuals. However, the 
onset and offset are slower in elderly individuals. For exam-
ple, in a young individual, the peak drug effect is expected 
about 90 s after a bolus injection. In an elderly individual, the 
peak effect is expected about 2–3 min after bolus injection.

Figure 18.12 shows the influence of age and weight on 
remifentanil dosing. As seen in the top graph of Fig. 18.12, 
elderly subjects need about half of the bolus dose as younger 
subjects to achieve the same level of drug effect. This is not 
because of the change in pharmacokinetics. As shown in 
Fig. 18.11, the peak effect-site levels after a bolus of remi-
fentanil are nearly identical in young and elderly subjects. 
Rather, the remifentanil bolus is reduced in elderly subjects 
because of the increased sensitivity of the elderly brain to 

Fig. 18.9 The influence of age on remifentanil pharmacokinetics. With 
advancing age, the volume of the central compartment decreases by 
50% from age 20 to age 80, and the clearance decreases by 66% 
(Adapted from Minto et al. [65]. With permission from Wolters Kluwer 
Health, Inc.)
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opioid drug effect, exactly as reported for fentanyl and alfen-
tanil. The bottom graph in Fig. 18.12 shows that elderly sub-
jects require about one-third as rapid an infusion as younger 
subjects. This reflects the combined influences of the 
increased sensitivity and the decreased clearance in elderly 
individuals.

As seen in Fig. 18.12, the influence of weight on remi-
fentanil dosing is considerably less than the influence of 
age. We point this out because anesthesiologists reflexively 
adjust remifentanil infusions to body weight, but seem 
reluctant to make an adequate reduction in infusion rate for 
elderly individuals.

Figure 18.13 shows the time required for decreases in 
effect-site concentration of 20%, 50%, and 80% as a func-
tion of remifentanil infusion duration. These would be the 
“20% effect-site decrement time,” the “50% effect-site dec-
rement time,” and the “80% effect-site decrement time,” 
respectively. For each decrement time, the expected relation-
ship is shown for a 20-year-old patient and an 80-year-old 
patient. Figure 18.13 suggests that elderly patients can be 
expected to recover from remifentanil about as fast as 
younger subjects, provided the dose has been appropriately 
reduced (e.g., Fig. 18.12).

The unique features of remifentanil are its rapid clear-
ance and rapid ke0, resulting in a rapid onset and offset of 
drug effect. It is tempting to speculate that these charac-
teristics will make remifentanil an easy drug to titrate and 
that clinicians will not need to consider patient covariates 
such as advanced age when choosing a dosing regimen. 
However, the rapid onset of drug effect may be accompa-
nied by rapid onset of adverse events such as apnea and 
muscle rigidity. The rapid offset of drug effect can result 
in patients who are in severe pain at a time when the anes-
thesiologist is ill- equipped to deal with the problem, for 
example, when the patient is in transit to the recovery 
room. It is thus important that anesthesiologists under-
stand the proper dose adjustment required for the elderly. 
By adjusting the bolus and infusion doses, the anesthesi-
ologist can hope to avoid the peaks and valleys in remi-
fentanil concentration that might expose elderly patients 
to risk. When the proper adjustment is made, the variabil-
ity in remifentanil pharmacokinetics is considerably less 
than for any other intravenous opioid. This makes remi-
fentanil the most predictable opioid for treatment of the 
elderly.

Fig. 18.10 The influence of age on remifentanil pharmacodynamics. 
With advancing age, the 50% effective concentration (EC50) declines, 
reflecting a nearly identical increase in intrinsic potency as seen with 
fentanyl and alfentanil. Additionally, half-time of blood–brain equili-
bration (t1/2 ke0) increases (Adapted from Minto et al. [65]. With permis-
sion from Wolters Kluwer Health, Inc.)

Fig. 18.11 Simulations showing the effect-site concentration from 
identical bolus doses in a 20-, 50-, and 80-year-old subject. The concen-
trations are highest in the 80-year-old subject because of the reduced 
size of the central compartment. However, because of the slower blood–
brain equilibrium in the 80-year-old subject, the peak effect-site con-
centration is almost identical in the three simulations. Thus, the smaller 
V1 is offset by the slower plasma–effect-site equilibration. However, a 
bolus of remifentanil takes about a minute longer to reach peak effect- 
site concentrations in elderly subjects (Adapted from Minto et al. [139]. 
With permission from Wolters Kluwer Health, Inc.)
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 Methadone

Methadone has several distinguishing characteristics, includ-
ing having the longest terminal half-life and being supplied as 
a racemic mixture with surprising stereospecific pharmacol-
ogy. As shown in Table 18.1 and as evident in Fig. 18.1, the 
terminal half-life of methadone is approximately 1 day [66]. 
As a result, it will take nearly a week of methadone dosing to 
reach steady state. When methadone is used as a chronic anal-
gesic, particularly in elderly patients, the patient and physi-
cian must be made aware that steady state will not be reached 
for several days, requiring vigilance for accumulation to tox-
icity during the “run-in” titration of methadone for analgesia. 
Also, adequate arrangements for rescue analgesia must be 
available during the period before steady-state levels.

Methadone’s another unique feature is that it is supplied as 
a racemate with two enantiomers. l-Methadone is an opioid 
agonist, whereas d-methadone is an N-methyl-D- aspartate 
(NMDA) antagonist [140]. The potency of the d-methadone 
in blocking NMDA is such that, at clinically used doses, it 
may be effective in attenuating opioid tolerance and prevent-
ing central sensitization (hyperalgesia) [141, 142]. There are 
no specific studies examining the pharmacokinetics and phar-
macodynamics of methadone in elderly subjects. However, as 
the increased brain sensitivity to opioid drug effect seems to 
be a class effect for opioids, it seems prudent to reduce meth-
adone doses by about 50% in elderly patients compared with 
younger patients. Additionally, the NMDA-blocking activity 
of d-methadone may provide some analgesic synergy between 
the enantiomers.

The sustained effect of methadone and the combination 
of μ opioid agonism and NMDA antagonism suggest that 
methadone may be a good choice for postoperative analge-
sia. However, methadone must be used with great caution 
for the treatment of acute pain following surgery. The very 
long half-life may lead to delayed respiratory depression 
several days after surgery. Additionally, methadone is asso-
ciated with QT prolongation, which may lead to fatal 
arrhythmia [143]. The risk of arrhythmia is particularly con-
cerning with outpatient use of methadone, where the con-
centrations may be rising in an unmonitored setting. These 
concerns are highlighted in the black box warning on the 
methadone product insert. The risks and benefits of metha-
done for acute pain control following surgery must be care-
fully considered and likely limit the utility of methadone as 
an oral analgesic following hospital discharge.

 Patient-Controlled Anesthesia

PCA devices are very effective means to provide postopera-
tive analgesia in elderly patients (see Chap. 28). 
Lavand’Homme and De Kock [144] have reviewed the use of 

Fig. 18.12 The influence of age and weight on remifentanil bolus 
dose and infusion rates. Bolus doses should be reduced by 50% in 
elderly subjects, reflecting the increased brain sensitivity. Infusion 
rates should be reduced by 66%, reflecting the combined effects of 
increased brain sensitivity and decreased clearance. LBM lean body 
mass (Adapted from Minto et al. [139]. With permission from Wolters 
Kluwer Health, Inc.)

Fig. 18.13 The 20%, 50%, and 80% effect-site decrement curves for 
20- and 80-year-old subjects. Provided remifentanil dose is adequately 
reduced, as shown in this figure, there should be little difference in the 
awakening time as a function of age
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PCA in the elderly. They observed that poor pain manage-
ment places elderly patients at risk of confusion and outright 
delirium, and this may be associated with poorer clinical out-
comes. They emphasized that increased monitoring and indi-
vidualization of dosage are essentials in PCA management 
of elderly patients. They also observed that elderly patients 
may need additional time to become familiar with PCA 
devices and that the devices will become ineffective if 
elderly patients become confused or agitated.

Macintyre and Jarvis [145] examined morphine PCA in 
elderly patients and observed that age is the best predictor of 
postoperative morphine requirements. They found that the 
average PCA morphine use in the first 24 h after surgery was 
approximately 100−age. However, they also emphasized 
that the dose needed to be individualized, because there was 
tenfold variation in the dose in each age category.

This is similar to the results of Woodhouse and Mather 
[146]. They found that elderly patients required significantly 
less fentanyl and morphine administered by PCA following 
surgery. They also identified a similar trend for meperidine, but 
it was less steep and characterized by higher variability. As 
seen in Fig. 18.14, elderly patients required about half as much 
morphine and fentanyl as younger subjects, consistent with the 
“50% reduction” suggestion at the beginning of the chapter.

Gagliese and colleagues [146] also found an approxi-
mately 50% reduction in PCA opioid use in elderly patients. 
In their study, patients in the younger group (average 
age = 39) expected more severe pain than those in the older 
group (average age = 67). However, both groups obtained 
similar efficacy from their PCA devices and expressed sim-
ilar levels of satisfaction with PCA as a means of managing 
postoperative analgesia. The average 24 h dose of morphine 
(or morphine equivalents) in the younger patients was 
67 mg at the end of day one and 44 mg at the end of day 
two. In the older patients, the average dose was 39 mg at 
the end of day 1 and 28 mg at the end of day 2. In an accom-
panying editorial, Ready [148] emphasized that patients 
must be able to understand and participate in their care, 
emphasizing the need to individualize therapy for elderly 
patients in whom a cognitive assessment might be appro-
priate before using PCA.

It is reasonable that other interventions, such as nerve 
blocks, infusions of local anesthetic, and adjuvant analge-
sic therapy, be combined with PCA to provide adequate 
analgesia at the lowest possible opioid dose in elderly 
patients (see Chaps. 19 and 28). Beattie et al. [149] have 
reported that ketorolac effectively reduces morphine 
doses in elderly subjects. In this case, the reduced opioid 
requirement must be balanced against the risk of gastric 
bleeding and fluid retention induced by ketorolac. 
However, in appropriate patients, one or two doses of 
ketorolac are associated with only modest risk and would 
be expected to provide significant synergy with morphine 
[150, 151].

 Suggested Guidelines for Chronic Opioids 
in the Elderly

The subject of opioids in the management of chronic pain in 
the elderly has been extensively reviewed [152, 153]. A few 
basic principles will be emphasized here:

 1. In general, opioids should be reserved for those elderly 
patients in whom less-toxic alternatives, such as 

Fig. 18.14 Twenty-four-hour cumulative patient-controlled analgesia 
opioid administration as a function of age. Morphine and fentanyl both 
show the expected reduction in dose of about 50%, as predicted by the 
pharmacokinetic/pharmacodynamic modeling. Meperidine (pethidine) 
is more variable, perhaps reflecting its more complex pharmacology, or 
the stimulating effects of normeperidine (Reprinted from Woodhouse 
and Mather [147]. With permission from John Wiley & Sons)
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 acetaminophen and nonsteroidal antiinflammatory drugs, 
have proven ineffective.

 2. It is best to start with the weaker opioids, such as codeine, 
and titrate to effect. The stronger opioids should be 
reserved for patients whose symptoms are inadequately 
treated by weaker opioids.

 3. Careful monitoring during the initial dose titration is 
absolutely essential, particularly with opioids or delivery 
systems associated with long half-lives and time to steady 
state, such as methadone, oral sustained-release prepara-
tions, and transdermal fentanyl.

 4. Opioid-induced constipation may be reduced by the use 
of a peripheral opioid antagonist, such as alvimopan 
[154] and methylnaltrexone [155].

 5. Elderly patients are at increased risk of drug interactions 
(see Chap. 21). The risk of drug interactions particularly 
precludes the use of chronic meperidine in elderly 
patients. However, opioids should be used with great cau-
tion if combined with any drugs that decrease conscious-
ness (e.g., benzodiazepines). Figure 18.15 shows the 
interaction between remifentanil and propofol on ventila-
tion in healthy volunteers as reported by Nieuwenhuijs 
and colleagues [156]. Propofol and remifentanil individu-
ally have modest effects on ventilation; however, when 
combined (solid triangles), they demonstrate profound 

depression of ventilation. This effect will be exaggerated 
in elderly patients because of the increased sensitivity to 
opioid drug effects.

 6. Elderly patients are at increased risk of confusion in 
response to opioids.

 7. Rotation of opioids may permit lower doses to be used, 
because of the incomplete cross-tolerance and individual 
differences in analgesic versus toxicity profiles among 
individuals.

 Conclusion

Opioids are used for balanced general anesthesia and are 
appropriate for both acute and chronic pain in elderly patients, 
particularly when nonopioid analgesics have failed to provide 
adequate pain relief. Elderly patients, on average, need about 
half the dose of opioids as younger patients to achieve the 
same level of analgesic effect. The biologic basis for the 
increased brain sensitivity (pharmacodynamic increased 
potency) to opioids in elderly patients is not completely under-
stood. Elderly patients have factors that place them at increased 
risk of opioid toxicity, including increased pharmacologic 
variability, frequent polypharmacy, noncompliance with dos-
age regimens, and impaired renal and hepatic function.
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