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The older population continues to grow in all countries, and surgeons are encountering older patients more fre-
quently. The management of postoperative pain in older patients can be a difficult task. Opioids are the mainstay

of perioperative pain control. This paper assesses some pharmacokinetic age-related aspects and their relationship
with the use of opioids in the perioperative period. Changes in body composition and organ function, and phar-
macokinetics in older patients, as well as characteristics of opioids commonly used in the perioperative period are
described. Specific problems, dose titration, and patient-controlled analgesia in the elderly are also reviewed. Opioids
can be safety used in perioperative period, even in the elderly. The choice of drugs and doses can be individualized
according to the surgery, opioid pharmacokinetics, comorbidities, and routes of administration.

« Anesthesiologists are encountering older patients more frequently. The management of postoperative pain in older
«In the elderly, there are relevant changes in body composition and organ function, as well pharmacokinetics in older

« In this population, opioids, commonly used in the perioperative period, should be carefully used, taking into consid-
eration on pharmacokinetic age-related aspects and available techniques for administering these agents.

Introduction

The older population continues to grow and lives longer.
In the US, about 1/7 of population is older than 65 years,
with a 21% increase over the past 10 years [1]. The num-
ber of elderly people is expected to double by 2050,
reaching a total of 2.1 billion worldwide. Consequently,
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it is expected a consequent demographic shift toward an
elderly population [2]. Of interest, the transition to an
older population is observed either in high-income and
some middle- and low-income countries [3]. As aged
people represent the fastest-growing population of soci-
ety, this group of people undergoes surgery more fre-
quently than other ones. Thus, surgeons are encountering
older patients more frequently, and their surgical demand
is expected to increase rapidly.

The rate of morbidity and mortality after surgery
increases with age. Postsurgical inhospital mortality has
been reported to be significantly lower in patients less
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than 80 years old than in those greater than 80 years old.
Moreover, one-quarter of patients older than 75 years
develop postoperative complications [4]. However,
although aging is associated with an increase in morbid-
ity and mortality after major surgeries, age alone should
not be considered to provide the individual patient’s eligi-
bility for surgery. Elderly individuals are a heterogeneous
group. While some of them are highly functional even
in their 90 s, others are disabled, frail, or have multiple
comorbidities. Emergency surgery, comorbidities, frailty
status, severity of illness, and a high American Society of
Anesthesia (ASA) score are considered to have a stronger
impact on mortality and postoperative complications
than age [5]. On the other hand, anesthesiologists are
increasingly being involved in the care of frail and elderly
patients. The considerable changes in population demo-
graphics have been associated with significant improve-
ments in medical technology and knowledge and changes
in social norms and health policy. As increasingly com-
plex diagnostic and therapeutic techniques have been
introduced, advanced age is no longer seen as a legiti-
mate barrier to surgery and anesthesia.

Postoperative pain in older patients is often under-
recognized and undertreated due to lack of a proper pain
assessment and concerns of risks of adverse effects [6,
7]. In literature, data regarding the incidence and inten-
sity of postoperative pain in the elderly are conflicting.
Some studies suggest that older patients report lower
pain intensity than younger ones. While other studies
did not report differences. More recent findings have
indicated that incidence of postoperative pain moder-
ately decreases with increasing age, with small and ques-
tionable clinical significance [8]. Pain management in
older patients may be complicated by a number of fac-
tors, including a higher risk of age, and disease-related
changes in physiology, and disease—drug and drug—drug
interactions. Thus, the anesthesiologic management is
more challenging. Other than chronic diseases, aging
itself increases postoperative mortality and morbidity
[9]. Over time, progressive changes in organs and tis-
sues can lead to deterioration of physiological functions
[10]. Age-related physiologic changes result in signifi-
cant changes in pharmacokinetics, that is the relationship
between drug dose and plasma concentration, and phar-
macodynamics, that is the sensitivity to a given plasma
concentration.

The management of perioperative pain in the elderly
can be challenging. In a systematic review, significant
predictive factors for postoperative pain were preopera-
tive pain, anxiety, age, and type of surgery. In addition,
type of surgery, age, and psychological distress were sig-
nificant predictors for analgesic consumption [11]. More-
over, pain assessment in the elderly may be problematic
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due to differences in reporting and measurement asso-
ciated with age-related cognitive impairment. Thus,
selection of analgesic management needs to balance the
potential efficacy with possible interactions, complica-
tions, or adverse effects in the postoperative period [12].
Opioids remain the mainstay of perioperative pain con-
trol. Pioneer studies have reported no significant corre-
lation between opioid doses and patient’s weight but a
significant correlation with patient age [13—15].

This paper examines some pharmacokinetic age-related
aspects and their relationship with the use of opioids in
the perioperative period.

Changes in body composition

With regard to body composition, total body water vol-
ume progressively decreases with age. This results in
lower volumes of distribution and consequently higher
plasma concentrations of hydrophilic drugs [16]. While
muscle mass decreases with age, fat forms a relatively
greater proportion of the total body mass [17]. Muscle
tissues are considered to be “pharmacokinetically active”
as they have a high blood flow and participate in distri-
bution of most anesthetic drugs. Indeed, fat tissues have
a lower blood flow but a high capacity to slowly absorb
drugs, particularly liposoluble drugs. Consequently, vol-
umes of distribution of lipophilic drugs can be similar
or even higher in older patients compared with younger
ones.

Aging is also associated with changes in the composi-
tion of the blood, with lower concentrations of plasma
proteins, including albumin or glycoprotein. This phe-
nomenon causes significant changes in the unbound and
active fraction of highly protein-bound drugs. In addi-
tion, for a significant number of older patients, the use
of multiple drugs and coexistent chronic diseases are
of concern [18]. A pharmacokinetic model estimated
slower rates of fast distribution and a lower capacity for
fast distribution in elderly patients [17]. The age-related
adjustments in these models are all concordant with
the changes in the pharmacokinetics of these drugs in
the elderly. When these models are used for controlling
target-controlled infusions, older patients receive one
or more of smaller induction boluses and lower mainte-
nance infusion rates for the same target concentrations as
in younger patients [19].

Changes in organ function

The function of all organs progressively decreases [20].
Cardiac output is usually modestly affected, but sympa-
thetic activity is reduced so that the response to changes
is impaired. Hemodynamic impairment by anesthetic
drugs is principally due to a reduced peripheral vascu-
lar resistance caused by a decreased vasoconstrictor
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sympathetic activity. In addition, systemic vascular com-
pliance increases, thus reducing left ventricular preload
as well as stroke volume. In patients with good myocar-
dial function, this is accompanied by a counterclockwise
shift of the Frank-Starling curve to maintain cardiac out-
put [21]. However, this compensatory activity might be
reduced in patients with cardiovascular diseases. Other
factors may exacerbate the hypotensive responses to
anesthetic drugs and include the use of antihypertensive
drugs and diuretics, age-related blunting of 5-adrenergic
responses, a reduced cardiovascular compliance, and
comorbidities, such as diabetes and atherosclerosis,
which will result in a dysfunction of autonomic reflexes.

Both mechanics and control mechanisms of pulmonary
function are affected in the elderly. Chest wall becomes
stiffer, and the reduced compliance increases the work of
breathing. The decrease of elastic lung activity increases
the closing volume. Inspiratory and expiratory func-
tional reserves decline with aging. In addition, protec-
tive reflexes are less efficient, and response to hypoxemia
and hypercarbia is less effective, so that the use of opi-
oids and benzodiazepines may be of concern [22]. Liver
blood flow and size decrease by approximately 35% in
aged population. An increasing age and frailty status also
impact blood flow and protein binding and drug metabo-
lism. The sum of these deficits with increasing age results
in a decline in the functional capacity of the liver. These
changes can have a significant influence on the pharma-
cokinetics and pharmacodynamics of prescribed drugs.
Age-related change in liver function causes much of the
variability in older people’s responses to drugs [23, 24].

Renal blood flow, glomerular flow rate, and creatinine
clearance decrease in parallel with age. This is relevant
to drugs that undergo renal clearance. Independently of
any comorbid process, both the central and peripheral
nervous systems are affected with increasing age due to
a loss of cortical gray matter, a decrease of neurotrans-
mitters release and enzymes responsible for postsynaptic
degradation, and functional connections decrease. These
changes limit the ability to integrate the various neu-
ral inputs. Aging is also associated with loss of neuronal
activity in the autonomic nervous system [22].

Pharmacokinetic changes

The pharmacokinetics of most drugs are commonly
explained mathematically by a three compartment
model, which involves two distribution compartments.
In the first compartment (central), the volume into which
drugs are initially distributed after intravenous adminis-
tration is relatively unaffected by age. The other two com-
partments represent two distribution processes, with two
separate distribution processes with different time con-
stants and capacities [17].
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The first distribution process is determined by a rapid
distribution into a fast distribution compartment, with
preferential distribution into well-perfused tissues, such
as muscles and organs. For example, for fentanyl, it is the
rapid distribution that limits the duration of the clinical
effect. In the elderly, rapid distribution is generally slower
due to changes in muscle mass and organ size and per-
fusion. After a loading dose, plasma concentrations and
consequently the clinical effect decrease more slowly.

The second distribution process is determined by a
slower distribution into a third compartment, that is
represented by poorly perfused tissues, such as fat. This
process is slow, as these tissues have a high capacity to
absorb drugs, especially lipophilic drugs, such as fenta-
nyl or methadone. Considering the body composition
changes in older patients, this process may be similar
or slower. However, there will be similar or even larger
capacity to store drugs, determining a greater tendency
to accumulate drugs with lipophilic properties. In non-
compartmental pharmacokinetic terms, this will result in
a slower elimination half-life. Thus, the overall volume of
distribution of lipophilic drugs, which can be represented
by the sum of the compartments, can be increased in the
elderly [17].

Metabolism

Glomerular flow rate and creatinine clearance decrease
in parallel with age. This is relevant for drugs that
undergo renal clearance. Hepatic blood flow declines by
10% per decade of life, and hepatic mass also decreases.
Most analgesic drugs are inactivated by hepatic metab-
olism. The amount of active drug removed from the
blood depends on the hepatic blood flow and the hepatic
extraction ratio. Extraction ratios depend on lipid solu-
bility and the activity of the metabolizing enzymes. Many
analgesic drugs used by elderly patients, unless mor-
phine and hydromorphone, are either cytochrome P450
inhibitors or activators. Metabolic clearance rates exceed
hepatic flow rates [25].

Excretion

Most opioid drugs are excreted by the kidney in both
unchanged form of excretion of water-soluble metabo-
lites, resulting from hepatic metabolism of the parent
drug (such as morphine 6- and morphine 3-glucuronide,
which are the principal metabolites of morphine) [26].
Renal impairment becomes more relevant with increas-
ing age as the glomerular filtration rate declines by an
estimated mean of 0.75-0.9 mL/min annually after the
age of 30—40 years. Consequently, a patient aged 80 years
can be expected to have approximately 2/3 of renal func-
tion they had when they were younger [27]. Most opi-
oids are eliminated primarily in urine, making dosage
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adjustments necessary in patients with renal impair-
ment. Several drugs are excreted changed or unchanged
in the bile, including morphine metabolites agents. Thus,
age-related reductions in organ blood flow and function
result in slower excretion of drugs [28].

Common opioid analgesics used

in the perioperative period

The metabolic pathways for opioids commonly used in
the perioperative period are shown in Table 1.

Tramadol

Tramadol is a dual centrally acting analgesic drug with
opioid-like effects that acts either by binding to the
p-opioid receptor and inhibiting noradrenaline and
serotonin reuptake. Its analgesic potency is 1/3 of that
of morphine. Its active metabolite (O-desmethyltrama-
dol) is more potent p agonist than the parent drug and
is renally excreted [29]. With a reduced liver function,
metabolic clearance of tramadol is decreased, and con-
sequently, its half-life is increased. Therefore, the dose
used in elderly patients with renal or liver failure should
be decreased. In older patients, it may be advisable to
increase the period between doses. Of interest, 8% of
people are resistant to the analgesic effects of tramadol
because of a low activity of cytochrome P450 2D6, which
converts tramadol to O-desmethyltramadol. Tramadol
will result to be ineffective for these patients. Some of its
advantages are that it is better tolerated than morphine,
with less respiratory depression and constipation [29].
However, the use of tramadol seems to be associated
with an increased risk of postoperative delirium [30].
This agent should be used with caution in patients with
a history of epilepsy and those taking concomitant sei-
zure threshold-lowering agents [18]. In addition, trama-
dol has marked interactions with monoamine oxidase
inhibitors and with serotonin reuptake inhibitors, often
used among older patients. The combination of these
drugs with tramadol could expose the patient to sero-
tonin syndrome, which is characterized by autonomic

Table 1 Metabolic pathways for opioids commonly used in the
perioperative period

CYP2D6 CYP3A3/4 CYP2B6 UGT

oo

Morphine

o oo

Oxycodone
Hydromorphone o
Methadone o °

Tramadol

Fentanyl

° or ° means the relevance of CYP on the metabolisms of the various opioids (in
column)
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hyperactivity and cognitive-behavioral dysfunction
triggered by increased serotonergic stimulation. These
phenomena are explained by the reuptake inhibition of
serotonin, the release of serotonin in the synapse, and
inhibition of monoamine oxidase. For these reasons, the
use of tramadol is contraindicated in patients who are
receiving MAO inhibitors [31-33].

Morphine

The physiological changes in elderly patients induce
several modifications in morphine pharmacokinetics
and pharmacodynamics properties [29]. These include
an increase in decrease in volume of distribution, mean
elimination half-life, clearance, and protein binding and
increase in brain sensitivity. Elimination half-life for mor-
phine is 4.5 h in elderly, significantly longer than the 2.9 h
reported in younger patients. After an intravenous mor-
phine injection, the peripheral compartment morphine
concentration is higher in the elderly. The increase in
analgesic potency of morphine in elderly patients might
be due to the increased peripheral compartment concen-
tration and to a longer duration of action. Older patients
tend to be more sensitive to equivalent doses and blood
levels of opioids, producing greater and more prolonged
pain relief [26, 33, 34]. Morphine is highly extracted by
the liver and is metabolized into two major metabolites:
morphine-3-glucuronide (M3G) and morphine-6-glucu-
ronide (M6G). Hepatic impairment is a nonsignificant
factor influencing pharmacokinetics of morphine. M6G
accumulates in blood and penetrates the blood brain bar-
rier, binding with strong affinity to opioid receptors and
exerting a potent analgesic effect. While M6G is acting as
an analgesic, M3G has been shown to antagonize effects
of both morphine and M6G or not having any analgesic
effect. The parent—metabolite relationship is dramatically
changed in patients with renal dysfunction, making opi-
oid toxicity more likely. Physicians should be aware of the
risks of administering morphine to patients with severe
renal impairment [26, 35]. Evaluation of creatinine clear-
ance is relevant in elderly patients, when using morphine,
as the most common adverse effects in older patients
with reduced renal function is the risk of respiratory
depression. For these reasons, doses of morphine must
be reduced by 30-50% in older patients [14, 33, 36].

Fentanyl-alfentanil

Fentanyl has been the first of a series of opioids char-
acterized by rapid onset, predictable metabolism, and
rapid offset. Alfentanil differs from fentanyl for a higher
unionized fraction and a smaller volume of distribu-
tion, which result in a faster onset of activity. Fentanyl
is metabolized in the liver to inactive substances that
are excreted in the urine. Less than 10% of the fentanyl
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is excreted unchanged in the urine. Fentanyl is a high
extraction drug, mainly converted by CYP3A4-medi-
ated N-dealkylation to norfentanyl. Fentanyl is bound
to plasma proteins. As a consequence, clinical problems
affecting protein levels may change plasmatic levels of
fentanyl [33]. Fentanyl could be better tolerated than
morphine, due to lack of metabolite accumulation. Liver
function and use of a CYP3A4 —inducers may signifi-
cantly change serum fentanyl concentration. Controver-
sies exist about the real influence of renal dysfunction
in patients receiving fentanyl. In contrast to morphine,
fentanyl is not easily dialyzable. This could potentially be
an advantage in some specific conditions. Patients can
maintain a relatively constant plasmatic level of fentanyl,
without determining a decrease in analgesia due to drug
removal during dialysis [26].

Age did not significantly influenced the pharmacoki-
netics of these drugs [22]. It has been shown that the C50
for EEG depression decreased by 50% in older subjects
[37]. This suggests that a pharmacodynamic rather than
a pharmacokinetic mechanism may explain the need to
reduce the dose in the elderly to approximately 50% to
allow older patients to recover from the effects of the
drug as quickly as younger patients [38].

Remifentanyl

The combined pharmacokinetic and pharmacodynamic
differences in older patients reduce dose requirements
of remifentanil to as little as 1/3 of that required in
younger patients. The volume of the central compart-
ment decreases by 20% and clearance by 30 at 80 years.
In addition, the C50 for EEG depression is reduced by
50% in elderly subjects. Most importantly, the t% of
plasma-effect site equilibration is also increased. Moreo-
ver, an age-dependent increase in the time to maximum
drug effect was found. In the elderly, the peak concentra-
tion is similar to that of younger individuals after an ini-
tial bolus dose, but it takes slightly longer to be reached
because of slower equilibration between blood and effect
site concentration. The time to peak drug effect is nearly
doubled in elderly patients, occurring more than 2 min
after a bolus dose is given [39]. This means that blood
concentrations are higher in elderly subjects because of
a smaller central compartment, although the effect site
concentration does not increase because of a less rapid
equilibration. The onset and offset are much slower in
older subjects [40]. Thus, increased sensitivity and slower
onset of action should suggest clinicians to either pro-
vide a smaller bolus dose, by 50%, followed by a similar
reduction in the infusion rate with adequate allowance
for the increased time to effect, before titrating the dose
upwards. Alternatively, the bolus dose can be avoided.
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Taken together, these data suggest that in the elderly,
lower initial doses, infusion rates, and target concentra-
tions of remifentanil should be used. The infusion rates
or target concentrations should be increased only after
a longer period of time has passed in comparison with
younger patients [17].

Hydromorphone

Hydromorphone is an analog of morphine. Like mor-
phine, it is transformed in the liver by UGT1A3 and
UGT2B?7 to glucuronides, in three hydrophilic substances
eliminated by the kidney. Hydromorphone is not metab-
olized by CYP450 to any great extent. It has low protein
binding (19%) [41]. Hydromorphone and its metabolites
accumulate in renal dysfunction, resembling the prob-
lems emerging with morphine and its metabolite elimi-
nation in such circumstances (the mean ratio of H3G to
hydromorphone may increase to 100:1). In fact, these
substances are active and may contribute in produc-
ing opioid adverse effects. Hydromorphone is 8.5 times
as powerful as morphine when administered intrave-
nously [42]. A long-lasting half-life of about 39 h occurs
in severe renal impairment as compared to about 15 h in
normal renal function [43, 44].

Oxycodone

Oxycodone is a semisynthetic opioid agonist. Oxycodone
is metabolized through CYP3A4 and partially CYP2D6.
About 80% is metabolized to noroxycodone formed by
an N-demethylation reaction catalyzed by CYP3A4 and
10% to oxymorphone after demethylation by CYP2Dé.
Noroxycodone, oxymorphone, and conjugated forms
of oxycodone are the major metabolites. Oxymorphone
contributes minimally with clinical activity of the parent
drug.. Genetic changes or drug—drug interactions may
easily disrupt this equilibrium, and metabolism diver-
sion may produce unexpected outcomes [45]. Inhibiting
both the CYP3A4 and CYP2D6 pathways may change
the clearance of oxycodone, highly increasing oxycodone
concentrations, and then its toxicity [46]. In different
genetic categories grouped as ultrarapid, extensive, and
poor metabolizers, different plasma concentrations of
the active metabolite oxymorphone were found, although
this did not necessarily translate into a clinical differ-
ence in oxycodone requirement or analgesic response
[47]. Most metabolites, as polar substances produced by
hepatic biotransformation, are principally eliminated by
kidneys. Clearance of the drug is affected by hepatic and
renal dysfunction [26]. Most metabolites are eliminated
by the kidneys. Oxycodone has a higher protein affin-
ity (46%) than hydromorphone, suggesting that it may
be dialyzed. Clearance of the drug may be affected by
hepatic and renal dysfunction [33]. Age is an important
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factor affecting the pharmacokinetics of oxycodone.
Following intravenous administration of oxycodone,
patients aged>70 years are expected to have 40-80%
higher exposure to oxycodone than young adult patients
[48]. In a two-compartment linear model, lean body mass
and age were found to be significant covariates for elimi-
nation clearance and the volume of the central compart-
ment. The elimination half-life of oxycodone showed an
age-dependent increase [49]. As oxycodone pharmacoki-
netics are greatly dependent on the age of the patient, it is
important to titrate the analgesic dose individually [48].
Dosing should be carefully titrated to avoid considerable
accumulation of oxycodone and adverse adverse effects.
Plasma concentrations of oxycodone and its metabo-
lites decreased within 240 min of dialysis, causing a little
enhance in post-dialytic pain intensity [50].

Methadone

Methadone is a highly lipophilic substance that is highly
protein bound, predominantly a glycoprotein, which is
an acute reactive protein fluctuating according to several
clinical conditions and concomitant drugs [51]. Higher
levels of this glycoprotein may decrease the effects of
methadone. Conversely, lower concentrations may
increase free plasma concentrations, thereby increas-
ing methadone clinical effects. Accordingly, medications
that affect protein binding have the potential to interact
with methadone. Methadone has a large volume distri-
bution, with tissue binding being higher than protein
binding, and accumulation occurs with repeated dosing.
Methadone is a low-extraction drug and is metabolized
mainly by N-methylation to inactive metabolites. The
activity of CYP3A4 varies considerably between indi-
viduals and explains the large differences in methadone
clearance and doses needed for analgesia. Methadone is
subject to serious drug interactions at CYP3A4. Induc-
ers, inhibitors, or substrates of the CYP450 enzyme
system may change methadone metabolism, including
antidepressants, antibiotics, antifungals, anticonvulsants
and benzodiazepines, cardiac-related medications, and
antiretroviral drugs [33]. Some of these drugs are often
used in the perioperative period. It does not accumulate
in renal failure and is not filtered during hemodialysis,
thus maintaining relatively constant concentration [26].
Methadone-induced QT prolongation is of concern,
as a large amount of variables may increase its plasma
concentration with dramatic consequences, particu-
larly when using high doses. However, the clinical con-
sequences are controversial [52]. Recently, studies have
shown that intravenous methadone produces an effective
postoperative analgesia and lowers opioid consumption
in the postoperative period, without more adverse effects
in comparison with other opioid analgesics, and may
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have an interesting potential to prevent persistent post-
operative pain [53]. However, in older patients, the use of
methadone may be of concern because of its long half-life
and propensity for drug accumulation in older patients.

Specific problems

Chronic kidney disease is a global health problem, as 50%
of the patients with chronic kidney disease are older than
70 years [54]. It is probable, according to information on
opioid pharmacokinetics, to propose carefulness with
particular opioids in the pain management of patients
with chronic kidney disease. Modifications in the dosing
or choice of drugs are essential in chronic kidney disease
because of complications due to the decreased removal
of drugs or their metabolites. Morphine and codeine
should be probably avoided in older patients with renal
impairment and used with excessive carefulness. Tram-
adol, oxycodone, and hydromorphone can be used by
patient monitoring, while methadone, transdermal fen-
tanyl, and buprenorphine seem to be safe to use in older
non-dialysis patients with renal impairment [26]. Clinical
suggestions for using and dosing opioids in patients with
hepatic or renal impairment are listed in Table 2.

Dose titration in recovery room

Intravenous administration of opioids is usually recom-
mended for acute pain relief in the immediate postop-
erative period and the use of small intravenous. Doses of
morphine (<5 mg) allow rapid titration to adequate pain
relief. The main challenge is to administer the subsequent
doses taking into account the residual effects of the first
dose. In a patient who is awake, the presence of pain can
be assessed using a verbal or numerical rating scale. For
example, an intravenous morphine titration protocol
would be when pain increases to 3/10, and intravenous
morphine is titrated until pain relief is achieved using a
short interval between boluses (5 min) and no upper limit
for the total administered dose [55, 56]. A sleepy patient
should be considered to have pain relief or morphine-
related sedation. Thus, morphine titration is stopped

Table 2 Clinical suggestions for using and dosing opioids in
patients with hepatic or renal impairment

Hepatic impairment Renal impairment

Tramadol Avoid use Avoid use
Morphine Reduce dose Avoid use
Oxycodone Avoid use Avoid use
Hydromorphone Reduce dose Avoid use
Methadone Not advised Reduce dose
Fentanyl Reduce dose Recommended
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if the patient becomes sedated (Ramsay score>2), has
a ventilatory rate of<12 bpm, or an oxygen saturation
of <95%, or has other serious adverse effects, such as
allergy, hypotension, and severe vomiting. Using this
titration protocol, the percentage of patients with pain
relief (defined as a pain level <30 mm) may be up to 98%
with a very low incidence of severe adverse events such
as severe ventilatory depression (< 1%) [55-57].

The administration of small boluses of morphine prob-
ably increases the time to pain relief but decreases the
risk of adverse events related to morphine dose accu-
mulation. Repeating i.v. doses of 5 or 10 mg, rather than
doses of 2 or 3 mg, is inappropriate in an opioid-naive
patient [58-60].

The relationship between the pain relief, as reflected
by the pain scores, and time is important. In a large
study, patients with higher initial pain scores required
more incremental doses of morphine to reach an
acceptable level. This relationship may have important
consequences. It is important to note that during intra-
venous morphine titration, pain scores do not mark-
edly change until the morphine dose approaches that
dose needed to obtain pain relief and then it abruptly
decreases. The use of intravenous titration is aided by
an understanding of the time course of pain scores dur-
ing the pain relief process and the pharmacokinetic
properties of i.v. morphine. The administration of small
boluses of morphine may probably result in increasing
the time to pain relief but decreases the risk of adverse
events related to morphine dose accumulation. Repeat
intravenous doses of 5 or 10 mg, rather than doses of
2 or 3 mg, is inappropriate in an opioid-naive patient,
particularly older patients. Some factors predicting
morphine requirements in the recovery room have
been examined. Ethnicity (Caucasians), emergency sur-
gery, major surgery, surgery exceeding 100 min, and
moderate-to-severe pain were independent predic-
tive factors of early morphine requirements in the the
recovery room [61]. In older patients, a reduced dose of
opioids is usually recommended because of changes in
pharmacokinetics and pharmacodynamics [62]. How-
ever, as there is a large variability in dose requirements,
titration should adapt the dose to the pain. There is no
evidence that titration should take into account the
age of the patients. In studies using the same protocol
of intravenous morphine titration in young and older
patients, pain scores were not significantly different in
the two groups before, during, and at the end of mor-
phine titration, and the number of patients with pain
relief was also equivalent [55, 58, 63]. In addition, when
the dose of titrated morphine was normalized for body
weight, that is lower in elderly patients, no significant
difference was observed between groups. The number
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of morphine-related adverse effects, the number of
sedated patients, and the number of patients requiring
discontinuation of morphine titration were not differ-
ent. A study after hip surgery confirmed that the dose
of morphine (normalized for body weight) was not sig-
nificantly modified in elderly patients [64]. Thus, the
dose of intravenous morphine during “acute” postop-
erative titration is not significantly modified in elderly
patients, although the dose of morphine given over the
first 24 h is reduced by 40%.

Patient-controlled analgesia

Age-related increases in the analgesic efficacy of mor-
phine have been consistently reported in the postop-
erative period. In comparison with younger patients,
the elderly achieves greater pain relief in response to
a fixed dose of morphine [65]. Patient-controlled anal-
gesia (PCA) offers advantages in this population as it
provides the opportunity to tailor the doses to the indi-
vidual. Morphine is the most widely used and presently
the most suitable drug for use in PCA in the elderly.
Using PCA, patients self-administered less opioid than
younger patients, reporting comparable pain relief [14]
and high satisfaction [66]. There was an inverse correla-
tion between age and morphine consumption in both
males and females, while no correlation was found
between morphine consumption and patient weight
[64, 67]. Studies have indicated that after acute pain
has been brought under control, PCA should be initi-
ated at a dose of 1-1.5 mg, with a lockout period of 5
to 7 min. A continuous background infusion of opioids
is not recommended. Morphine is the preferred drug
for PCA because it is a well-known, efficient, and inex-
pensive agent. However, in patients with renal impair-
ment, fentanyl, with no active metabolites, quick onset,
and a short duration of action, might be preferred [12,
65]. Education of patients and healthcare profession-
als is fundamental to optimize the utility of PCA in
older patients. Every effort should be made to avoid the
development of postoperative confusion, as this is asso-
ciated with an increased risk of inefficient pain relief
and its serious consequences [68]. Close monitoring
and evaluation of the patient throughout the periopera-
tive period are required to ensure the appropriate and
successful use of PCA in elderly patients. Patients who
used opioid-IV PCA were at increased risk of develop-
ing delirium compared with patients using postopera-
tive oral opioid analgesics [69]. As neuraxial analgesics
may confer equal risk in the development of a postop-
erative delirium, it seems that factors other than doses
of opioid analgesics may play an important role in the
development of postoperative cognitive dysfunctions.
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Conclusion

Perioperative pain management of the elderly is complex.
Coexistent diseases and concurrent medications put
older patients at risk of drug-drug and disease-drug inter-
actions. Selection of appropriate drug therapy requires
an understanding of age-related pharmacokinetic and
pharmacodynamic changes and should take into account
any coexisting diseases and other medications. In the
last years, significant improvements in medical knowl-
edge and technology and changes in social norms and
health policy have allowed outcomes not imaginable in
the elderly until a few years ago. As increasingly com-
plex diagnostic and therapeutic techniques have been
introduced, advanced age is no longer seen as a barrier
to surgery and anesthesia. Opioids can be chosen accord-
ing to specific comorbidities and polypharmacy, by using
different techniques and routes of administration and
advanced monitoring. Research and education about
pain management in the elderly should have priority in
medicine worldwide.

Acknowledgements
None.

Author’s contributions
SMis the only author, responsible for the entire paper preparation.

Funding
None.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not necessary.

Consent for publication
Not necessary.

Competing interests
The authors declare no competing interests.

Received: 1 May 2024 Accepted: 10 July 2024
Published online: 01 August 2024

References

1. US. Department of Health and Human Services Administration on Aging.
Available at: http://www.aoa.gov/Aging_Statistics/Profile/2013/2.aspx

2. UN.World population ageing.https://www.un.org/en/development/
desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-
Highlights.pdf.

3. Ogura s, Jakovljevic MM (2018) Editorial: global population aging—
health care, social and economic consequences. Front Public Health
6:335

4. Starr RS, Stefan M (2016) Perioperative assessment of and care for the
elderly and frail. Hosp Med Clin 5:224-241

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

Page 8 of 9

Hamel MB, Henderson WG, Khuri SF et al (2005) Surgical outcomes for
patients aged 80 and older: morbidity and mortality from major noncar-
diac surgery. J Am Geriatr Soc 53:424-429

Sommer M, de Rijke JM, van Kleef M et al (2008) The prevalence of post-
operative pain in a sample of 1490 surgical inpatients. Eur J Anaesthesiol
25:267-274

Esses G, Deined S, Ko F, Khelemsky Y (2020) Chronic post-surgical pain in
frail older aduly. Drugs Agine 37:312-319

Van Dijk JEM, Zaslansky R, van Boekel RLM et al (2021) Postoperative
pain and age: a retrospective cohort association study. Anesthesiology
135:1104-1119

Turrentine FE, Wang H, Simpson VB, Jones RS (2006) Surgical risk factors,
morbidity, and mortality in elderly patients. J Am Coll Surg 203:865-877

. Balcombe NR, Sinclair A (2001) Ageing: definitions, mechanisms and the

magnitude of the problem. Best Pract Res Clin Gastroenterol 15:835-849

. Vivian HY, Abrishami A, Peng PWH, Wong J, Chung F (2009) Predictors of

postoperative pain and analgesic consumption A qualitative systematic
review. Anesthesiology 111:657-677

. Aubrum F, Marmion F (2007) The elderly patient and postoperative pain

treatment. Best Prac Res Clin Anesthesiol 21:109-127

. Gil KM, Ginsberg B, Muir M, Sykes D, Williams DA (1990) Patient-controlled

analgesia in postoperative pain: the relation of psychological factors to
pain and analgesic use. Clin J Pain 6:137-142

. Macintyre PE, Jarvis DA (1996) Age is the best predictor of postoperative

morphine requirements. Pain 64:357-364

. Egbert AM, Parks LH, Short LM, Burnett ML (1990) Randomized trial of

postoperative patient-controlled analgesia vs intramuscular narcotics in
frail elderly men. Arch Intern Med 150:1897-1903

. Beaufrere B, Morio B (2000) Fat and protein redistribution with aging:

metabolic considerations. Eur J Clin Nutr 54(Suppl 3):548-53

. Coetzee E, Absalom AR (2023) Pharmacokinetic and pharmacody-

namic changes in the elderly: impact on anesthetics. Anesthesiol Clin
41:549-565

. Falzone E, Hoffmann C, Keita H (2013) Postoperative analgesia in elderly

patients. Hepatic Drugs Aging. 30:81-90

. Snider TW, Minto CF, Gambus PL et al (1998) The influence of method of

administration and covariates on the pharmacokinetics of propofol in
adult volunteers. Anesthesiology 88:1170-1182

Mercadante S, Arcuri E (2007) Pharmacological management of cancer
pain in the elderly. Drugs Aging 24:761-776

de Wit F, van Vliet AL, de Wilde RB et al (2016) The effect of propofol on
haemodynamics: cardiac output, venous return, mean systemic filling
pressure, and vascular resistances. Br J Anaesth 116:784-789

Ekstein M, Gavish D, Ezri T, Weinboruum AA (2008) Monitored anastehe-
sia care in the elderly Guidelines and recommendations. Drugs Aging
25:477-500

Wynne H (2005) Drug metabolism and ageing. J Br Menopause Soc
11:51-56

Tan JL, Eastment JG, Poudel A, Hubbard RE (2015) Age-related changes
in hepatic function: an update on implications for drug therapy. Drugs
Aging 32:999-1008

Peck T, Harris B (2021) Pharmacology for anaesthesia and intensive care. 5
edition. Cambridge University Press, p 47-67

Mercadante S (2004) Arcuri E Opioids and renal function. J Pain 5:2-19
Smith H, Bruckenthal P (2010) Implications of opioid analgesia for medi-
cally complicated patients. Drugs Aging 27:417-433

Akhtar S (2018) Pharmacological considerations in the elderly. Curr Opin
Anaesthesiol 31:11-18

Coldrey JC, Upton RN, Macintyre PE (2011) Advances in analgesia in the
older patient. Best Pract Res Clin Anaesthesiol 25:367-378

Brouquet A, Cudennec T, Benoist S et al (2010) Impaired mobility, ASA
status and administration of tramadol are risk factors for postopera-

tive delirium in patients aged 75 years or more after major abdominal
surgery. Ann Surg 251:759-765

Boyer EW, Shannon M (2005) The serotonin syndrome. N Engl J Med
352:1112-1120

Gillman PK (2006) A review of serotonin toxicity data: implications for the
mechanisms of antidepressant drug action. Biol Psychiatry 59:1046-1051
Mercadante S (2015) Opioid metabolism and clinical aspects. Eur J Phar-
macol 769:71-78


http://www.aoa.gov/Aging_Statistics/Profile/2013/2.aspx
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf

Mercadante J Anesth Analg Crit Care

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.
54.

55.

56.

57.

58.

(2024) 4:51

Kaiko RF (1980) Age and morphine analgesia in cancer patients with
postoperative pain. Clin Pharmacol Ther 28:823-826

Kristjansson SR, Spies C, Veering BTH et al (2012) Perioperative care of
the elderly oncology patient: a report from the SIOG task force on the
perioperative care of older patients with cancer. J Ger Oncol 3:147-162
Aubrun F, Bunge D, Langeron O et al (2003) Postoperative morphine
consumption in the elderly patient. Anesthesiology 99:160-165

Scott JC, Stanski DR (1987) Decreased fentanyl/alfentanil dose require-
ment with increasing age: a pharmacodynamic basis. J Pharmacol Exp
Ther 240:159-166

Das S, Forrest K, Howell S (2010) General anaesthesia in elderly patients
with cardiovascular disorders choice of anaesthetic agent. Drugs Aging
27:265-282

Minto CF, Schnider TW, Egan TD et al (1997) Influence of age and gender
on the pharmacokinetics and pharmacodynamics of remifentanil | Model
development. Anesthesiology 86:10-23

Perlman R, Giladi H, Brecht K, Ware MA, Hebert TE, Joseph L et al (2013)
Intradialytic clearance of opioids: methadone versus hydromorphone.
Pain 154:2794-2800

Murray A, Hagen NA (2005) Hydromorphone. J Pain Symptom Manage
29(5 Suppl):S57-66

Durnin C, Hind ID, Wickens MM, Yates DB, Molz KH (2001) Pharmacokinet-
ics of oral immediate-release hydromorphone (Dilaudid IR) in subjects
with renal impairment. Proc West Pharmacol Soc 44:81-82

van Ojik AL, Jansen PA, Brouwers JR, van Roon EN. Treatment of chronic
pain in older people: evidence-based choice of strong-acting opioids.
Drugs Aging. 2012;29(8):615-25.

Sloan PA, Barkin RL (2008) Oxymorphone and oxymorphone extended
release: a pharmacotherapeutic review. J Opioid Manag 4:131-144
Samer CF, Daali Y, Wagner M et al (2010) The effects of CYP2D6 and
CYP3A activities on the pharmacokinetics of immediate release oxyco-
done. Br J Pharmacol 160:907-918

Gronlund J, Saari TI, Hagelberg NM et al (2010) Exposure to oral
oxycodone is increased by concomitant inhibition of CYP2D6 and 3A4
pathways, but not by inhibition of CYP2D6 alone. Br J Clin Pharmacol
70:78-87

Andreassen TN, Eftedal |, Klepstad P et al (2012) Do CYP2D6 genotypes
reflect oxycodone requirements for cancer patients treated for cancer
pain? A cross sectional multicentre study. Eur J Clin Pharmacol 68:55-64
Liukas A, Kuusniemi K, Aantaa R et al (2011) Elimination of intravenous
oxycodone in the elderly: a pharmacokinetic study in postoperative
orthopaedic patients of different age groups. Drugs Aging 28:41-50
Saari |, Khmse H, Neuvonen J, Olkkola KT, Schwilden H (2012) Oxycodone
clearance is markedly reduced with advancing age: a population phar-
macokinetic study. Br J Anaesth 108:491-498

Dolati S, Tarighat F, Pashazedeh F et al (2020) The role of opioids in pain
management in elderly patients with chronic kidney disease: a review
article. Anesth Pain Med 10:e105754

Ferrari A, Coccio CPR, Bertolini A, Sternieri E (2004) Methadone-metabo-
lism, pharmacokinetics and interactions. Pharmacol Res 50:551-559
Mercadante S, Prestia G, Adile C, Casuccio A (2013) Changes of QTc
interval after opioid switching to oral methadone. Support Care Cancer
21:3421-3424

Mercadante S (2023) Intravenous methadone for perioperative and
chronic cancer pain: a review of the literature. Drugs 83:865-871
Meersch M, Schmidt C, Zarbock A (2016) Patient with chronic renal failure
undergoing surgery. Curr Opin Anaesthesiol 29:413-420

Aubrun F, Monsel S, Langeron O, Coriat P, Riou B (2002) Postoperative
titration of intravenous morphine in the elderly patient. Anesthesiology
96:17-23

Aubrun F, Amour J, Rosenthal D, Coriat P, Riou B (2007) Effects of a loading
dose of morphine before intravenous morphine titration for postopera-
tive pain relief. A randomized, double blind, placebo-control study. Br J
Anaesth. 98:124-30

Aubrun F, Langeron O, Quesnel C, Coriat P, Riou B (2003) Relationship
between measurement of pain using visual analog score and morphine
requirements during postoperative intravenous morphine titration.
Anesthesiology 98:1415-1421

Aubrun F, Monsel S, Langeron O, Coriat P, Riou B (2001) Postoperative
titration of intravenous morphine. Eur J Anaesthesiol 18:159-165

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 9 of 9

Lotsch J, Dubziak R, Freynhagen R, Marschner J, Geisslinger G (2006) Fatal
respiratory depression after multiple intravenous morphine injections.
Clin Pharmacokinet 45:1051-1060

Pico L, Hernot S, Négre |, Samii K, Fletcher D (2000) Peroperative titration
of morphine improves immediate postoperative analgesia after total hip
arthroplasty. Can J Anaesth 47:309-314

Dahmani S, Dupont H, Mantz J, Desmonts JM, Keita H (2001) Predictive
factors of early morphine requirements in the post-anaesthesia care unit
(PACU). Br J Anaesth. 87:385-9

Owen JA, Sitar DS, Berger L, Brownell L, Duke PC, Mitenko PA (1983) Age-
related morphine kinetics. Clin Pharmacol Ther 34:364-368

Aubrun F, Langeron O, Heitz D, Coriat P, Riou B (2000) Randomized,
placebo-controlled study of the postoperative analgesic effects of keto-
profen after spinal fusion surgery. Acta Anaesthesiol Scand 44:934-939
Rivera R, Antognini JF (2009) Perioperative drug therapy in elderly
patients. Anesthesiology 110:1176-1181

Mann C, Pouzeratte Y, Eledjam JJ (2003) Postoperative patient-controlled
analgesia in the elderly: risks and benefits of epidural versus intravenous
administration. Drugs Aging 20:337-345

Gagliese L, Jackson M, Ritvo P et al (2000) Age is not an impediment to
effective use of patient-controlled analgesia by surgical patients. Anes-
thesiology 93:601-610

Burns JW, Hodsman NB, McLintock TT et al (1989) The influence of patient
characteristics on the requirements for postoperative analgesia A reas-
sessment using patient-controlled analgesia. Anaesthesia 44:2-6
Lavand’'Homme P, De Kock M (1998) Practical guidelines on the postop-
erative use of patient-controlled analgesia in the elderly. Drugs Aging.
13:9-16

Vaurio LE, Sands LP, Wang Y et al (2006) Postoperative delirium: the
importance of pain and pain management. Anesth Analg 102:1267-1273

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Influence of aging on opioid dosing for perioperative pain management: a focus on pharmacokinetics
	Abstract 
	Highlights 
	Introduction
	Changes in body composition
	Changes in organ function

	Pharmacokinetic changes
	Metabolism
	Excretion

	Common opioid analgesics used in the perioperative period
	Tramadol
	Morphine
	Fentanyl-alfentanil
	Remifentanyl
	Hydromorphone
	Oxycodone
	Methadone

	Specific problems
	Dose titration in recovery room
	Patient-controlled analgesia
	Conclusion
	Acknowledgements
	References


