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Abstract: Anesthesiologists are faced with increasing numbers of elderly patients in their practice due to ageing population, especially 
in Western societies. Ageing is associated with physiologic changes that decrease the ability to respond to surgical and disease-related 
stress. Moreover, elderly patients suffer from significant co-morbidities including diseases of cardiovascular and pulmonary system. 
Both of these factors add to the challenges of anesthetic care in this patient population. Lastly, chronological age alone is an inadequate 
predictor of the response expected in an individual patient (the paradox of the “old” 65 year-old vs. a “young” 85 year -old patient). 
In our review we discuss the physiologic changes of ageing and write about most frequent or significant co-morbidities of old age and 
their effects on the anesthetic choice. We further review sedative and anesthetic agents, pain medications and other adjunct medications, 
which may result in important, potentially detrimental consequences for the elderly patient.
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Introduction
‘Elderly’ is defined as individuals more then 65 years 
old for the Western population, where by the year 2030 
one in five Americans will be elderly.1  Ageing related 
phenotypic changes in combination with age-related 
alterations in cellular homeostatic mechanisms have 
important cardiovascular effects. Addition of the tra-
ditional risk factors further increases the incidence of 
cardiovascular conditions in the elderly. Heart disease 
and stroke account for over 40% of all deaths between 
65 and 74 and close to 60% at age 80 and older.2

Thus, the choice of anesthetic technique and drugs 
for an elderly patient with cardiovascular disease 
must take into consideration age-related, physiologic 
changes associated with ageing.

Physiologic Changes of Ageing
Ageing organs and cells undergo oxidative stress, low-
grade inflammation, senescence-associated secretory 
phenotype, apoptosis and impaired endothelial pro-
genitor function.3–9 Cell aging results in physiologic 
alterations in organ system functions that are high-
lighted below and need to be considered when pro-
viding general anesthesia for an elderly patient.

Cardiovascular
The cardiovascular system in elderly patients is 
inherently unstable,10 as elastance is lost in the arte-
rial wall, venous vessels, and myocardium.11 The 
arterial stiffening causes hypertensive disease—
especially systolic hypertension with a large pulse 
pressure—leading to increased systemic vascular 
resistance.12 Furthermore, reflected pulse waves from 
vessel bifurcations return prematurely and increase 
LV afterload and increased myocardial wall tension 
during the end of the end of systole. Meanwhile, 
stiffening of the venous system leads to the limited 
ability to autoregulate preload, so changes in blood 
volume are poorly tolerated. Myocardial stiffening 
causes delayed relaxation with impaired early and 
late diastolic filling. The impaired left ventricular 
relaxation is readily diagnosed with echocardiog-
raphy tissue Doppler (Fig. 1). In summary, elderly 
patients are dependent on atrial-ventricular conduc-
tion synchrony and atrial contraction to maintain 
optimal cardiac performance.13

Changes of the autonomic nervous system are due 
to sympathetic hyperactivity with β-adrenoreceptors 

desensitization—decreasing inotropic and chrono-
tropic responses.14 Baroreceptor reflex is altered. 
Basal vagal tone in older patients is diminshed 
and the response to medication such as atropine is 
diminished.14,15 Thus, adequate cardiac output and 
organ perfusion become dependent on normal cardiac 
contractility to maintain normal stroke volume in the 
elderly.

Respiratory
Ageing causes structural protein changes in lung and 
chest wall,16 leading to decreases in chest wall com-
pliance, respiratory muscle strength and protective 
cough/swallowing reflexes. Meanwhile, lung com-
pliance, airway resistance, residual volume, small 
airway closure and ventilation-perfusion mismatch 

Figure 1. Mitral annular velocity tissue Doppler. The upper panel illustrates 
a normal subject. Upward wave Sa (systolic myocardial motion) is fol-
lowed by two downward peaks: ea (early diastolic motion) and Aa (atrial 
contraction). Second panel illustrates a subject with impaired relaxation. 
ea wave is decreased and Aa wave increased.
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are increased.17 These changes increase the work 
of breathing, and decrease ventilatory response to 
exercise and impaire gas exchange. Aspiration risk 
is increased as secretion clearance is decreased.18,19 
Lastly, the responsiveness to hypoxemia and hyper-
carbia is decreased and sensitivity to anesthetic 
agents and opioids is markely increased. Thus, elderly 
patients are vulnerable to hypoxemia and hypercarbia 
in the early postoperative period.

Pharmacokinetics and Pharmacodynamics
Important changes in drug processing occur in older 
patients:20

1. Drug absorption and bioavailability—intestinal 
absorption of drugs differ widely from individual 
to individual. Oral drugs such as labetalol, 
verapamil, nifedipine, and lidocaine may have 
increased bioavailability due to a decreased first-
pass metabolism in the elderly,21 whereas  morphine, 
metoprolol, amitriptyline and meperidine are 
unaffected.22

2. Drug distribution—plasma half-life of a drug 
changes directly with the volume of distribution. 
Body fat content increases with age by as much as 
33%–45% and may affect the volume of distribu-
tion. Total body water content, on the other hand, 
is decreased by 10%–15% by the age of 80.23 Thus, 
hydrophilic drugs have a decreased volume of dis-
tribution with a consequent increased plasma con-
centration. By contrast, lipophilic drugs have an 
increased volume of distribution and their plasma 
concentration may decrease. Bolus doses of drugs 
should therefore be modified by 10% to 20% down 
or up. Protein binding may decrease by 15% to 
25% and also affects drug distribution by increas-
ing the free plasma levels of drugs that have high 
protein-binding capacity.20,24

3. Hepatic metabolism—liver size decreases by 
25%–50% with old age. The endoplasmic reticu-
lum is diminished and hepatic extracellular space 
increases. As liver blood flow decreases by 40%, 
bile production is reduced and the rate of synthe-
sis of proteins, lipids and glucose is decreased. 
Routine liver tests do not reflect these significant 
alterations however, although serum albumin 
may decrease slightly.25–27 Drugs with blood-
flow  limited metabolism (high hepatic  extraction) 

have a reduced hepatic clearance in old age, 
which  correlates with the fall in hepatic blood 
flow.20 Drugs with  capacity-limited metabolism 
(low hepatic  extraction) have unaltered hepatic 
clearance.20

4. Renal excretion—Decline in renal function 
begins after the age of 35 and accelerates after the 
age of 50 to 60.28 The aging kidney loses 60% of 
its glomeruli between age 30 and 90 due to pro-
gressive glomerulosclerosis. Glomerular filtration 
rate decreases by 50% by the age of 90 and renal 
blood flow after the age of 40 decreases by 1% 
per year due to patchy tubular atrophy, interstitial 
fibrosis and atherosclerosis caused by oxidative 
stress or actions of angiotensin II.29,30 Creatinine 
clearance, used in clinical practice as a surrogate 
measure of renal function, decreases with age. 
The average decline in creatinine clearance was 
reported to be -0.75 ml/min/year.31 Complicating 
creatinine clearance calculations in the elderly is 
the finding that muscle creatinine (and therefore 
circulating serum creatinine) is usually decreased, 
which leads to artificially high creatinine clear-
ance calculations. Drugs such as aminoglycosides, 
vancomycin, and cefotaxim, which are excreted 
unchanged by the kidney, naturally have decreased 
clearance.32

5. Pharmacodynamics—aging decreases function-
ality of a host of key receptors—altering both 
their density and agonist affinity—that adversely 
impacts signal transduction and intracellular 
response.33 Loss of muscarinic acetylcholine 
receptors in central nervous system characterizes 
older patients with degenerative mental disease 
such as Alzheimer’s. Decreased baroreceptor 
response is at least partly due to a quantitative 
reduction of α1-adrenergic receptors.34 Cardiac 
muscarinic M2 receptors are decreased in number, 
and cardiac β-adrenoreceptors are decreased in 
number and function in aged myocardium. Part 
of the diminished inotropic and chronotropic 
response to catecholamines is due to reduced 
coupling of the β-adrenoreceptor to the Gs 
proteins and the catalytic unit, adenylyl  cyclase.35 
By contrast, the elderly show an increased 
sensitivity to midazolam and diazepam due to 
increased receptor binding and increased  receptor 
functionality.36,37
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While most age-related physiologic changes 
are readily compensated under baseline conditions 
in older patients, the decreased functional reserve 
becomes apparent whenever demand is increased, 
such as during surgery.

Age Related Co-morbidities
Physiologic changes associated with ageing described 
above need to be distinguished from common co-
morbidities present in older population. Leung and 
colleagues analyzed 544 elderly patients and report 
disease prevalence of hypertension (58.1%), ischemic 
heart disease (angina pectoris 16.4%, history of myo-
cardial infarction 9.1% and coronary artery bypass 
grafting 5.9%, PTCA 3.7%), neurologic disease 
(22.4%), pulmonary disease (21.9%), valvular heart 
disease (17.7%), diabetes mellitus (14.9%), conges-
tive heart failure (7.8%), and renal disease (7.6%).38 
The cardiovascular system is highly vulnerable in old 
age, increasing the challenge to maintain homeostasis 
during anesthesia.

1. Hypertension occurs in almost two thirds of elderly. 
Howell and colleagues reviewed 30 observational 
studies and showed the odds ratio for the associa-
tion between hypertension and perioperative car-
diac outcome (ischemic events, arrhythmias and 
hemodynamic instability) to be 1.35 (1.17–1.65),39 
especially when systolic blood pressure is .180 
and diastolic blood pressure .110 mm Hg. 
 However we have no evidence that postponing 
the surgery reduces perioperative risk, so anesthe-
siologists should be prepared to manage intravas-
cular volume depletion and labile blood pressure 
throughout anesthesia.

2. Ischemic heart disease is present in close to 
35% of elderly patients. AHA/ACC guidelines 
published in 2007 provide specific algorithm on 
how to proceed in case of the presence of heart 
disease.40 According to the preoperative evaluation 
guidelines, acute cardiac conditions such as acute 
coronary syndrome, decompensated congestive 
heart failure (CHF), severe aortic or mitral valve 
disease and hemodynamically significant arrhyth-
mias are an indication for surgery cancelation and 
evaluation of the underlying condition, unless the 
surgery is emergent. If none of the acute condi-
tions are present, patient’s physical capacity is 

evaluated. If a patient can function at the level of 
4 metabolic equivalents (MET) or more without 
difficulty, surgery should proceed. MET is used 
as a practical way of expressing the intensity and 
energy expenditure of physical activities compared 
to energy cost of the reference metabolic rate of 
quiet sitting. Moderate intensity activities, such as 
walking at 3.4 mph, golfing, climbing stairs, lei-
surely  bicycling, raking, planting shrubs, or weed-
ing the garden are considered activities level equal 
to 4 Mets (meaning during these activities the per-
son would consume four times the energy of quiet 
sitting). If functional capacity is unknown or lower 
then 4 Mets the risk stratification is based on revised 
Lee cardiac risk index. Risk factors including 
high risk surgery, ischemic heart disease, conges-
tive heart failure, cerebrovascular disease, kidney 
failure with creatinine over 2, insulin-dependent 
diabetes mellitus and age .75 yrs. Patients with 
3 or more risk factors should undergo stress test-
ing to identify patients who may develop ischemia 
and would benefit from 30-day period to optimize 
medical therapy. Long-term beta-blocker therapy 
and statin therapy is recommended in patients 
with 0–2 risk factors prior to high-risk and vascu-
lar surgery. Special care should be taken to main-
tain heart rate below 70 beats/minute and systolic 
blood pressure over 120 mmHg to prevent risk of 
stroke and increased mortality.

3. Heart failure can be systolic or diastolic and is 
associated with high perioperative morbidity and 
mortality.41 Liu and Leung demonstrated that con-
gestive heart failure increased the odds ratio for 
adverse postoperative events [OR 2.7, 95% CI 
1.4–5.3, P = 0.004].42 Clinicians must recognize 
that one-third to one half of all patients with “con-
gestive heart failure” actually suffer from dia-
stolic cardiac dysfunction (defined as left-atrial 
pressure .12 mm Hg to maintain adequate car-
diac output). Often the elevated left-sided filling 
 pressures are due to increased myocardial stiff-
ness and/or delayed relaxation of the myocardium. 
 Diastolic failure conveys equal risk as systolic 
heart failure for perioperative outcomes.43

4. Valvular heart disease—Aortic stenosis is the 
most significant valvular abnormality in elderly 
with severe stenosis likely present in .2% of elderly 
patients.44 Progression of aortic valve disease is 
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reported to be 0.14 cm2 per year.45  Co-morbidities 
such as the severity of valve disease, concomitant 
coronary artery disease, and the intensity of the 
surgical procedure contribute to adverse outcomes 
in non-cardiac surgery.46 Severe or symptomatic 
aortic stenosis requires further evaluation before 
surgery, whereas patients with mild-to-moderate 
aortic valvular stenosis are often appropriate to 
proceed to surgery of limited or modest intensity.

5. Arrhythmias in elderly have been reviewed 
 previously.47 Atrial fibrillation is the most frequent 
supraventricular arrhythmia and impairs cardiac 
performance of the heart—especially those highly 
dependent on atrial contraction for ventricular 
 filling. Conduction defects can occur due to loss of 
pacing myocytes, necrosis of muscle cells, extensive 
fibrosis, microcalcification and infiltrating adipose 
and amyloid into the bundle of His. Sinus bradycar-
dia is also commonly observed in elderly and may 
indicate impending complete heart block.48

6. Diabetes leads to end-organ injury of cardiovas-
cular, renal, and central nervous systems, and is 
therefore associated with adverse perioperative 
outcomes. Diabetes is also an independent predic-
tor of long-term decreased quality of life follow-
ing surgery.49,50 The optimal intraoperative blood 
glucose concentration remains controversial, as 
several recent meta-analyses of intensive insu-
lin therapy trials found severe hypoglycemia an 
important and common adverse side-effect. It is 
likely that aggressive glycemic control is beneficial 
but only in a select group of surgical patients.51

7. Malnutrition is associated with increased morbid-
ity and mortality.52 Albumin is an important pre-
dictor of adverse postoperative outcomes, where 
serum concentrations ,21 gm/L are associated 
with nearly a 30% mortality.53 Clinicians may find 
the Mini Nutritional Assessment and Subjective 
Global Assessment useful as it predicts mortality 
in elderly surgical patients.54 Hypoalbuminemia is 
also associated with adverse reactions to iv medi-
cations because of greater bioavailability of protein 
bound drugs. For instance, a case report associated 
propofol with the onset of torsade de pointes in a 
severely hypoalbuminemic patient.55

8. Cognitive function affects postoperative mor-
bidity and mortality. Alzheimer’s disease, an 
important predictor of postoperative cognitive 

 dysfunction, is present in 6% to 8% of patients 
65 years and older. Postoperative delirium is more 
likely in patients with dementia and is associated 
with a marked increase in surgical mortality.56,57 
 Evaluation of preoperative cognitive function with 
the Folstein Mini-Mental State examination can 
predict the risk for postoperative delirium and post-
operative cognitive dysfunction. Additional risk 
factors include advanced age, lower educational 
level, sensory impairment, decreased functional 
status, co-morbid medical illnesses, malnutrition 
and depression.58 Precipitating hospital factors 
are orthopedic surgery, vascular surgery and car-
diac surgery, emergent procedures, delayed hip 
surgery, peri-operative hemodynamic instability, 
hypoxemia, electrolyte disturbance, transfusion 
requirement, sleep deprivation, urinary catheter, 
immobility, poorly controlled pain, polypharmacy, 
benzodiazepines, anticholinergics and meperidine 
(Table 1). Postoperative care of elderly can be 
complicated by either postoperative delirium (PD) 
or postoperative neurocognitive disorder (POCD). 
Fluctuating levels of consciousness and temporary 
abnormalities in memory and perception charac-
terize PD. Hyperactive, hypoactive and mixed 
subtypes have been described.59,60 POCD is a con-
dition with a variable time course characterized by 
impaired concentration, language comprehension, 
and social integration. These deficiencies manifest 
themselves days to weeks after surgery.61 In vitro 
experiments have suggested that some anesthet-
ics may interfere with the processing of amyloid 
β peptide.62 Amyloid β peptide oligomerization is 
observed in neurodegenerative disease processes 
such as Alzheimer’ disease. Nuclear magnetic res-
onance spectroscopic studies suggest that smaller-
sized volatile anesthetic agents such as isoflurane 
and sevoflurane will promote amyloid β peptide 
oligomerization.63,64 Larger molecules of propofol, 
thiopental and diazepam, have not been observed 
to induce these same amyloid changes. Clinical 
studies, on the other hand, have not been able to 
demonstrate significant difference in cognitive 
outcomes between elderly patients who underwent 
general or regional anesthesia. The perioperative 
cognitive dysfunction may be due to factors other 
then anesthetic agents, such as global periopera-
tive stress hormone release.65
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As our population demographics continue to shift 
into the seventh, eighth, and ninth decades of life, the 
complexity of patient care will still be dominated by 
cardiovascular disease. Clinicians must anticipate 
decreased compensatory reserve and greater sensitiv-
ity to many drug effects. Guidelines will continue to 
be developed that assist our perioperative manage-
ment of these patients.40 Improved therapies for dia-
stolic dysfunction, cardiac arrhythmias, malnutrition, 
and chronic inflammation will optimize patient care 
in the elderly.

General Anesthesia in Elderly Patients 
with Cardiovascular Conditions
Surgery demands augmentation in global blood flow 
to match increased metabolic requirements commen-
surate with surgical stress. However, these compensa-
tory mechanisms may be limited in the elderly. Blunted 
β-adrenoceptor responsiveness results in decreased 
responsiveness of heart rate, ejection fraction, and 
global cardiac output. Simultaneous increases in end-
diastolic volume, left ventricular size, and myocar-
dial O2 demand are observed. In combination with 
reduced or absent preload reserve due to an inelas-
tic venous capacitance system, the patient is at an 
increased risk of circulatory failure. Preload is further 
decreased due to the depleted intravascular volume 
as a consequence of diuretic therapy and NPO status 
associated with surgery. Other cardiac co-morbidities 
such as ischemic heart disease, systolic and/or dia-
stolic heart failure, and valvular abnormalities further 
decrease cardiovascular reserve.

Table 2 lists frequently used sedative, anal-
gesic and induction medications for all patients. 

Table 1. Commonly used sedatives, induction agents and opiates in elderly. The target receptor, perioperative use, active 
metabolite, and cardiovascular effects are summarized.

Receptor Use Active metabolite Cardiovascular effects
Midazolam GABAA Sedation Yes Minor decrease in BP
Diazepam GABAA Sedation Yes Minor decrease in BP
Fentanyl μ Analgesia No Bradycardia, mild decrease in BP
Hydro-morphone μ Analgesia No Bradycardia, mild decrease in BP
Morphine μ Analgesia Yes Bradycardia, moderate decrease in BP 

(histamine release)
Remi-fentanyl μ Analgesia No Bradycardia, decrease in BP
Propofol GABAA Sedation/induction No Big decrease in BP, bradycardia
etomidate GABAA Sedation/induction No Mild to moderate decrease in BP
Thiopental GABAA Sedation/induction Yes Big decrease in BP
Dexmedetomidine α2a agonist Sedation/analgesia No Bradycardia, mild decrease in BP

Table 2. List of medications that have been demonstrated 
to be associated with delirium.

Neuroleptics
Fentanyl
Morphine
Meperidine
Oxycodone
Codeine
Midazolam
Diazepam
Lorazepam
Dephenhydramine

When choosing the appropriate agent for the elderly, 
those with active metabolites must be avoided or 
used  cautiously—especially in those with decreased 
hepatic or renal reserve. Cardiovascular side-effects 
are usually characterized in healthy young volunteers, 
and therefore practitioners should expect exaggerated 
effects in the elderly.

Perioperative cardiovascular home medications
Most—but not all—baseline cardiovascular medica-
tions should be continued right up until the time of 
anesthesia and surgery. The AHA/ACC guidelines 
suggest continuation of perioperative beta-blockers 
as a Class I recommendation.40 The intraoperative 
goal is titration of medications to maintain tight heart 
rate control, to rates of 70–80 bpm. In recent years 
significant evidence suggests a protective effect of 
perioperative statins, which reduce cardiac com-
plications during noncardiac surgery. Perioperative 
use of calcium channel blockers reduces ischemia 
and supraventricular tachycardia and is associated 
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with decreased myocardial infarction and  mortality. 
Some of these and other drugs used in the periopera-
tive period may be associated with significant intra-
operative hypotension, especially during induction 
in elderly patients.66 At this time, clinical investiga-
tions have not yet demonstrated an association of 
such transient hypotension and poorer postoperative 
outcomes.

Preoperative sedation
Preoperative sedation is often unnecessary in 
elderly. Midazolam is metabolized in the liver to 
 1-OH-midazolam, an active metabolite with 25% the 
potency of the parent compound (midazolam). This 
often leads to prolonged confusion and increased 
delirium in the postoperative period. Due to loss of 
hepatic tissue with age and reduced hepatic perfu-
sion the clearance of drug is decreased by 30%.67 
 Termination of the effect of bolus dose of midazolam 
is a result of redistribution and is prolonged in elderly. 
Thus, it is not surprising that midazolam administra-
tion increases the incidence of postoperative cogni-
tive dysfunction in elderly patients as compared to 
propofol.68 Moreover, the elderly patient receiving 
midazolam 0.06 mg/kg showed significant reduction 
in mean arterial blood pressure, respiratory rate and 
oxygen saturation, potentially leading to additional 
adverse events.69

induction agents
Older patients often come to the operating room with 
depleted intravascular volume. In combination with 
decreased homeostatic mechanisms this may lead to 
significant hypotension on induction of anesthesia. On 
the other hand the decreased myocardial compliance 
and decreased β-adrenergic responsiveness induces 
increased sensitivity to fluid overload.  Cautious 
 volume replacement in the perioperative time period 
is required. Most frequently used induction agents are 
propofol and etomidate:

a) Propofol dose needs to be reduced by 20% due 
to decreased central volume of distribution and 
decreased systemic and inter-compartmental clear-
ance of the drug in elderly population.70 The lag 
time between development of plasma  concentration 
and actual effect site concentration is increased 
in elderly due to slower circulation times.71 

Slow titration and use of BIS monitor (target 
BIS , 60) is recommended to prevent overdose 
(Fig. 2).  Context sensitive half-life for propofol 
is prolonged exponentially with age and needs 
to be considered to prevent delayed emergence 
when infusions of propofol are planned.70 Propofol 
decreases blood pressure by three mechanisms:
•	 vasodilation and lower systemic vascular 

resistance,
•	 decreased preload,
•	 depression of baroreceptor response.

The effect can be pronounced in intravascu-
larly depleted elderly population.72 Significant 
bradycardia has also been reported after adminis-
tration of propofol.73–75 The proposed mechanism 
of bradycardia is inhibition of sympathetic cardio-
 accelerator fiber activity.76 The bradycardia can 
be severe in patients also receiving β-blockers.77 
Severe bradycardia requires immediate treat-
ment with  atropine, or even more aggressive 
 vasopressors. One other potential negative effect 
of propofol in the elderly patient is worsening of 
diastolic function, as demonstrated by Filipovic.78

b) Etomidate is often used due to its minimal effects 
on cardiovascular system. Slight decline in blood 
pressure is caused by a small decrease in systemic 
vascular resistance. The dose should be reduced by 
25% to 50% in elderly due to decreased volume of 
distribution and diminished clearance.79

c) Thiopental is rarely used in current practice except 
in neurosurgical procedures. It causes peripheral 

Figure 2. Bispectral index uses processed electroencephalogram  signals 
to measure the depth of sedation on a scale from 0 to 100 (0—coma, 
40–60 general anesthesia, 60–90 sedated, 100-awake).
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vasodilation and direct negative inotropic effects, 
together producing sharp reductions in cardiac 
output and blood pressure.80 Currently, there is no 
manufacturer marketing thiopental in the United 
States. A similar barbiturate, thiopentone causes 
tachycardia and may lead to cardiac ischemia in 
patients with cardiovascular conditions.81 Similar 
to the other induction agents the induction dose 
should be decreased by 15% to 20%.82

Anesthesia maintenance
Onset of inhalational agents is faster in elderly patients 
due to reduced cardiac output and faster equilibration 
between arterial and inspired alveolar concentration. 
Inhalational anesthetics have a circulatory depres-
sant effect (decreased contractility and slower heart 
rate). This can lead to a dangerous positive-feedback 
cycle of decreased uptake   escalating alveolar con-
centration and  further reductions in cardiac out-
put. Anesthetic potency, MAC, decreases by about 
6% per decade.83 Therefore for all inhalational anes-
thetics, inspired concentrations should be reduced 
for patients with advanced age.11 All volatile agents 
also induce myocardial depression and may induce 
nodal rhythms, which may be especially detrimental 
in patients with valvular stenotic lesions or hypertro-
phic obstructive cardiomyopathy. Studies comparing 
sevoflurane and desflurane recovery times demon-
strated faster early recovery (time to  extubation, eye 
opening, squeezing fingers on command,  orientation) 
for desflurane. However, intermediate recovery, eval-
uated by Digit-Symbol Substitution Test (DSST), 
was similar for both inhaled agents.84 Comparison 
of propofol, desflurane and isoflurane anesthesia 
maintenance demonstrated no statistically signifi-
cant time improvement in propofol and desflurane 
group.85  Inhalational agents have been demonstrated 
to improve echocardiographic parameters of diastolic 
function by shortening isovolumic relaxation time 
and increasing early diastolic peak velocity of the 
lateral mitral annulus.78 Whether this translates into 
clinical benefit for the patient remains to be inves-
tigated. Total intravenous anesthesia with propofol 
in elderly may confer benefits for patients’ postop-
erative cognitive recovery. Unlike inhalational anes-
thetics propofol does not induce amyloid β peptide 
oligomerization implicated in the mechanisms of 
Alzheimer’s disease.

Neuromuscular blocking drugs
Shorter acting nondepolarizing neuromuscular block-
ing agents are preferred. Changes in renal excre-
tion, hepatic metabolism and volume of distribution 
should be considered when deciding on the drug of 
choice. Vecuronium, rocuronium or cistaracurium are 
frequently utilized. Neostigmine is safely used for 
reversal of neuromuscular blockade. The effects are 
prolonged due to decreased clearance and decreased 
initial volume of distribution.11,86

Pain control
Poorly controlled postoperative pain is a significant 
factor in postoperative cognitive dysfunction in the 
elderly. Careful planning of pain management is 
therefore an important part of anesthetic management. 
However, we will not discuss regional pain manage-
ment techniques in this review.

a) Opiates: The risk of respiratory depression 
with opioids is increased 2.8 fold in patients 
61–70 years old as compared to younger patients. 
Side effects such as nausea and vomiting how-
ever are decreased by 13%.87,88 When morphine 
is used the potential for accumulation of active 
metabolite morphine-6-glucuronide has to be 
considered in the presence of renal dysfunction. 
In the management of acute postoperative pain 
elderly require the same amounts of morphine 
as younger patients. Aubrun and colleagues 
suggested administration of 2–3 mg iv bolus 
every 5  minutes titrated to a visual analog scale 
below 30. No  toxicity was observed in elderly 
with acute pain when this approach was used.89,90 
 Several days after surgery, however, elderly 
patients require less opioid than younger patients. 
In a prospective patient-controlled analgesia 
(PCA) study older patients  self-administered less 
opioid than younger patients.91

b) Dexmedetomidine has been successfully used for 
intraoperative and postoperative sedation and/or 
analgesia. Its sedative/analgesic properties have 
been demonstrated to decrease the prevalence of 
postoperative delirium and systolic hypertension in 
patients undergoing cardiac surgery.92 The patients 
treated with dexmedetomidine however have an 
increased incidence of bradycardia, especially if 
loading doses are administered rapidly.
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Summary
The goal of anesthetic management in elderly patients 
needs to be preservation of hemodynamic stability, 
and avoidance of excessive sedation and respiratory 
depression. The co-morbidities and special require-
ments of each patient must be evaluated in our older 
patients, and a careful anesthetic plan tailored to 
account for significant variation in physiological 
responses between individuals.

As a general rule benzodiazepines are not rec-
ommended in elderly due to an prolonged cog-
nitive  deficits. All induction agents can be used 
safely if doses are decreased, pharmacokinetic and 
 pharmacodynamic changes are taken into account 
and hemodynamic effects are carefully monitored. 
Exaggerated cardiovascular effects of medications 
are expected since the cardiovascular system has a 
decreased ability to respond, even in the absence of 
cardiovascular disease. When cardiovascular disease 
is present ACC/AHA guidelines provide a basic tool, 
which needs to be modified according to the patient’s 
overall condition, type and purpose of the surgery 
and other  co-morbidities.  Hemodynamic effects of 
inhalational anesthetics can be easily managed, but 
the requirements are decreased also for these agents. 
 Maintenance with inhalational anesthetics— especially 
excessively “deep levels”—may have deleterious 
effects on cognition especially in patients with preex-
isting cognitive deficits. Total intravenous anesthesia 
with propofol is a valid option, but the exponential 
increase in context sensitive half-life may delay the 
wakeup.  Postoperative pain control is important 
due to its effects on hemodynamic stability and cog-
nitive function. Immediate requirements of elderly for 
pain medications are the same as for younger patients, 
but decrease 2–3 days  postoperatively. Adjunct agent 
such as dexmedetomidine can be used successfully 
in elderly patient for sedation/analgesia. Constant 
vigilance by the anesthesia professional is the ulti-
mate safeguard against unanticipated side effects and 
 deleterious outcomes.
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