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1  Background  

Over the last 20 years, the number of older adults requir-
ing surgical interventions has substantially increased and 
will continue to escalate as the population ages. Periopera-
tive management of older patients poses challenges not en-
countered in younger individuals. People over 70 years of 
age are more likely to have multiple comorbidities, physical 
and cognitive impairments, and reduced cardiac, pulmonary, 
and renal reserve. These factors predispose older patients to 
increased risk for perioperative complications and pro-
longed length of hospital stay, which in turn increase risk 
for iatrogenesis, nosocomial infections, and perioperative 
mortality.  

Current recommendations for perioperative assessment 
and management for older patients are derived from data 
collected in predominantly younger cohorts. Given the pau-
city of evidence-based guidelines for this patient population, 
it is vital to understand the pathophysiologic changes that 
occur in the older patient in order to reduce their periopera-
tive risk.  

The objectives of this review are to briefly summarize 
age-related effects on organ system reserve, identify comor-
bidities and geriatric conditions that pose increased risk for 
perioperative complications, and increase awareness of the 
essentials of perioperative evaluation and therapy in the 
older surgical patient. The overall goals are to ensure ap-
propriate perioperative assessment and medical manage-
ment and to minimize the risk of complications in older 
patients undergoing surgical procedures. 

2  Implications of aging on perioperative care 
in older adults 

Advancing age is associated with a reduction in physiol-
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ogic reserve of all organ systems, even in the absence of any 
underlying pathology, and these changes predispose to the 
development of perioperative adverse events. In addition, 
older patients often have multiple comorbidities requiring 
complex medical regimens that may further complicate pe-
rioperative management. In this context, age-related changes 
in gastrointestinal physiology, kidney function, body com-
position (such as reduction in muscle mass and intravascular 
volume) and metabolism lead to alterations in the pharma-
codynamics and pharmacokinetics of most drugs. As a re-
sult, older patients are often more sensitive to anesthetic and 
analgesic agents administered during the perioperative 
period.  

Other age-related physiologic alterations increase the li-
kelihood of postoperative cardiac (e.g., atrial fibrillation, 
heart failure) and non-cardiac (e.g., delirium, pneumonia) 
complications. For these reasons, older patients undergoing 
major surgery require a comprehensive preoperative evalua-
tion that should include assessment of functional status, 
cognition, and frailty. Combining these factors with conven-
tional perioperative risk assessments facilitates the identifi-
cation of older patients at risk for specific postoperative 
complications, and may enable implementation of manage-
ment strategies designed to reduce perioperative risk and 
minimize delays in recovery.  

3  Preoperative cardiac risk assessment in 
older adults 

Preoperative cardiac risk assessment in the older surgical 
patient should focus on the following elements: the nature 
and urgency of the surgical procedure, the patient’s func-
tional capacity, and the individual’s cardiac risk profile. The 
risk of perioperative cardiac adverse events increases with 
the urgency, extent, location, and duration of the procedure, 
as well as anticipated blood loss and potential fluid and 
electrolyte shifts. Based on these factors, the ACCF/AHA 
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Guidelines on perioperative cardiovascular evaluation strat-
ify perioperative cardiac risk as low [i.e., overall predicted 
risk of major adverse cardiac event (MACE) or myocardial 
infarction (MI) < 1% (e.g., cataract surgery)] or high [over-
all predicted risk of MACE or MI > 1% (e.g., major ab-
dominal surgery)].[1] Previous risk-stratification schemes 
included low, intermediate, and high-risk classifications, but 
recently published guidelines simplified this into two cate-
gories due to similarities between intermediate and high-risk 
procedures. 

Establishing the patient’s baseline functional capacity is 
the second key step in assessing perioperative risk. Poor 
functional capacity [< 4 METS (functional capacity meas-
ured in metabolic equivalents)] is associated with higher 
risk of cardiac complications, as it implies substantially de-
creased cardiovascular reserve and less capacity to tolerate 
surgical stress. Conversely, optimal functional capacity (> 
10 METS) carries lower risk for cardiac complications. In 
general, if the patient is able to perform > 4 METS (e.g., 
climbing a flight of stairs, walking on level ground at 4 mph, 
performing heavy work around the house), then he or she is 
considered to have moderate or greater functional capacity 

and no further testing is indicated. If the patient’s baseline 
functional capacity is unknown and cannot be easily deter-
mined, it should be presumed to be low when evaluating 
perioperative risk. 

The third element of perioperative risk assessment in-
volves evaluating the patient’s cardiac risk profile. Acquisi-
tion of this information is based mainly on the clinical his-
tory and patient’s status (e.g., presence of symptoms, physi-
cal findings, pertinent laboratory data). Patients with unsta-
ble or markedly symptomatic cardiovascular conditions (e.g., 
unstable coronary syndromes, decompensated heart failure, 
significant uncontrolled arrhythmias, or severe symptomatic 
valvular heart disease) are at high risk for perioperative 
complications and may benefit from additional evaluation 
and treatment prior to non-cardiac surgery. Importantly, 
preoperative cardiac testing should be performed only if it is 
anticipated that it will significantly change perioperative 
management, as well as in high-risk surgical patients with 
three or more clinical risk factors such as coronary artery 
disease, heart failure, cardiomyopathy, valvular heart disease, 
arrhythmias and conduction disorders, pulmonary vascular 
disease or adult congenital heart disease (Figure 1).[1] 

 

Figure 1.  Stepwise approach for perioperative cardiac risk assessment for noncardiac surgery. CAD: coronary artery disease; HF: heart failure; VHD: 
valvular heart disease; MET: metabolic equivalent. 



Baquero GA & Rich MW. Perioperative care in older adults 467 
  

http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology  

4  Perioperative cardiac and non-cardiac  
complications 

As noted above, older patients are at increased risk for 
developing cardiac and non-cardiac complications following 
major surgery.[2] Common adverse cardiac events include 
myocardial ischemia, arrhythmias, and heart failure. In ad-
dition to advancing age, presence of multiple cardiac risk 
factors, unstable coronary artery disease, symptomatic heart 
failure, uncontrolled arrhythmias, severe valvular heart dis-
ease, and high-risk surgical procedures (e.g., intra-thoracic 
or vascular surgery) are associated with increased risk for 
perioperative cardiac complications. Common non-cardiac 
complications include delirium, cognitive impairment, hos-
pital-acquired infections, respiratory insufficiency, venous 
thromboembolic disease, acute kidney injury, and pressure 
ulcers (especially in patients with prolonged hospitalization).  

4.1  Management of postoperative cardiac complica-
tions 

History of heart failure is among the predictors of pe-
rioperative cardiovascular risk, but it is an intermediate risk 
factor unless it is an acute, active problem, in which case it 
confers significant risk for mortality, especially in older 
patients. It is thus important to perform a careful clinical 
assessment to determine if there are symptoms or signs of 
decompensated heart failure. Laboratory parameters should 
be interpreted with caution, as there may be some physiol-
ogic variation with age. B-type natriuretic peptide tends to 
increase with age, especially in women, and in patients with 
renal disease.  

Patients with decompensated heart failure should be 
treated in accordance with existing guidelines, and elective 
surgery should be delayed if feasible. Patients with stable 
compensated heart failure should be monitored closely to 
avoid volume overload, but in most cases there is no need to 
delay elective non-cardiac or cardiac surgery.[3] 

Postoperative atrial fibrillation (AF) is associated with 
significant morbidity (increased hospital length of stay, risk 
for stroke) and mortality.[4] Increasing age is the strongest 
and most consistent risk factor for perioperative supraven-
tricular arrhythmias.[5] Additional risk factors for the devel-
opment of post-operative AF are listed in Table 1. For pa-
tients with hemodynamically unstable supraventricular ar-
rhythmias, immediate direct current cardioversion (DCCV) 
is indicated. In stable patients, management includes correc-
tion of precipitating factors, control of heart rate, and anti-
coagulation (unless contraindicated) to reduce the risk of 
thrombus formation. AV-nodal blocking agents, such as 
beta-blockers or non-dihydropyridine calcium channel  

blockers (diltiazem, verapamil) are the drugs of first choice 
to lower the ventricular rate. Digoxin has limited efficacy in 
high adrenergic states but may be used in patients with heart 
failure or as a second line agent in patients who fail to re-
spond (or do not tolerate) other AV-nodal blockers. Amio-
darone has a slow onset of action, wide range of side effects 
and numerous drug interactions. However, it may be useful 
for controlling heart rate or restoring sinus rhythm when 
other measures are unsuccessful or contraindicated. Since 
most postoperative atrial arrhythmias revert to sinus rhythm 
once the heightened perioperative adrenergic state has re-
solved, achieving rhythm control (i.e., by DCCV or antiar-
rhythmic drugs) is not generally recommended in the ab-
sence of moderate or severe symptoms despite heart rate 
lowering medications. Cardioversion may also be considered, 
preferably under transesophageal echocardiographic guid-
ance to exclude left atrial appendage thrombus, for those 
who remain in AF or atrial flutter for more than 24–48 h.  

Myocardial ischemia, often manifested as asymptomatic 
ECG changes and/or small elevations of cardiac biomarker 
proteins, e.g., troponin, should be managed following 
ACC/AHA guidelines as established in younger patients. In 
most cases, minimal elevations of cardiac biomarker pro-
teins following surgery are attributable to demand ischemia 

Table 1.  Risk factors for the development of postoperative 
atrial fibrillation. 

Aging 
Male gender 
Prior atrial fibrillation 
Hypertension 
Left ventricular hypertrophy 
Obesity 
Hyperthyroidism 
Sympathomimetic drugs 
Atrial pathology or injury 
High preoperative heart rate (higher adrenergic/lower vagal tone)* 
Reversible precipitating factors 

Hypothermia 
Hypoxemia 
Hypercarbia 
Acidosis 
Hypotension 
Electrolyte imbalances 
Increased or decreased intravascular volume 
Cardiac ischemia 
Inadequate pain control 
Increased sympathetic nervous system activity 
Pulmonary disease (pneumonia, pulmonary embolism) 

*Independently associated with postoperative atrial fibrillation in older 
patients undergoing thoracic surgery. 
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(i.e., type  MI), rather than an acute coronary sⅡ yndrome 
(type  MI). In some cases, this distinction may be difficult, Ⅰ

but it is nonetheless important because typeⅠ MI generally 
warrants aggressive treatment while typeⅡMI can usually 
be managed conservatively.  

Although hypertension is the single most common car-
diac condition in older adults, elevated blood pressure (BP) 
has not been shown to be a major perioperative cardiac risk 
predictor. While severe stage 2 hypertension (systolic BP > 
180 mmHg, diastolic BP > 110 mmHg) may increase the 
risk for perioperative cardiovascular complications, stage 1 
hypertension (systolic BP 140–159 mmHg, diastolic BP 
90–99 mmHg) and even moderate stage 2 hypertension 
(systolic BP 160–179 mmHg, diastolic BP 100–109 mmHg) 
are not associated with increased perioperative risk. Achiev-
ing adequate BP control preceding an elective surgical pro-
cedure is desirable to ensure hemodynamic stability th-
roughout the perioperative period, since labile heart rate, 
blood pressure, and volume status are associated with ad-
verse cardiovascular events.[6] However, it should be noted 
that overly aggressive BP control may lead to intraoperative 
hypotension, which in turn may be associated with myocar-
dial ischemia, acute kidney injury, and/or post-operative 
cognitive impairment. In severely hypertensive patients, 
some experts would consider delaying elective non-cardiac 
surgery, as there is potential for an exaggerated sympathetic 
hypertensive response during induction of anesthesia. These 
patients are also at risk for developing end-organ damage 
such as hypertensive encephalopathy, cerebrovascular acci-
dent (ischemic stroke or intracranial hemorrhage), acute 
pulmonary edema, heart failure, aortic dissection, acute MI 
or unstable angina, or worsening renal insufficiency. In 
general, unless there is clinical evidence for acute end-organ 
injury, no therapeutic changes are indicated in the pe-
rioperative setting. 

4.2  Management of non-cardiac postoperative com-
plications 

Delirium is a common and often unrecognized postop-
erative complication, occurring in up to 50% of older pa-
tients undergoing major surgery. Among those requiring 
intensive care, the incidence has been reported to be as high 
as 87%.[7] Development of postoperative delirium may be 
associated with persistent cognitive deficits, functional de-
cline, increased hospital stay and costs, and increased mor-
tality. Age ≥ 70 years is an independent risk factor for post-
operative delirium; other risk factors include pre-existing 
neuropsychological disorder, polypharmacy, renal failure, 
and excess alcohol intake. Precipitating factors include de-
hydration, sleep deprivation, infections, hypoxemia, malnu-

trition, use of physical restraints, and being in an unfamiliar 
environment. The key to delirium prevention is to identify 
patients at high risk.[8] Preventative strategies should focus 
on avoiding sensory deprivation, preserving normal social 
interactions and routine diurnal variations in activities, and 
maintaining physiological homeostasis. Specific interven-
tions include using hearing aids/eyeglasses when appropri-
ate, frequent orientation, presence of family, early mobiliza-
tion, normalizing sleep/awake cycle, avoidance of restraints, 
adequate oxygenation, optimal pain management, medica-
tion review with avoidance of potentially harmful drugs 
(opioid analgesics, benzodiazepines, certain antidepressants, 
histamine-1 receptor blockers, non-steroidal anti-inflamma-
tory drugs and corticosteroids) and adequate hydration. 
Once the diagnosis is confirmed, management of postopera-
tive delirium is directed at identifying the underlying 
cause(s), providing supportive care, and controlling symp-
toms. Supportive measures include airway protection, pre-
vention of aspiration, maintenance of euvolemia, adequate 
nutritional support, optimal skin care to prevent pressure 
ulcers, mechanical devices to prevent deep venous throm-
bosis, and early mobilization. Management of symptoms 
comprises continuation of delirium prevention strategies. In 
case of severe agitation, the off-label use of first-generation 
(haloperidol, chlorpromazine) or second-generation antip-
sychotics (risperidone, clozapine) has become common 
practice among clinicians. 

With advancing age, stasis of blood and risk for throm-
bosis increase. In conjunction with a hypercoagulable state 
resulting from surgery and anesthesia, these factors predis-
pose elderly patients to postoperative venous thromboem-
bolic events (VTE). The risk for deep venous thrombosis in 
older patients undergoing elective low risk surgery ranges 
between 2%–4%, and for pulmonary embolism the risk 
ranges from 1% to 2%. However, in the absence of prophy-
laxis, the risk of VTE is up to 50% in high-risk settings (e.g., 
cancer surgery, joint replacement, previous VTE, trauma, 
spinal surgery, vascular surgery). Mechanical prophylaxis 
(use of compression stockings and/or graded pneumatic 
compression devices), anticoagulation, and early ambulation 
are cost-effective means for reducing the risk of VTE. 

Aging is also associated with impaired thermoregulatory 
function. These changes may be exacerbated by anes-
thetic-induced inhibition of thermoregulatory reflexes, re-
sulting in the mild hypothermia commonly noted in older 
adults following major surgery. Hypothermia may contrib-
ute to electrolyte abnormalities (hypokalemia, hypomagne-
semia), platelet dysfunction, surgical wound infection, im-
paired drug metabolism, and postoperative myocardial 
ischemia in older patients. Active thermal management, 
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including forced-air warming devices, maintaining room 
temperature above 21°C, and/or administering warming 
intravenous fluids, is usually indicated in older adults with 
significant postoperative hypothermia (core body tempera-
ture <34.5°C).  

Due to age-associated loss of subcutaneous tissue and 
decreased elasticity of aged skin, the older surgical patient is 
at increased risk of developing pressure ulcers if the skin is 
compressed for prolonged periods of time. Presence of 
decubitus ulcers often leads to secondary infections and 
delayed recovery resulting in prolonged hospital stays. Pre-
ventive measures are associated with 60%–70% reduction 
in the incidence of pressure ulcers, and include routine 
postoperative skin surveys, frequent repositioning, pressure 
redistributing support surfaces, pressure-relieving overlays 
in the operating room, foam alternatives, and heel protec-
tors. 

Other common postoperative complications include uri-
nary tract infections, respiratory insufficiency, hospital- 
acquired pneumonia, and acute kidney injury. Limiting the 
use of urinary catheters, maintaining excellent pulmonary 
toilet and precautions against transmission of pathogens 
(especially hand hygiene), minimizing the use of nephro-
toxins, and ensuring adequate hydration are the most effec-
tive means to avoid these complications. 

5  Clinical pearls  

(1) Advancing age is associated with reductions in the 
physiologic reserve of all organ systems, which greatly in-
crease the risk of perioperative complications. (2) Older 
patients who have multiple comorbidities, complex medica-
tion regimens, functional limitations, cognitive impairment, 
and/or frailty are at increased risk for perioperative morbid-
ity and iatrogenic complications. (3) Functional status and 
the presence of coexisting diseases, rather than age alone, 
are the primary determinants of perioperative risk; thus, age 
per se should not be considered an exclusion criterion for 
surgery. (4) Optimal perioperative care often requires a 
multidisciplinary approach involving the anesthesiologist, 
surgeon, primary care physician, and, in selected cases, a 

geriatrician, subspecialty consultants, nurses, a pharmacist, 
and various therapists. (5) Current ACC/AHA recommen-
dations for the perioperative assessment of patients under-
going non-cardiac surgery are similar in older and younger 
patients. Testing is not recommended in the absence of un-
stable cardiac conditions unless the results would alter pe-
rioperative management or the patient is at high surgical 
risk with three or more clinical risk factors. 
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