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ABSTRACT
Elderly patients have a high risk of perioperative morbidity and mortality. Pluri‑morbidities, polypharmacy, and functional 
dependence may have a great impact on intraoperative management and request specific cautions. In addition to surgical 
stress, several perioperative noxious stimuli such as fasting, blood loss, postoperative pain, nausea and vomiting, drug 
adverse reactions, and immobility may trigger a derangement leading to perioperative complications. Older patients have 
a high risk of major hemodynamic derangement due to aging of the cardiovascular system and associated comorbidities. 
The hemodynamic monitoring as well as fluid therapy should be the most accurate as possible. Aging is accompanied 
by decreased renal function, which is related to a reduction in renal blood flow, renal mass, and the number and size of 
functioning nephrons. Drugs eliminated predominantly by the renal route need dosage adjustments based on residual renal 
function. Liver mass, hepatic blood flow, and intrinsic metabolic activity are decreased in the elderly, and all drugs metabolized 
by the liver have a variable half-life, thus requiring dose reduction. Decreased neural plasticity contributes to a high risk 
for postoperative delirium. Monitoring of anesthesia depth should be mandatory to avoid overdosage of hypnotic drugs. 
Prevention of postoperative pulmonary complications requires both protective ventilation strategies and adequate recovery 
of neuromuscular function at the end of surgery. Avoidance of hypothermia cannot be missed. The aim of this review is to 
describe comprehensive strategies for intraoperative management plans tailored to meet the unique needs of elderly surgical 
patients, thus improving outcomes in this vulnerable population.
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Introduction

Elderly patients have a higher risk of perioperative morbidity 
and mortality.[1] Pluri‑morbidities, polypharmacy, and functional 
dependence may have a great impact on intraoperative 
management and request specific cautions. In addition to the 
surgery itself, several perioperative noxious stimuli such as 
fasting, blood loss, pain, nausea and vomiting, drug adverse 

reactions (ADRs), and immobility may trigger a derangement 
increasing the risk of perioperative complications.

Anesthesia management is strongly affected by age‑related 
changes. Intraoperative care should be based on careful 
preoperative assessment and tailored to patients’ clinical 
requirements.

Implication of age‑related changes on anesthesia management
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The aim of this review was to describe comprehensive 
strategies for intraoperative management plans tailored 
to meet the unique needs of elderly surgical patients, thus 
improving outcomes in this vulnerable population.

Literature search
A comprehensive literature search was performed in PubMed/
MEDLINE, The Cochrane Library, EMBASE, and Scopus, 
Google Scholar to identify the relevant articles (published 
up to May 1, 2023) relating to the implication of age‑related 
changes on anesthesia management. Reviews, meta‑analyses, 
and randomized clinical trials were included. A total of 32 
articles were included based on relevance.

Physiological changes in the elderly and general implication 
on anesthesia
In the elderly, pathophysiological changes determined by 
aging, comorbidities, polypharmacy, cognitive impairment, 
malnutrition, sensory deficits, and psychological problems 
may contribute to an impaired preoperative functional 
state that can significantly increase the risk of negative 
outcomes.[2‑6]

At the cardiovascular level, the increase in peripheral 
vascular resistance due to the stiffness of the arterial wall, 
the alteration of the adrenergic tone with an increase 
in vagal tone and reduced sensitivity of the peripheral 
beta‑adrenergic receptors, and the reduction in the number 
of myocytes with residual cell hypertrophy are responsible 
for ventricular hypertrophy leading to reduced cardiac 
compliance and reduction of stroke volume.[6] It also 
increases cardiac interstitial fibrosis which, together with 
the reduction of sinus node cells, determines a greater 
predisposition to arrhythmias. Reduced elasticity and 
stiffening of the arteries may result in altered regulation of 
blood pressure. All these alterations are the cause of the 
decreased ability to cope with acute changes in circulating 
blood volume. At the pulmonary level, both the elasticity of 
the lung parenchyma and that of the chest wall are reduced 
with a decrease in residual functional capacity. Moreover, 
there is an alteration of the exchanges due to the reduction 
of the alveolar surface. This mandates protective lung 
ventilation during and after surgery.

At the renal level, the progressive loss of nephrons and the 
reduction in blood flow contribute to the decrease of the 
glomerular filtration rate. Clearly, the kidney of the elderly 
patient is more exposed to damage in case of hypotension 
and/or hypovolemia.[6]

At the neurological level, the alterations concern both the 
central and the peripheral nervous systems. This essentially 

translates into a progressive decline in cognition, sensory 
perceptions, and motor components.[6]

Pharmacokinetics and pharmacodynamics are altered to 
varying degrees as a result of aging processes and associated 
conditions affecting metabolic processes. Drug absorption 
can be modified by decreased gastric acid secretion (which 
is accentuated by the administration of antacids and 
proton pump inhibitors), decreased gastric emptying rate, 
decreased splanchnic blood flow, and decreased absorption 
surface of the mucosa. The changes can significantly 
alter drug absorption and consequently change the onset 
time. The absorption of drugs undergoing first‑pass 
metabolism (nitrates, propranolol) may also increase. Changes 
in body composition (increased fat mass and decreased body 
water) significantly change drug distribution. Fat‑soluble 
drugs (diazepam) have a larger volume of distribution and 
may require careful dosage adjustment until the desired result 
is obtained. A reduced amount of body water can affect the 
volume of distribution of water‑soluble drugs and lead to a 
higher plasma concentration. Reduced protein binding can 
lead to increased plasma concentrations, resulting in higher 
amounts of circulating drug and more pronounced effects.

Aging is accompanied by decreased renal function to varying 
degrees, which is related to reductions in renal blood 
flow, renal mass, and the number and size of functioning 
nephrons. Drug dosage adjustments based on residual renal 
function (creatinine clearance value) should be made, mainly 
for drugs eliminated predominantly by the renal route. The 
slowdown of any kind in the metabolic processes prolongs 
the half‑life of the drugs and maximizes the risk of ADRs. 
An impaired nutritional status can affect metabolic capacity. 
Liver mass, hepatic blood flow, and intrinsic metabolic 
activity (including the CYP450 enzyme system) are decreased 
in the elderly, and all drugs metabolized by the liver have 
a variable half‑life; consequently, their dosage should be 
reduced.[6]

The choice of anesthetic technique depends on both the 
surgical requirements and the patient’s needs, taking into 
consideration that there is no evidence establishing the 
superiority of regional anesthesia (RA) compared to general 
anesthesia (GA) when used as a primary procedure. The type 
of surgery or the expected duration may sometime prevent 
the use, at least exclusively, of RA. The association of RA and 
GA leads to better analgesia and metabolic balance.

Regarding premedication with midazolam, pharmacodynamic 
changes (increased brain sensitivity) and pharmacokinetic 
changes (reduced clearance due to reduced hepatic 
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perfusion and an increase in the volume of distribution 
due to increased body fat) require dose reductions in the 
elderly. The intravenous administration of midazolam, when 
needed to reduce anxiety, should be decreased (0.25–1 mg) 
in the elderly, as well as the interval between doses, whereas 
long‑acting benzodiazepines (lorazepam and diazepam) 
are not recommended. Dexmedetomidine may be used 
to prevent postoperative delirium (POD),[7,8] likely thanks 
to anti‑inflammatory action caused by downregulation 
in tumor necrosis factor and interleukin‑1β.[9,10] However, 
the anticipated benefits should be balanced against the 
repercussion on the elderly vulnerability of the most relevant 
adverse effects of alpha 2 agonists, that is, bradycardia and 
hypotension.

Certainly, in elderly patient, it is necessary to adjust the 
dosage of anesthetic drugs as their potency is increased due 
to central neurophysiological changes and greater receptor 
sensitivity.

Propofol reduces systemic vascular resistance (inhibits 
sympathetic vasoconstriction), decreases preload, and affects 
myocardial contractility. Significant hypotension may occur 
in elderly patient with impaired baroreflexes, particularly 
in the presence of hypovolemia or underlying ventricular 
dysfunction. The induction dose of propofol should be 
reduced by 40–50% and should be administered slowly. 
The maintenance dose should be reduced to avoid longer 
recovery (due to reduced clearance).[11] The minimum alveolar 
concentration (MAC) of all inhaled anesthetics decreases 
by about 6% per decade after age 40. At age 90, MAC is 
reduced by 30%. Although the reasons for MAC decline are 
unknown, a combination of age‑related effects on synaptic 
activity and neurotransmitter function in the brain, brain 
atrophy, and changes in cerebral circulation are thought to 
be responsible for it. Therefore, anesthetic concentrations 
need to be titrated based on individual patient responses 
determined via anesthesia depth monitoring (see below). The 
adequate dose according to age‑adjusted MAC values should 
be calculated using iso‑MAC charts, in case of unavailability 
of depth anesthesia monitoring.[12,13]

Before positioning an elderly patient on the operating table, 
the musculoskeletal and skin conditions should be carefully 
assessed for the possible presence of muscle wasting, skin 
lesions, and joint stiffness. To avoid peripheral nerve damage 
and pressure sores, it is necessary to ensure that adequate 
padding is positioned near bony protrusions and to take 
special care during the transfer of the patient between 
the ward bed and the operating table and when removing 
adherent items such as surgical dressings.[3‑5]

Hemodynamic management in the elderly
Hypotension is exacerbated by most anesthetics which cause 
systemic vasodilatation. Spinal anesthesia or epidural infusion 
with local anesthetics can also reduce blood pressure (BP) 
due to vasodilatation. In the elderly, hypotension could be 
particularly dangerous, due to the impaired compensatory 
mechanisms, and may lead to myocardial injury, acute kidney 
injury (AKI), stroke, and death. The perioperative quality 
initiative consensus statement on intraoperative hypotension 
recommends avoiding a mean arterial pressure (MAP) 
<65 mmHg and systolic blood pressure (SBP) <100 mmHg.[14]

Best practice guidelines for the perioperative care of the 
elderly from the Association of Anaesthetists recommend 
that intraoperative hypotension should be avoided in patients 
aged ≥65 y and define intraoperative hypotension as a 20% 
decrease in SBP.[15]

The incidence of intraoperative hypotension in older patients 
was investigated in a recent study, describing both the 
intended BP treatment threshold and the clinically applied 
treatment threshold for intraoperative hypotension in UK 
anesthetic practice in a cohort of 4750 elderly patients.

Thresholds at which anesthetists give vasopressor 
treatments [60.6 (9.7) mmHg] were lower than their intended 
treatment thresholds [64.2 (11.6)] and most patients (57.9%) 
spent >30 min >20% below a pre‑induction baseline blood 
pressure.

At univariable analysis, there was no association between an 
isolated MAP <65 mmHg and any outcome. There was an 
association between cumulative time spent with SBP >20% 
below pre‑induction value with death and a creatinine rise.

On multivariable analysis, there was an association 
between cumulative duration of systolic hypotension >20% 
below baseline and creatinine rise within the first seven 
postoperative days.

In this representative sample of UK perioperative practice, 
most older patients experienced intraoperative hypotension 
and treatment was delivered below suggested thresholds. 
This highlights both the potential for intraoperative organ 
injury and the substantial opportunity for improving the 
treatment of intraoperative hypotension.[16]

However, blood pressure may be only the tip of the iceberg. 
Only advanced monitoring permits to understand and treat 
the causes of hypotension. For example, if we do not have 
any cardiac output (CO) change, the hypotension could be 
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caused by a too deep anesthesia that may decrease systemic 
vascular resistances (SVR). After decreasing the depth of 
anesthesia, if hypotension persists, we can use vasopressors 
to increase SVR. However, if we detect a decreased CO, we 
should determine if we can counteract it by using a volume 
load or if the patient needs a positive inotrope drug. It seems 
a complex diagram, but it summarizes the daily practice of 
anesthesiologists.[17]

We can better understand hemodynamic monitoring if 
we think about its aim. The real goal is the optimization 
of the delivery of oxygen to the tissues. To optimize CO, 
we can increase preload with fluids, improve contractility 
with inotropes, or increase afterloads with the use of 
vasopressors.[1]

All these actions need to be guided by advanced hemodynamic 
monitoring.[18]

Historically, goal directed fluid therapy (GDTF) was performed 
by pulmonary artery catheter,[19] but recently less invasive 
technologies have become available.[20,21]

Among minimally invasive hemodynamic monitoring systems 
used in major surgery, the most accredited in non‑cardiac 
major surgery are those based on pulse contour analysis 
with special reference to the subgroup of devices that do 
not require external calibration.[18]

These systems are advantageous because they are mini‑invasive 
and easy to use; they provide hemodynamic variables in real 
time, and the measures are independent of the operator. 
Nowadays, these systems incorporate the so‑called Acumen 
software that—thanks to a machine learning‑derived early 
warning system—is able to predict hypotension, allowing 
for a significant reduction in hypotension compared to the 
standard of care, obviously when combined with a treatment 
protocol also based on SVV, contractility, and afterload.[22] 
However, they suffer from low reliability in case of variation 
in vascular compliance (possible in unstable patients) or in 
case of arrhythmias and reduced precision in case of arterial 
pressure curve over or underdamped.

These monitors help anesthesiologists in performing the 
so‑called GDFT. Without any doubt, we can state that 
anesthesiologists in the past were used to give so much 
fluids during surgery.[23,24]

After having established that aggressive fluid strategies 
adversely affect every system organ, for many years, 
restrictive fluid therapy was the new target to follow since an 

international trial enrolling 3000 patients undergoing major 
abdominal surgery was published. The authors showed that 
the restrictive approach was associated with a higher rate 
of perioperative acute renal failure and, therefore, must be 
avoided.[25]

GDFT is the key to optimize the intravascular volume and 
allow fluid administration only to fluid responders patients. 
In particular, GDFT with the uncalibrated pulse contour 
analyses methods is correlated with a significant decrease in 
postoperative morbidity, helping anesthesiologists to drive 
fluid therapy and vasopressors/inotropes supports.[26] GDFT, 
compared with standard care, showed reduced mortality in 
95 RCTs, avoiding 18 deaths for every 1000 patients.[27]

Interestingly, in the elderly population, GDFT was useful in 
reducing POD incidence when guided by cerebral perfusion 
via regional cerebral oxygen saturation,[28] leading to a shorter 
recovery time and lower production of pro‑inflammatory 
factors.[29]

The most benefits on mortality, complications, and length 
of stay arise from GDFT based on both hemodynamic goals 
and metabolic homeostasis.[30]

This means that GDFT ameliorates microperfusion and reduces 
healthcare costs, avoiding postoperative complications 
and kidney dysfunction, but there is not always a clear 
association between reduced length of stay (LOS) and hospital 
readmission.[31‑36] Larger trials are necessary to better define 
the effects of GDFT on mortality and LOS, especially in elderly 
population.

In the meantime, GDFT can be used in high‑risk patients 
or those undergoing complex surgery, whereas the 
intraoperative goal should always be to achieve a “zero” 
fluid balance. Optimizing hemoglobin levels allows 
the enhancement of oxygen delivery via patient blood 
management that includes careful surgical hemostasis, use 
of cell salvage use, and point‑of‑care testing.[37]

Monitoring of anesthesia depth
Another key strategy to optimize intraoperative 
anesthesiologic management in the elderly is maintaining 
an adequate anesthesia depth with the main aim to prevent 
postoperative delirium.[5]

As it is not possible to titrate anesthetics based on row 
electroencephalography (EEG) trace, due to technical 
difficulties, EEG‑derived monitors, such as the bispectral 
index (BIS), have been developed employing the Fourier 
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transformation method.[38,39] The introduction of these 
systems has completely moved the target of anesthesia 
depth from clinical indices (including pupils, movements, 
blood pressure and heart rate, drug concentration) to goals 
based on cerebral response to anesthetic drugs. It has been 
demonstrated that monitoring the depth of anesthesia 
can improve postoperative recovery promoting quicker 
awakening and significantly reducing POD and postoperative 
cognitive decline (pCD) in elderly patients undergoing major 
non‑cardiac surgery.[40‑43]

A meta‑analysis of eight observational studies demonstrated 
that BIS values under 45 are associated with higher long‑term 
mortality  (≥1 year).[44] Not measuring anesthesia depth is 
correlated with anesthetics overdoses and worse outcomes 
for several reasons, among which organ hypoperfusion and 
dysfunction are the most important ones.[45] There is a subtle 
link between anesthesia depth and hemodynamics, which 
means that hypotension can reflect low BIS values due to low 
blood perfusion in the cerebral district, vice versa overdoses 
in hypnotics may result in low BIS and low blood pressure.

The advantages of multiparameter‑guided anesthesia (based 
on index, burst suppression activity, density spectral array) 
versus index‑guided anesthesia should be further investigated 
as index values may be less consistent in the elderly with 
neurodegeneration implying reduced cortical electrical 
activity, that is, low EEG power.[46] In any case, monitoring 
of the depth of anesthesia is recommended for patients at 
higher risk of adverse outcomes,[5] irrespective of the device 
used, as far as it is a brain monitoring system using processed 
EEG.[47‑53] 

Minor EEG changes may also indicate borderline cerebral 
perfusion in patients who develop pCD not always related 
to anesthesia depth and should not be missed.[54] In 
addition to the monitoring of anesthesia depth, transcranial 
Doppler could be used as an intraoperative tool to prevent 
the occurrence of unfavorable cognitive outcomes in 
elderly patients undergoing robotic‑assisted laparoscopic 
prostatectomy. This supports that a great vulnerability of the 
cerebral circulation due to the combination of many factors, 
including anesthesia, age, positioning, and CO2 insufflation 
during robotic‑assisted surgery, could predispose elderly 
patients to postoperative cognitive disorders.[55]

It has been demonstrated that cortisol response to surgical 
stress is efficiently counteracted by blood remifentanil infusion 
guided by cardiovascular parameters on the same anesthesia 
depth.[56] In a recent study, it has been demonstrated that 
elderly patients undergoing laparoscopic colorectal cancer 

surgery under GA may benefit from SPI‑guided analgesia 
using remifentanil in terms of lower pain scores, reduced 
intraoperative hypertension and tachycardia, and improved 
postoperative outcomes, including postoperative pain and 
delirium in the post‑anesthesia care unit.[57] This finding is 
also confirmed by preclinical studies on human microglia due 
to the lack of any toxic effect or neuroinflammatory action 
on the central nervous system (no effect on inflammatory 
mediators) but, rather, a neuroprotective action throughout 
the induced rise in basal BDNF production.[58,59]

A moderate–severe postoperative pain could be a 
relevant risk factor for cognitive impairment after surgery, 
and non‑pharmacological strategies should be always 
considered.[60]

Ventilation strategy
Respiratory complications are more common in elderly 
patients and can lead to prolonged hospital stay and 
mortality.[61] The implementation of high‑flow nasal cannula or 
noninvasive ventilation in the perioperative period in patients 
with chronic obstructive pulmonary disease, frequently 
present in the elderly, may reduce the risk of atelectasis 
and re‑intubation after surgery.[62] During GA, a protective 
ventilation strategy is recommended to minimize stress and 
strain and reduce postoperative respiratory complications. 
This implies the use of low tidal volumes (6–7 ml/kg based on 
ideal body weight) that allow increasing functional residual 
capacity. The use of positive end‑expiratory pressure (PEEP) 
may increase dynamic compliance, preventing damage from 
alveolar opening and closing and reducing the incidence of 
atelectasis, even if, in patients with cardiac diseases, these 
advantages should be balanced against its negative effect on 
cardiac output.[62,63] Recruitment maneuvers may be required 
to improve oxygenation, especially when patients are placed 
in the Trendelenburg position.[64]

In laparoscopic/robotic surgical approaches, mechanical 
ventilation may require multiple adjustments as systemic 
carbon dioxide (CO2) absorption can be relevant, leading to 
hypertension, dysrhythmias, and respiratory acidosis.[63] The 
latter may be more pronounced when difficult ventilation 
and increased dead space occur. To avoid hypercarbia, often 
deriving from reabsorption of CO2, also the use of deep 
neuromuscular block can be useful.[62]

Prevention of residual paralysis
The use of deep neuromuscular block (dNMB) is often 
required in modern mini‑invasive surgery (laparoscopic and 
robotic) also to avoid the use of high pneumoperitoneum 
pressure, thus preventing the consequent hemodynamic (falls 
in both CO and MAP) and respiratory (decrease of 
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pulmonary compliance and functional residual capacity) 
repercussions. However, as older patients are more sensitive 
to neuromuscular blocking agents (NMBAs), due to a slower 
hepatic and renal metabolism,[57] monitoring the depth of 
neuromuscular blockade is essential to ensure appropriate 
dosing during anesthesia and to avoid incomplete recovery 
from neuromuscular blockade after surgery (defined by a 
train of four ratio <0.9).[64,65]

The use of dNMB requires both neuromuscular monitoring 
and adequate reversal, by direct or indirect antagonists, to 
prevent postoperative residual curarization (PORC). Elderly 
patients are more prone to adverse postoperative respiratory 
events, including pneumoniae, due to frequently impaired 
airway protection predisposing them to aspiration.[5] 
Recovery of neuromuscular function, regardless of the type 
of antagonists used, is slower in the elderly and needs to be 
accurately monitored. In case of persistence of the dNMB at 
the end of surgery, the use of a direct antagonist is advisable 
taking into consideration that the dose can be adjusted based 
on neuromuscular monitoring.[65]

Prevention of hypothermia
Both GA and RA inhibit the control of thermoregulation 
through direct vasodilatory action. During anesthesia, 
there is a redistribution of blood and a thermoregulation 
impairment that causes a temperature drop of 1–1,5°C 
only in the first hour. Surgical site evaporation, decreased 
metabolism, and reduced tissue perfusion contribute to 
intraoperative hypothermia, leading to organ dysfunction, 
coagulopathy, impaired immunity, surgical site infection, 
altered drug metabolism, and shivering resulting in a 
prolonged recovery. In the elderly, there are several 
factors concurring to thermoregulation impairment, such 

as reduction of muscle mass, metabolic and hormonal 
dysfunction, and vascular reactivity.[66,67] In the context of 
geriatric anesthesia, it is recommended to monitor the 
core temperature together with the active heating of the 
patient (preferably with forced air systems) and infused 
liquids, in the intra‑ and perioperative periods.[5] It has been 
demonstrated that skin surface warming before induction 
of anesthesia does not significantly increase the core 
temperature but increases peripheral tissue temperature 
and total body heat content.[68] Therefore, skin surface 
warming for 30 min before induction of anesthesia prevents 
redistribution of hypothermia. During surgery, patient 
core temperature should be measured continuously or 
every 15 min (preferably with an esophageal probe) and 
operating room temperature should be at least 21°C for adult 
patients (the optimal temperature for the elderly is 23°C). 
Any fluid, colloid, or blood that runs greater than 500 ml/h 
should be warmed using a fluid‑warming device.

In the postoperative period, the patient’s temperature 
should be measured and documented on admission to the 
recovery room and then every 15 min. Ward transfer should 
not be arranged unless the patient’s temperature is 36.0°C 
or above.[68] A comprehensive strategy for anesthesiological 
intraoperative management is given in Figure 1.

In conclusion, geriatric anesthesia and perioperative geriatric 
care are demanding tasks, and today’s anesthesiologists are 
required to deepen and widen their knowledge about the 
pathophysiological specificities, vulnerabilities, and needs 
of older patients.
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Figure 1: Comprehensive strategy for anesthesiological intraoperative management. ADRs, drug adverse reactions; CO, cardiac output; BP, blood pressure; 
EEG, electroencephalogram; NMT, neuromuscular monitoring; POD, postoperative delirium; pCD, postoperative cognitive decline; SAP, systolic arterial 
pressure; MAP, mean arterial pressure
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