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Anesthetic management of geriatric
patients
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The number of elderly patients who frequently access health care services is increasing
worldwide. While anesthesiologists are developing the expertise to care for these elderly
patients, areas of concern remain. We conducted a comprehensive search of major inter-
national databases (PubMed, Embase, and Cochrane) and a Korean database (KoreaMed)
to review preoperative considerations, intraoperative management, and postoperative
problems when anesthetizing elderly patients. Preoperative preparation of elderly patients
included functional assessment to identify preexisting cognitive impairment or cardio-
pulmonary reserve, depression, frailty, nutrition, polypharmacy, and anticoagulation is-
sues. Intraoperative management included anesthetic mode and pharmacology, monitor-
ing, intravenous fluid or transfusion management, lung-protective ventilation, and pre-
vention of hypothermia. Postoperative checklists included perioperative analgesia, post-
operative delirium and cognitive dysfunction, and other complications. A higher level of
perioperative care was required for older surgical patients, as multiple chronic diseases
often makes them prone to developing postoperative complications, including functional
decline and loss of independence. Although the guiding evidence remains poor so far, el-
derly patients have to be provided optimal perioperative care through close interdisci-
plinary, interprofessional, and cross-sectional collaboration to minimize unwanted post-
operative outcomes. Furthermore, along with adequate anesthetic care, well-planned
postoperative care should begin immediately after surgery and extend until discharge.
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Introduction

The WHO’s ‘World Report on Aging and Health’ revealed significant impairments in
the elderly population in Europe, and the number of elderly people is expected to double
by 2050 [1]. As the population of a country continues to age, the demands for surgical
services increase. Elderly patients often require a higher level of care than younger pa-
tients do during the perioperative period, with higher health care costs. Strategies to opti-
mize anesthesia care to reduce complications and improve outcomes in elderly surgical
patients will also be of great value to the individual patients and society.

This article reviews the perianesthetic considerations for geriatric patients according to
three conceptual categories: preoperative considerations, intraoperative management,
and postoperative problems. It also aims to establish a framework to assess the complex
issues related to the perioperative care of elderly patients.

The authors performed a comprehensive literature review based on major international
databases (PubMed, Embase, Cochrane) and a Korean database (KoreaMed) to identify
systematic reviews, meta-analyses, practice guidelines, and clinical trials published in the
last 10 years (Appendix 1). The initial search resulted in 1,551 citations and an additional

15 articles were obtained by a manual search through the related references. Of these, the

Online access in http://ekja.org


http://crossmark.crossref.org/dialog/?doi=10.4097/kja.19391&domain=pdf&date_stamp=2020-02-01

authors selected 262 publications, which were further narrowed
to 172 based on strength of evidence, relevance to geriatric pa-

tients, and focused on the perioperative period (Fig. 1).

Preoperative Management
Assessment of functional reserve

Comprehensive geriatric assessment (CGA) in the preoperative
period include systematic evaluation of comorbidities, functional
status, neurocognitive function, sensory impairment, substance
abuse, frailty, nutrition, and medication. Preoperative CGA has a
positive impact on postoperative outcomes in older patients un-
dergoing elective surgery [2]. A recent Cochrane review including
1,583 hip fracture surgeries in subjects > 65 years showed that
CGA probably reduces mortality (risk ratio [RR] 0.85, 95% CI
0.68-1.05) and referral to an increased level of care (RR 0.71, 95%
CI0.55-0.92) [2]. However, CGA may make little or no difference
in major postoperative complications and delirium rates [3]. Phy-
sicians must therefore recommend their patients to undergo all
the appropriate preoperative evaluations and interventions such
that they can improve their functional reserve and make an in-
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formed decision [4,5]. Furthermore, anesthesiologists are strongly
encouraged to get involved in national surveys and clinical out-
comes research focused on elderly surgical patients [6].

Baseline functional status should first be evaluated in ambula-
tory patients using a simple screening test, followed by in-depth
or full screening of basic and instrumental activities of daily living
(ADL) [7,8]. The patient should be evaluated for limitations in
gait and mobility using the Time Up and Go (TUG) test [9,10]. In
a 2018 prospective cohort study among 131 patients > 65 years
old who underwent elective major surgery for cancer, those who
were dependent in ADLs and had an unfavorable TUG test had a
significantly higher 1-year mortality (odds ratio [OR] 4.5, 95% CI
1.21-18.25, P = 0.034) than the other patients. As such, function-
al assessments such as ADL and TUG test as well as mild cogni-
tive impairment are predictors of long-term outcomes in elderly
cancer patients [11]. A 2005 prospective study of 120 patients >
60 years old who underwent thoracic surgery also showed depen-
dence in ADLs and impaired cognitive conditions as important
predictors of postoperative complications [12].

Age-associated organ reserve decline, compounded by chronic
diseases, also leads to high incidence of postoperative complica-

tions in the elderly patient, including neurologic, pulmonary, car-
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Fig. 1. Flow diagram for article search and study inclusion in this review.
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diac, and renal comorbidities. More data on the effectiveness of
various components of the CGA are needed, but a 2018 me-
ta-analysis showed that comorbidity (Charlson Comorbidity In-
dex > 3), polypharmacy (=5 drugs/day), and ADL dependency
were predictive factors for postoperative complications in gastro-
intestinal cancer patients [13,14]. A more independent preopera-
tive functional status strongly predicts better postoperative func-
tion and shorter recovery period after major abdominal surgery
[15]. Using the one million longitudinal health insurance database
in Taiwan, another 2017 retrospective study of patients > 65 years
old who received anesthesia showed that the leading comorbidity
contributing to postoperative mortality is chronic renal failure
(OR = 2.806), acute MI (OR = 4.58), and intracranial hemor-
rhage (OR = 3.758) [16].

The American College of Surgeons (ACS) and the American
Geriatrics Society (AGS) together recently proposed a framework
for routine multidomain preoperative assessment of geriatric pa-
tients. The ACS and AGS are also developing best practice guide-
lines for optimal perioperative care in geriatric surgical patients
[17,18]. One component of this collaboration is the initiation of
patient preparation (prehabilitation) before hospital admission
through measures including, e.g., correction of any deficiency
states, optimization of chronic drug treatment, and respiratory
training [19].

Neurocognitive and behavioral assessment

Dementia has a prevalence of 5% to 8% among people > 65
years old and may affect more than one third of individuals > 85
years [20]. As the geriatric population grows, the number of peo-
ple living with dementia is projected to rise dramatically [21]. A
2018 meta-analysis study showed that the mortality of patients
with dementia who underwent hip fracture surgery was increased
1.57,1.97, 1.77, and 1.60-fold after a 30-day, 6-month, 1-year, and
> 1-year follow up, respectively [22]. A 2014 retrospective cohort
study of 45,602 aged patients who had a hip fracture also showed
that dementia was associated with an increased risk of long-term
care admission (hazard ratio [HR] 2.49, 95% CI 2.38-2.61, P <
0.001), higher mortality (HR 1.47, 95% CI 1.41-1.52, P < 0.001),
and poor prognosis [23].

The recent ACS-AGS Guidelines for Optimal Preoperative As-
sessment of the Geriatric Patient include a routine preoperative
neurocognitive assessment before surgery. For patients without a
known history of cognitive impairment, “Mini-Cog” [24] is rec-
ommended as a short, easily applicable, and well-studied tool.
Careful documentation of the patient’s preoperative cognitive sta-

tus is critical for diagnosing and anticipating common postopera-
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tive complications such as postoperative delirium (POD) or cog-
nitive dysfunction (POCD). Preexisting cognitive impairment
predicts POD [25,26]. Postoperative cognitive impairment is as-
sociated with longer hospital stay, increased mortality, and func-
tional decline. Explanations may be that patients with impaired
cognition are less likely to engage in postoperative aggressive pul-
monary hygiene and ambulation, causing a high risk of develop-
ing postoperative complications such as pneumonia, deep vein
thrombosis, stroke, and cerebrovascular accident with neurologic
deficit.

Cardiac evaluation

Diminished cardiac reserve in elderly patients often manifests
as exaggerated drops in blood pressure during induction of gen-
eral anesthesia (GA). Reductions in the responsiveness of be-
ta-receptors caused by a beta-blocked state limits patients’ ability
to increase cardiac output and properly respond to blood losses.
Baroreceptor dysfunction and reduced responsiveness to angio-
tensin II further limit responsiveness to hypovolemia. All these
factors may be compounded by comorbid myocardial ischemia
related to atherosclerosis.

Assessing the metabolic equivalents (METS) of daily activities is
a useful way to assess exercise tolerance for patients who may not
participate in regular exercise. Geriatric patients should undergo
cardiac tests and risk stratification and evidence-based optimiza-
tion strategies should be applied before surgery [27]. The web-
based ACS National Surgical Quality Improvement Program
(NSQUIP) Risk Calculator is one of the recommended tools in the
2014 American College of Cardiology/American Heart Associa-
tion Guideline on Perioperative Cardiovascular Evaluation and
Management of Patients Undergoing Noncardiac Surgery [27] .
However, critical knowledge gaps remain for informed deci-
sion-making and recommendations targeting older patients. A
2016 study highlighted a critical need for large population-based
studies including a broad spectrum of older patients [28]. A 2002
prospective study of 513 patients > 70 years old undergoing
non-cardiac surgery showed that abnormalities in preoperative
electrocardiogram (ECG) are common but non-specific and thus
are of limited value in predicting postoperative cardiac complica-
tions compared to the presence and severity of comorbidities [29].
Conversely, echocardiography may help provide insights into ven-
tricular function and valve status; it may be considered in patients
with significant cardiac comorbidities such as history of myocardi-
al infarction (MI), congestive heart failure (CHF), or valvular heart
disease.

Older patients are more vulnerable to perioperative cardiac ad-
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verse events. A 2018 retrospective study of 8,441 adult patients
who underwent general and vascular surgeries showed that the
underlying predictors of cardiac events after surgery included age
> 65 years (OR 4.9, 95% CI 3.4-6.9, P < 0.01) [30]. In addition, a
2017 study showed one-year mortality in elderly patients undergo-
ing hip fracture repair to be significantly higher in patients with
postoperative atrial fibrillation, even in patients receiving anti-ar-
rhythmic therapy [31]. The anesthesia-related cardiac arrest rate is
a quality indicator to improve patient safety in the perioperative
period. A 2017 systematic review showed that perioperative and
anesthesia-related cardiac arrest rates only decreased with a coun-
try’s high Human Development Index (HDI), with perioperative
cardiac arrest being 4-fold higher in geriatric patients in low-HDI
countries compared to that in high-HDI countries [32]. Another
2014 study showed that a large majority of cardiac arrests in older
patients were caused by not anesthesia-related factors. The major
predictors of intraoperative cardiac arrests were poorer physical
status as based on assessment guidelines from the American Soci-
ety of Anesthesiologists (ASA) and the need for emergency sur-
gery. All anesthesia-related cardiac arrests were medication-relat-
ed or airway-related, highlighting the importance of preventive
strategies [33].

Pulmonary evaluation

Pulmonary function declines with age due to loss of both lung
and chest wall compliance and oxygen diffusion capacity, espe-
cially in smokers, contributing to decline in oxygen uptake and
delivery. Age and functional dependence have been identified as
the most reliable risk factors for postoperative pulmonary compli-
cations (PPC). A 2006 systematic review showed that patient-re-
lated risk factors for PPC included advanced age, ASA class 2
physical status or higher, functional dependence, chronic obstruc-
tive pulmonary disease, and CHF. In patients undergoing noncar-
diac surgery, the rates of PPC are 14% and 15% for ages > 65
years and > 70 years, respectively [34]. A 2017 prospective study
for PPC, which included 1,202 patients showed that significant
PPC risk factors, such as emergency (OR 4.47, 95% CI 1.59-
12.56), surgical site (OR 2.54, 95% CI 1.67-3.89), and age (OR
1.03, 95% CI, 1.02-1.05) were nonmodifiable [35]. In addition, a
2003 prospective study of 517 patients > 70 years old and under-
going noncardiac surgery showed that 31.7 percent of patients
died from renal complications (HR 6.07, 95% CI 2.23-16.52, P <
0.001), cancer (HR 2.44, 95% CI 1.78-3.38, P < 0.001), and pul-
monary complications (HR 2.41, 95% CI 1.30-4,48, P = 0.005).
These studies showed that pulmonary complications were an in-

dependent predictor of mortality in elderly patients [36].
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Depression

Senility alone is a high risk factor for depression, and the pre-
operative psychological burden that patients likely suffer may
complicate the situation. ACS-AGS guidelines strongly recom-
mend preoperative depression and substance abuse screening us-
ing a simple questionnaire [37]. More than 10% of elderly people
have depressive symptoms significant enough to warrant clinical
intervention [38]. A 2018 prospective cohort study of 1,035 indi-
viduals > 70 years old who underwent transcatheter or surgical
aortic valve replacement surgery showed that baseline depression
(31.5 percent of patients screened positive) was associated with
mortality after 1 month (OR 2.20, 95% CI 1.18-4.10) and 12
months (OR 1.532, 95% CI 1.03-2.24). Persistent depression 6
months after the procedure was associated with a 3-fold increase
in mortality at 12 months (OR 2.98, 95% CI 1.08-8.20) [39].
Therefore, active multi-disciplinary management of these patients

is needed perioperatively.

Frailty

Frailty is a syndrome of decreased physiologic reserve and re-
sistance to stressors. According to the Cardiovascular Health
Study, with 5,317 participants > 65 years old, the overall preva-
lence of frailty in this community was 6.9%, with frailty increasing
with age and being greater in women than men [40]. A prospec-
tive measure of frailty in 594 patients found that preoperative
frailty was associated with an increased risk of postoperative com-
plications (intermediately frail: OR 2.06; 95% CI 1.18-3.60; frail:
OR 2.54; 95% CI 1.12-5.77), length of stay (intermediately frail:
incidence rate ratio 1.49; 95% CI 1.24-1.80; frail: incidence rate
ratio 1.69; 95% CI 1.28-2.23), and discharge to an assisted-living
facility after previously living at home (intermediately frail: OR
3.16; 95% CI 1.0-9.99; frail: OR 20.48; 95% CI 5.54-75.68). Frailty
independently predicted higher rates of postoperative complica-
tions in elderly patients [41]. In addition, a 2019 prospective co-
hort study of 326 geriatric patients who required emergency gen-
eral surgery showed that a frail status increased the odds ratio of
failure to rescue 3 times when compared with a nonfrail status
[42]. A 2014 study including 275 subjects > 65 years old showed
that the multidimensional frailty score based on CGA is more
useful than conventional methods like the ASA classification (area
under the receiver operating characteristic curve, 0.821 vs. 0.647,
P = 0.01) for predicting all-cause mortality rates in geriatric pa-
tients undergoing surgery [43]. According to a 2017 meta-analy-
sis, sarcopenia and frailty seem to have significant adverse impacts

on postoperative outcomes [44]. Another 2018 meta-analysis
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identified potentially modifiable prognostic factors (i.e., frailty,
depressive symptoms, and smoking) associated with developing
postoperative complications that can be targeted preoperatively to
optimize care [45]. These results lend support to the view that in-
tensive management of preoperative modifiable factors can pre-
vent postoperative complications.

There is growing evidence that preoperative frailty in elderly
patients is associated with increased adverse outcomes after sur-
gery. Although further studies are needed, frailty evaluation will
be a useful preoperative risk-stratification tool in perioperative
geriatrics [46]. Geriatric specialists will be able not only to make
more extensive assessments but also to implement prior rehabili-
tation measures. Moreover, anesthesiologists should be aware of
their role in patient preparation, maintaining or enhancing pa-
tient’s functional reserve to facilitate postoperative rehabilitation

and discharge back into the society.

Nutrition

A 2015 meta-analysis showed that perioperative oral nutritional
supplementation had a positive effect on serum total protein and
led to fewer complications, such as wound, respiratory, and uri-
nary tract infections, but did not have a positive effect on postop-
erative mortality [47]. Another clinical trial study showed that
perioperative taurine supplementation attenuated postoperative
oxidative stress in elderly patients with a hip fracture, but did not
improve postoperative morbidity and mortality [48]. However, a
2016 review, which included 41 trials with a total of 3,881 partici-
pants, showed that oral multinutrient supplements started before
or soon after surgery might prevent complications within the first
12 months after a hip fracture although no clear effects on mor-
tality were seen [49].

Oral nutrition and supplementation counteracted the effects of
poor appetite and illness. Prolonged preoperative fasting should
be avoided (except in cases with an intraabdominal pathology).
Yeniay et al. [50] measured preoperative fasting duration with re-
spect to time of the day and its effect on vital parameters and ECG
in elderly patients undergoing surgery under spinal anesthesia
(SA). The fasting times were far longer than recommended, with
15-hour fasting being related to a transiently increased cardiac
stress and mild hypothermia. Malnutrition is a frequent yet often
overlooked problem in the surgical field.

Polypharmacy

Geriatric patients usually takes various medications, especially

cardiovascular and central nervous system acting medications.
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When compared with younger adults, older people are more like-
ly to have impaired renal function; therefore, it is critical to adjust
dosage to prevent adverse effects. The risk of adverse drug reac-
tions increases with the number of drugs taken, leading to more
hospital stays [51]. A 2016 analysis of 272 elderly patients with
consecutive hip fracture showed that the total number of medica-
tions at the time of discharge was predictive of rehospitalization
(OR 1.08, 95% CI 1.01-1.17, P = 0.030) but not predictive of
mortality [52]. Furthermore, a 2018 meta-analysis showed that
comorbidity (Charlson Comorbidity Index > 3) [13], polyphar-
macy (> 5 drugs/day), and ADL dependency were predictive fac-
tors for postoperative complications [14]. The ACS/AGS Best
Practices Guidelines for the Optimal Preoperative Assessment of
the Geriatric Surgical Patients recommended that whenever pos-
sible, nonessential medications should be discontinued periopera-
tively and the addition of new medications should be kept to a
minimum [17,53].

For patients at risk of POD, new benzodiazepines [54] and me-
peridine should be avoided [55,56]. Antihistamine H1 antagonists
and strong anticholinergic effective drugs should be cautiously
prescribed [54,57]. According to American College of Cardiolo-
gy/American Heart Association guidelines, beta-blockers are in-
dicated for patients who are already on it or whose known coro-
nary artery disease represents an immediate risk in vascular sur-
gery [58-60]. Beta-blockers should be started days to weeks before
elective surgery and titrated to a heart rate of 60 to 80 beats/min
in the absence of hypotension. Preoperative statin should be start-
ed as soon as possible before surgery for patients who have known
vascular disease. For patients undergoing noncardiac surgery and
currently taking statins, statins should be continued [60].

Cholinesterase inhibitors (e.g., galantamine, rivastigmine, and
donepezil), which are used to slow cognitive decline, was not as-
sociated with an increased risk of postoperative respiratory com-
plications among older patients with dementia undergoing hip
fracture surgery [61]. Cholinesterase inhibitors may interact with
muscle relaxants, thereby prolonging the actions of succinylcho-
line, reversing the effects of non-depolarizing neuromuscular
blocking agents, and leading to larger doses needed to achieve a

proper degree of neuromuscular blockade [61,62].

Anticoagulation therapy

A 2016 population-based cohort study of 154,047 hip fracture
patients showed that 33% of them used one or more antithrom-
botic on admission, with a higher proportion of men and a higher
mean age [63]. In most cases, perioperative bridging anticoagula-

tion is no longer recommended when using novel oral anticoagu-
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lants and vitamin-K antagonists [64]. However, this recommen-
dation does not apply to patients at high risk of thromboembo-
lism. Although the use of anticoagulants in the elderly is basically
similar with that in younger patients, the reduced renal function
frequently seen in elderly patients requires consideration.

Intraoperative Management
Anesthesia in elderly patients

A 2019 meta-analysis showed that postoperative morbidity and
mortality increased with age [65]. However, a 2018 meta-analysis
showed that laparoscopic hepatectomy is a feasible and safe alter-
native to open hepatectomy in elderly patients because of the low-
er rates of morbidity and favorable postoperative recovery and
outcomes [66]. Another 2018 meta-analysis showed that the out-
comes of laparoscopic gastrectomy for elderly gastric cancer pa-
tients were comparable to those in nonelderly patients. A 2017
study showed that laparoscopic liver resection of colorectal liver
metastases in subjects > 70 years of age is associated with a sig-
nificant lower morbidity and a shorter stay [67]. The oncological
outcomes were comparable with those in open liver resection
even though the benefits of the laparoscopic approach appeared
to fade with increasing age. Another recent retrospective study of
patients > 80 years old who underwent transabdominal preperi-
toneal repair of groin hernia showed that the incidence of postop-
erative complication was influenced by poor performance status,
lower hemoglobin level, and lower albumin level rather than old
age [68]. Therefore, age alone should not preclude laparoscopic
gastrectomy in elderly patients [69].

However, whether old age itself is the only criterion for deter-
mining the indication of surgery remains controversial. A 2017
meta-analysis that included 18 studies of pancreaticoduodenecto-
my in patients > 80 years old showed a higher 30-day postopera-
tive mortality rate (OR 1.51, 95% CI 1.48-3.31, P < 0.001) and
length of hospital stay (OR 2.23, 95% CI 1.36-3.10, P < 0.001) in
this group of patients compared to that in younger patients. The
overall postoperative complication rate was high (OR 1.51, 95%
CI 1.25-1.83, P < 0.001) in aged patients [70]. Another recent
prospective study including 165 patients who had pancreaticodu-
odenectomy showed that the 90-day mortality rate (5.9% in those
> 80 years old vs. 2% in the younger group, P = 0.335) and the
postoperative complication rate (64.7% in the elderly vs. 62.8% in
the younger group, P = 0.83) were similar, although the older pa-
tients were far more likely to be discharged to a rehabilitation fa-
cility than younger patients were (47.1% vs. 12.8%, P < 0.001)

[71]. Careful selection of elderly patients and optimal periopera-
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tive care, rather than age, should be used to determine whether
surgical intervention is indicated. Therefore, the question arises as
to whether surgery is associated with a better outcome for the el-
derly patient when compared with conservative treatment. Ideally,
individual parameters should be assessed at an interdisciplinary
level, thereby preventing a complication-prone decision-making
process based on surgical diagnosis. Once the decision to operate
has been made, experienced staffs should be available at all times
to anesthetize and operate on the patient as well as to organize ap-

propriate postoperative care.

Mode of anesthesia

To date, there is insufficient evidence to support a single best
anesthetic plan for elderly patients. No difference was found in
postoperative morbidity, rates of rehospitalization, in-patient
mortality, or hospitalization costs in geriatric patients undergoing
regional anesthesia (RA) or GA for hip fracture repair [72,73]. GA
and RA are both useful for older non-cardiac patients, but for
some procedures, e.g., hip fracture surgery, RA seems the tech-
nique of choice. The mode of anesthesia may only play a second-
ary role in mobility, rehabilitation, and discharge delay. There are
no specific recommendations regarding the preferred type of an-
esthesia for elderly non-cardiac patients [74]. Another 2014 pop-
ulation-based retrospective cohort study that included 6,135 age-
matched adult pairs with dementia undergoing hip fracture sur-
gery showed that GA and RA are associated with similar rates of
most perioperative adverse events (GA, 11.3%; RA, 10.8%, P =
0.44) [75]. The mode of anesthesia also did not have any signifi-
cant effects on perioperative outcomes (MI, pulmonary complica-
tion, stroke, urinary tract infection, and wound infection) after
lower extremity amputation in a total of 3,260 geriatric patients
[76]. While anesthesia preparation time, start time of surgery,
length of surgery, time to sit, and time to walk were shorter in GA,
time to fast-track eligibility, phase 1 recovery time, and time to
discharge were similar among patients who received SA [77]. An-
other 2014 retrospective cohort study that included 56,729 pa-
tients > 50 years old undergoing hip repair surgery found that
RA was not associated with a lower 30-day mortality when com-
pared with GA (RA, 5.4%; GA, 5.8%; instrumental variable esti-
mate of risk difference, -1.1%, 95% CI -2.8 to 0.5), P = 0.20) but
was associated with a modestly shorter length of stay. These find-
ings do not support a mortality benefit for RA in this setting [78].

However, a recent retrospective study that included 16,695 geri-
atric patients and analyzed mortality within 90 days of undergo-
ing hip fracture repair surgery showed that GA and conversion

from RA to GA were associated with a higher risk of mortality
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(HR 1.22, 95% CI 1.11-1.35, P < 0.001) during hospital stay
when compared with RA, but this higher risk did not persist after
discharge. Furthermore, GA was associated with a higher risk of
all-cause readmission when compared with RA, suggesting that
RA may be preferable [79]. Another 2019 retrospective compara-
tive study including 89 patients > 70 years old undergoing major
lumbar surgery showed that there was an association between
epidural anesthesia and superior perioperative outcomes, such as
episodes of hypertension and tachycardia during anesthesia and
POD, nausea, vomiting, and pain [80]. A 2000 meta-analysis con-
cluded that there were marginal advantages for RA when com-
pared with GA for hip fracture patients in terms of early mortality
and risk of deep vein thrombosis [81]. A 2014 review showed that
multimodal drug therapy and RA can be effective for periopera-
tive pain management in the elderly, although it did not improve
long-term mortality [82].

Several ongoing large-scale randomized controlled trials (RCTs)
should provide future guidance on the best anesthesia technique
for hip surgery in the elderly [83-85]. Regardless of the type of an-
esthesia chosen, anesthesia should be carried out by experienced
anesthesiologists who are trained to manage the perioperative
care of geriatric patients [62,86]. Anesthesiologists should then
base the choice of anesthetic on patient preferences, comorbidi-
ties, and potential postoperative complications.

A 2018 study of 392 older patients showed that propofol-based
GA might decrease the incidence of delayed neurocognitive re-
covery at one week after surgery when compared with sevoflu-
rane-based GA (propofol 14%; sevoflurane 23.2%; OR 0.577,
95% CI 0.342-0.975, P = 0.038) [87]. However, another recent
study that included 28 RCTs with 4,507 participants found
low-certainty evidence that maintenance with propofol-based to-
tal intravenous anesthesia (TIVA) or with inhalational agents
may affect the incidence of POD, mortality, or length of hospital
stay [88].

In elderly patients undergoing hip fracture repair, continuous
spinal anesthesia (CSA) provided fewer episodes of moder-
ate-to-severe hypotension when compared with a single intrathe-
cal injection of 7.5 mg bupivacaine [89]. A prospective cohort
study showed that cardiac output and blood pressure decreased
significantly after the onset of SA in elderly patients, mainly due
to a decrease in stroke volume and not in systemic vascular resis-
tance [90]. A 2014 prospective randomized study of elderly high-
risk patients undergoing hip replacement surgery showed that
CSA and psoas compartment sciatic nerve block (PCSNB) pro-
duced a satisfactory quality of anesthesia. Fewer hemodynamic
changes in PCSNB cases when compared with CSA cases were

also noted [91]. A 2015 prospective randomized study comparing
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midazolam with propofol sedation in hypoalbuminemia (albumin
level below 3 g/dl) geriatric patients under SA found that when
compared with midazolam, propofol is associated with greater
hemodynamic stability, lesser respiratory depression, and faster
recovery [92].

Anesthetic pharmacology

Standard anesthetic doses can cause more profound clinical ef-
fects in the elderly, because of differences in pharmacokinetics
and pharmacodynamics with the general population. Lower doses
are required for propofol, remifentanil, ropivacaine, and desflu-
rane [93]. Particular care should be taken with hypnotic agents, as
the dose required to induce anesthesia is lower but the onset time
is prolonged [94]. Depth of anesthesia monitoring is recommend-
ed [95,96]. Anesthesiologists should be familiar with potentially
inappropriate medications for older patients according to Beers
criteria. Thus, for example, elderly people have increased sensitiv-
ity to benzodiazepines and decreased metabolism of long-acting
agents; in general, all benzodiazepines increase the risk for cogni-
tive impairment, delirium, falls, fractures, and motor vehicle

crashes in elderly people [53].

Neuromuscular blocking and reversal agents

The dose of neuromuscular blocking agents (NMBAs) should
hardly be reduced in the elderly for intubation, but their duration
of action is often prolonged and difficult to predict along with
age-induced changes in pharmacokinetics of long and intermedi-
ate-acting NMBAs (especially, aminosteriods including rocuroni-
um and vecuronium), which may cause postoperative residual
neuromuscular blockade and associated complications. Therefore,
perioperative neuromuscular monitoring including a train-of-
four monitoring is strongly recommended [97] .

Benzylisoquinoliniums including atracurium and cisatracuri-
um have more reliable durations of action because they depend
less on renal and hepatic function for their elimination and can
thus be favorably considered for use in the elderly [98]. Neostig-
mine and pyridostigmine are preferable to edrophonium as
NMBA reversal agents because their prolonged duration of action
can counterbalance that of NMBAs; however, neostigmine rever-
sal may be ineffective or prolonged and standard doses of sugam-
madex are required in the elderly [93,98].

Monitoring
The professional association of anesthesiologists recommends
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routinely considering using the following monitoring devices for
the elderly, particularly during major or emergency surgery [6].

For intra-arterial blood pressure monitoring, hemoglobin con-
centration, blood glucose, arterial blood gas testing, and beat-to-
beat blood pressure monitoring are recommended. A suitable
limit of blood pressure is a fall in systolic blood pressure of more
than 20% from pre-anesthesia induction baseline.

For central venous monitoring, catheterization may provide an
additional route of venous access after complex surgery when va-
soactive drug support is necessary, but its use should be balanced
against the possible complication of the procedure. For cardiac
output monitoring, there is still limited evidence in the elderly.
Because elderly patients have poorly compliant aortas, cardiac
output monitoring using Doppler directed at the aorta may pro-
vide less accurate information.

For cerebral oxygen saturation, an episode of a decrease in re-
gional cerebral oxygen saturation (rSO,) of more than 15% of the
baseline value is indicative of cerebral ischemia. Ruzman et al. [99]
evaluated the changes of rSO, measured by near-infrared spec-
troscopy during elective laparoscopic cholecystectomy under
TIVA and the association between patient characteristics and crit-
ical decline in rSO,. The rSO, was significantly lower in patients
older than 65 years, suggesting that monitoring of cerebral oxy-
genation could be an important part of the perioperative care to
prevent cerebral hypoxia in older patients. In addition, early evi-
dence suggests that monitoring of cerebral oxygen desaturation
and early intervention may reduce POD or POCD [100].

For depth of anesthesia monitoring, processed electroencepha-
logram (EEG) neuromonitoring including a bispectral index or
entropy monitor is recommended to avoid excessive depth of an-
esthesia, thereby preventing the development of POD [95,96] or
POCD [100] in elderly patients. Lastly, perioperative neuromus-
cular monitoring is strongly recommended to keep the proper de-

gree of neuromuscular blockade and its safe reversal [97,101].

Fluid management and blood transfusion

Intraoperative fluid optimization may be associated with benefit
in geriatric hip fracture patients. A 2015 systematic review showed
that goal-directed fluid therapy during hip fracture repair under
SA does not result in a significant reduction in length of stay or
postoperative complications [102]. Discharge time was similar in
the anesthetist-directed fluid therapy group and the pulse-con-
tour-guided fluid optimization strategy group, as was total length
of stay. A nested meta-analysis of 355 patients found non-signifi-
cant reduction in early mortality (relative risk [RR] 0.66, 95% CI
0.24-1.79) and in-hospital complications (RR 0.80, 95% CI 0.61-
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1.05) when goal-directed intervention fluid therapy was imple-
mented. However, the study provided preliminary evidence that
goal-directed fluid therapy may have a mortality reduction benefit.
A 2014 systematic review including 734 high-risk patients aged 50
years or older found that the use of a cardiac output-guided hemo-
dynamic therapy algorithm did not reduce a composite outcome
of complications or 30-day mortality when compared with the
usual standard of care [103].

In high-risk surgical patients, several studies have demonstrat-
ed that goal-directed hemodynamic therapy (GDHT) significant-
ly reduced postoperative mortality and morbidity [104,105].
However, several studies found that GDHT was not associated
with improved cardiac performance and exerted a statistically un-
certain risk reduction in postoperative complications in elderly
patients [102,106]. Subsequently, a 2016 RCT in patients aged >
70 years old undergoing hip-fracture surgery also indicated that
the main GDHT component, the stroke volume maximization by
fluid challenges, and traditional pre-anesthesia fluid loading are of
questionable value in the elderly [107]. A multicenter RCT involv-
ing 807 patients > 75 years old and using a stepped wedge cluster
design to assess the effectiveness of an optimization strategy in-
volving GDHT, lung-protective ventilation, and depth of anesthe-
sia monitoring for GA on postoperative morbidity and mortality
in high-risk elderly patients undergoing high-risk surgeries (the
OPTI-AGED study) identified a considerable gap between clinical
practice and the relevant guidelines for anesthetic optimization
[108]. Implementation of such multimodal optimization strategies
varied independently of factors related to the population or type
of surgery, and thus, potential benefit should be further addressed
in elderly patients [109].

To date, it is still controversial whether red blood cell (RBC)
transfusions might increase the risk of infection after hip fracture
surgery in geriatric patients. The Transfusion Requirements In
Frail Elderly (TRIFE) randomized study with 284 patients showed
that a more liberal RBC transfusion strategy (Hb < 11.3 g/dl; 7
mmol/L) was not associated with higher infection risk in subjects
undergoing hip fracture surgery compared to the restrictive RBC
strategy group (hemoglobin [Hb] < 9.7 g/dl; 6 mmol/L). The rate
of infection was 72% in the restrictive RBC strategy group com-
pared with 66% in the liberal group (RR 1.08, 95% CI 0.93-1.27, P
= 0.29) [110]. A 2015 Cochrane review of 2,722 participants be-
tween 81 and 87 years old undergoing hip fracture surgery pro-
vided preliminary evidence for similar mortality, functional re-
covery, or postoperative morbidity when using the thresholds for
RBC transfusion in the liberal strategy (aiming to maintain a Hb
level usually around 10 g/dl) versus the restrictive strategy (based

on symptoms of anemia or a lower Hb concentration usually
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around 8 g/dl) [111]. A 2015-nested analysis in the Transfusion
Requirements After Cardiac Surgery (TRACS) RCT focusing on
30-day all-cause mortality and severe morbidity showed no differ-
ence between liberal and restrictive transfusion strategy inpatients
aged less or more than 60 years old. However, there was an in-
creased rate of cardiogenic shock in the elderly patients in the re-
strictive transfusion strategy group [112]. A 2019 prospective,
multicenter, controlled trial randomizing 2,470 elderly (= 70
years) patients undergoing non-cardiac surgery is now to evaluate
whether a liberal transfusion strategy (defined as the transfusion
of a single RBC unit when Hb is < 9 g/dl with a subsequent target
range of 9-10.5 g/dl) reduces the major adverse events after
non-cardiac surgery compared to a restrictive strategy (transfu-
sion of a single RBC unit when Hb < 7.5 g/dl with a subsequent
target range of 7.5-9 g/dl) within 90 days after surgery [113].
Another 2019 RCT showed that salvaged autologous blood leu-
kocyte filtration could improve ventilation, promote oxygenation
and gas exchange, and inhibit lung inflammatory and oxidative
stress reactions in elderly patients undergoing lumbar spinal sur-

gery [114].

Lung-protective ventilation

The ACS best practice guidelines for PPC detailed risk factors
and strategies to prevent complications. A 2018 expert survey in-
cluding 362 respondents suggested a care bundle composed of
factors before surgery, i.e., supervised exercise programs and in-
spiratory muscle training; factors during surgery, i.e., low tidal
volume ventilation (6-8 ml/kg) with individualized positive
end-expiratory pressure (PEEP) of 5-8 cmH,0 and repeated re-
cruitment maneuvers, use of routine monitoring to avoid hyper-
oxia, and efforts to limit neuromuscular blockade; and post-oper-
ative factors, i.e., deep breathing exercises and elevation of the
head of the bed [115].

Prevention of hypothermia

Elderly patients are vulnerable to perioperative hypothermia,
leading to increased morbidity. Especially, during transurethral
resection of the prostate (TURP) or bladder tumor (TURB) under
SA or GA, or arthroscopic shoulder surgery under GA, it is im-
portant to maintain a normal range of body temperature through-
out the whole perioperative period. Many studies have therefore
been performed to investigate the effects of various active or pas-
sive warming devices and methods including a forced-air warming
blanket or heated humidifier circuit on perioperative hypothermia

or shivering in elderly patients undergoing TURP or TURB under
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SA or GA and arthroscopic or open urologic surgeries under GA
[116-119]. Jo et al. [116] suggested that a brief period of preopera-
tive forced-air warming did not significantly reduce the incidence
of intraoperative hypothermia, but it could significantly reduce its
severity in elderly male patients undergoing TURP under SA.
Moreover, Zhang et al. [120] reported that use of a forced-air
warming system combined with an electric blanket was a more ef-
fective method for maintaining body temperature compared to in-
dividual devices alone in elderly TURP patients.

Hong et al. [117] reported that warming blanket application for
10 min before induction of anesthesia reduced the incidence of
hypothermia as measured one hour after induction compared to
one-layer cotton blanket. A prospective observational study
showed a heated humidifier was more effective in preventing in-
traoperative hypothermia in elderly patients undergoing open
urologic surgeries than a heat moisture exchanger was [118]. A
retrospective study performed in arthroscopic shoulder surgery
reported that the incidence of postoperative hypothermia was
higher and the associated temperature drop was more prominent
in geriatric patients compared to young adult patients and sug-
gested that additional warming methods are needed to prevent
perioperative hypothermia in geriatric patients [119]. Altogether,
these and other studies demonstrated that various warming strat-
egies could be helpful in keeping the body temperature stable in
elderly patients undergoing surgery under GA or RA.

Postoperative Management
Postoperative adverse outcomes

Despite the prevalence of preoperative chronic medical condi-
tions, most patients do well postoperatively. Nonetheless, in a
prospective cohort study of 544 patients aged 70 and older under-
going non-cardiac surgery, an overall 21 percent of patients devel-
oped adverse outcomes and 3.7% died during the in-hospital
postoperative period. ASA physical classification, emergency sur-
gery, and intraoperative tachycardia increased the odds of adverse
events [121]. Another prospective study of 517 patients > 70
years old and undergoing non-cardiac surgery showed that 31.7
percent of patients were deceased at the time of follow-up and a
history of cancer (HR 2.44, 95% CI 1.78-3.38, P < 0.001), ASA
physical status > 2 (HR 2.27, 95% CI 1.61-3.21, P < 0.001), neu-
rologic disease (HR 1.59, 95% CI 1.13-2.24, P = 0.008), age (HR
1.42 per decade, 95% CI 1.11-1.81, P = 0.005), postoperative pul-
monary complication (HR 2.41, 95% CI 1.30-4.48, P = 0.005),
and renal complication (HR 6.07, 95% CI 2.23-16.52, P < 0.001)

were all significant independent predictors of decreased long-
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term survival [122]. Co-morbid conditions, age, and new hospi-
talization after discharge were important independent predictors
of a long-term decrease in quality of life. To improve postopera-
tive long-term quality of life, geriatric surgical patients should be
evaluated for their potential pre- and intra-operative risk factors.

Postoperative transfusion

In a 2016 RCT including 284 frail elderly patients undergoing
surgical hip fracture, postoperative transfusion using the liberal
hemoglobin target (7 mmol/L, or 11.3 g/dl) improved survival
within one year after surgery in the frailest elderly (the nursing
home residents) without impairing recovery from physical disabil-
ities and overall quality of life or increasing the risk of infection
when compared with the restrictive hemoglobin target (6 mmol/L,
or 9.7 g/dl) [123]. According to the Hb thresholds, recovery from
physical disabilities in frail elderly hip fracture patients was similar
after a restrictive RBC transfusion strategy (Hb < 9.7 g/dl; < 6
mmol/L) and after a liberal strategy (Hb < 11.3 g/dl; < 7 mmol/
L). The 90-day mortality rate was higher for the nursing home res-
idents in the restrictive transfusion group (36%) than for those in
the liberal group (20%) (HR 2.0, 95% CI 1.1-3.6, P = 0.010). Im-
plementation of a liberal RBC transfusion strategy in nursing
home residents has thus the potential to increase survival [124].

Perioperative analgesia

Elderly patients are often undertreated for pain. Acute pain
management in the elderly is challenging, with physiological frail-
ty, medical comorbidities, and cognitive impairment commonly
compounding pain assessment and treatment. A 2003 retrospec-
tive cohort study including 8,855 subjects aged 16 years and older
showed that the risk of respiratory depression after short-term opi-
oids use increased with age, substantially after 60 years of age [125].
A 2014 review suggested that multimodal drug therapy and
perioperative regional analgesia can be very effective for perioper-
ative pain management in elderly patients [81]. Paracetamol is safe
and considered first-line therapy. Nonsteroidal anti-inflammatory
drugs should be used with caution because they can cause gastric
and renal damage. Although morphine is effective, cautious ad-
ministration to elderly patients with poor renal or respiratory
function and impaired cognition must be taken into consideration.

RA as part of multimodal perioperative treatment can often re-
duce postoperative neurological, pulmonary, cardiac, and endo-
crine complications. RA or analgesia has not been proven to im-
prove long-term morbidity but does benefit immediate postoper-

ative pain control. In addition, multimodal drug therapy utilizes a

https://doi.org/10.4097/kja.19391

Korean J Anesthesiol 2020;73(1):8-29

variety of nonopioid analgesic medications in order to minimize
dosage and prevent adverse effects from opioids while maximiz-
ing analgesic benefit [81]. A 2018 review showed that comprehen-
sive pain protocols for elderly hip fracture patients are required,
with fascia iliaca blocks as a local anesthesia method of choice
[126]. Ultrasound-guided regional anesthesia/analgesia is an im-
portant part of anesthesia practice in the elderly population, the
growth of which will continue to outpace that of the younger pop-
ulation due to improvements in lifespan worldwide [127]. In a
2016 RCT comparing ultrasound-guided continuous femoral
nerve block versus continuous fascia iliaca compartment block in
60 elderly patients undergoing hip replacement surgery, both ul-
trasound-guided blocks provided effective anesthesia and postop-
erative analgesia [128]. Moreover, in a 2014 RCT comparing the
hemodynamic effects of combined PCSNB with CSA in elderly
high-risk patients undergoing hip replacement surgery, PCSNB
produced satisfactory-quality anesthesia in elderly high-risk pa-
tients with fewer hemodynamic changes compared with CSA
[91].

Another RCT showed that after a major abdominal surgery in
the elderly patient, patient-controlled analgesia, regardless of the
route (epidural or parenteral), was effective. Furthermore, pa-
tient-controlled epidural analgesia using local anesthetics and an
opioid provided better pain relief and improved mental status and
bowel activity when compared with intravenous patient-con-
trolled analgesia [129].

Postoperative delirium

POD is a common serious postoperative complication, espe-
cially in older people, and is associated with increased mortality,
morbidity, and health costs. The overall prevalence of delirium in
older patients after surgery has been estimated to be 10% [130].
One study in which 144 patients > 50 years were scheduled for an
operation requiring a postoperative intensive care unit (ICU) ad-
mission showed that 44 percent of patients developed delirium
[131]. A recent review of 35 selected articles showed that the inci-
dence of POD was up to 50% [132]. However, a 2015 study in-
cluding 459 elderly patients found that incident POD was not sig-
nificantly associated with decreased survival after hip fracture re-
pair and that survival was a function of age at the time of surgery,
illness severity based on ASA physical status, and duration of ICU
stay after surgery [133].

Among the risk factors for POD, preexisting cognitive impair-
ment and dementia are the strongest predisposing factors [131,
134]. A 2006 study including 333 elderly patients undergoing

noncardiac surgery found that 46 percent of patients developed
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POD. By multivariate logistic regression, age (OR 2.5, 95% CI
1.5-4.2) and moderate (OR 2.2, 95% CI 1.2-4.0) or severe (OR
3.7, 95% CI 1.5-9.0) preoperative resting pain were important
contributing factors [135]. Therefore, adequate opioid-reduced
analgesia is of great importance. A 2019 review suggested that a
clinical trial on the usefulness of the STOP-BANG questionnaire
on obstructive sleep apnea as a preoperative stratification for POD
showed no difference between the low-risk group and the inter-
mediate-to-high risk groups in POD incidence, duration of deliri-
um, and length of ICU. However, a higher preoperative risk for
obstructive sleep apnea was associated with a 3-fold higher risk
for POD and coma [136]. A retrospective study that included 318
elderly patients undergoing total knee arthroplasty also showed
that preoperative dementia is the most important risk factor for
POD, suggesting that those patients should be thoroughly evalu-
ated and their dementia should be managed preoperatively. Ade-
quate management of intraoperative hypotension and preopera-
tive hemoglobin might also be helpful in reducing the incidence
of POD [137].

A 2018 systematic review, which included 104 studies found no
evidence of anesthesia types (GA vs. RA) influencing POD [138].
Another 2018 RCT, which included 256 patients > 75 years old,
found that Xenon anesthesia did not reduce the incidence of POD
(Xenon; 9.7%, 95% CI 4.5-14.9, sevoflurane; 13.6%, 95% CI 7.8-
19.5, P = 0.33) [139]. Meanwhile, a comparison of RA with GA on
POD in elderly patients is underway in nine clinical trial centers in
China with an expected total enrollment of 1,000 patients [84].

Intraoperative EEG waveform suppression, which often suggests
excessive GA, has been associated with POD, prompting research
on whether EEG-guided anesthetic administration decreases the
incidence of POD. A 2019 systematic review for prevention of
POD in elderly patients planned for elective surgery offered pre-
liminary evidence that multicomponent interventions (i.e., com-
prehensive multidisciplinary care and multimodal interventions),
antipsychotics, bispectral index-guidance, and dexmedetomidine
treatment can successfully reduce POD incidence in elderly pa-
tients undergoing elective non-cardiac surgery [95]. However, re-
cently, a remarkable large-scale RCT of 1,232 adults aged 60 years
and older undergoing major surgery showed that EEG-guided an-
esthetic administration, compared with standard care, did not de-
crease the incidence of POD. This finding does not support the use
of EEG-guided anesthetic administration for decreasing the inci-
dence of POD [140]. Another 2019 RCT with 200 elderly patients
undergoing hip fracture repair with SA supplemented with propo-
fol sedation found that heavier intraoperative sedation was not as-
sociated with significant differences in mortality or return to

pre-fracture ambulation up to one year after surgery [141]. There-
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fore, further large-scale and well-designed RCTs are needed to
clarify the association between EEG-guided anesthetic administra-
tion or depth of anesthesia, and POD incidence.

A 2012 clinical trial that included 171 elderly subjects with hip
fracture found that delirium episodes and cognitive decline
during hospitalization were common, but inpatient geriatric con-
sultation teams intervention reduced the incidence of POD (con-
trol group 53.2%; intervention group 37.2%; OR 1.92, 95% CI
1.04-3.54, P = 0.04). However, another study found that geriatric
consultation had no effect on the severity or duration of POD epi-
sodes [142]. Although the results are not conclusive, a close col-
laboration with the geriatric team can be useful [143]. A 2017 me-
ta-analysis that included 1,840 elderly patients concluded that
comprehensive geriatric care may reduce the incidence of POD
(OR0.71,95% CI 0.57-0.89, P = 0.003) [144].

Two systematic 2019 meta-analyses of RCTs showed that in el-
derly patients undergoing noncardiac surgery, perioperative ad-
ministration of dexmedetomidine, compared with placebo, re-
duced the incidence of POD [145,146]. In contrast, a 2019 dou-
ble-blinded, multi-center, randomized study that included 164 el-
derly patients undergoing cardiac surgery reported that dexmede-
tomidine-based GA resulted in reduced extubation time and
postoperative morphine requirements when compared with
propofol-based GA, but no significant difference was observed in
POD incidence [147].

If possible, drugs that precipitate POD such as opioids, antihis-
tamines, atropine, sedative hypnotics, and corticosteroids should

be avoided in patients at risk, including benzodiazepine [54,148].

Postoperative cognitive dysfunction

POCD is another frequent neurologic complication occurring
in geriatric patients. The type of anesthesia or analgesia and pa-
tient inflammatory response may contribute to POCD. A 2014
clinical trial that included 200 elderly patients with mild cognitive
impairment showed that there is no difference in the incidence of
POCD at 7 days after radical rectal resection under sevoflurane
(33.3%) or propofol-based (29.7%) GA, even though sevoflurane
had more severe impact on cognitive function than propofol
[149]. However, a 2015 clinical trial that included 90 elderly pa-
tients scheduled for resection of an esophageal carcinoma showed
the incidence of POCD was higher in sevoflurane than propofol
anesthesia using the Mini Mental State Examination (MMSE) and
the Montreal cognitive assessment (MoCA) scores. Furthermore,
elevated plasma concentrations of TNF-q, interleukin (IL)-6, and
S-100p protein were found in patients receiving sevoflurane anes-

thesia throughout the first postoperative week [150]. However, a
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2016 RCT that included 80 elderly patients scheduled for a
non-cardiac operation found a negative influence by sevoflurane
anesthesia on the early (48 hours postoperatively) and late (9
months postoperatively) state compared to propofol anesthesia
and no difference in inflammatory markers (IL6, IL10, TNF-a)
between the two anesthesia groups [151]. A 2018 clinical trial that
included 120 elderly scheduled for esophageal carcinoma resec-
tion showed that POCD incidence was higher in elderly patient
receiving sevoflurane anesthesia while dexmedetomidine could
alleviate POCD through decreasing TNF-a and IL-6 [152].

A 2018 RCT compared the effect of GA and SA on the occur-
rence of POCD up to postoperative 30 days in elderly patients un-
dergoing hip fracture surgery and reported that the choice of an-
esthesia modality did not appear to influence the emergence of
PCOD in the elderly patients [153]. Meanwhile, a 2019 RCT with
80 elderly patients undergoing orthopedic surgery concluded that
compared with GA, SA can effectively reduce eye opening and
language presentation times and also has few negative impacts on
the short-term cognitive function and mental status of elderly pa-
tients, along with lower incidence of POCD [154].

A 2017 RCT was performed to observe whether combined GA
and RA affected perioperative cognitive trajectory compared to
only GA in elderly patients with arthroplasty [155]. Postoperative
MMSE was significantly higher in the combined anesthesia group
as well as significantly improved compared with preoperative
MMSE score in both groups. Combined GA and RA protected
perioperative cognitive trajectory, providing evidence supporting
the combined use of RA and GA in elderly orthopedic patients
vulnerable to POCD.

A 2016 meta-analysis including 13 RCTs of GA showed that
dexmedetomidine significantly reduced the incidence of POCD
(RR 0.59, 95% CI 0.45-2.95) and improved the MMSE score
(mean difference [MD] 1.74, 95% CI 0.43-3.05) on the first post-
operative day and reduced the incidence of POCD thereafter (MD
2.73, 95% CI 1.33-4.12) [156]. Another 2019 meta-analysis in-
cluding 26 RCTs found that perioperative dexmedetomidine
treatment significantly reduced the incidence of POCD (pooled
ORs 0.59, 95% CI 0.45-2.95) and improved MMSE score (stan-
dardized mean difference [SMD] 1.74, 95% CI 0.43-3.05) on the
first postoperative day and decreased IL-6 (SMD: -1.31, 95% CI:
-1.87--0.75, P < 0.001) and TNF-a (SMD: -1.31, 95% CI: -1.87 to
-0.75,P < 0.001) and TNF-a (SMD: -2.14, 95% CI: -3.14 to -1.14,
P < 0.001) when compared with saline treatment [157]. A 2016
clinical trial with 134 elderly patients undergoing total knee ar-
throplasty found that parecoxib sodium decreased POCD inci-
dence and plasma IL-1f, IL-6, and TNF-a levels, suggesting that

parecoxib may influence POCD incidence through suppression of
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inflammation and pain [158]. Another clinical trial in 2017 that
included 152 elderly patients scheduled for shoulder arthroscopy
showed that parecoxib sodium pretreatment combined with dex-
medetomidine could reduce the incidence of early POCD and
yielded higher jugular venous oxygen partial pressure and jugular
venous oxygen saturation values at postoperative day one when
compared with the control group. This effect may be related to the
improvement of postoperative analgesia and cerebral oxygen me-
tabolism [159].

In a prospective randomized double-blinded controlled study,
the effect of remifentanil and fentanyl on POCD and cytokine levels
were investigated in elderly patients undergoing major abdominal
surgery. The two opioid groups were comparable in terms of POCD
incidence; however, IL-6 levels were lower at the seventh day after
surgery in the remifentanil group, suggesting that remifentanil did
not reduce POCD compared to fentanyl [160].

Enhanced inflammation response has been increasingly report-
ed in association with POCD [161]. Glucocorticoid receptor (GR)
signal plays a key role in suppression of inflammation. In a 2010
prospective cohort that included 126 elderly patients undergoing
hip fracture surgery with GA, plasma cortisol levels and the ex-
pression levels of GR and FK506 binding protein 51 (FKBP51) in
leukocytes were determined from one day before surgery and to
up to seven days after surgery. When compared with non-POCD
patients, visual analogue scale (VAS) scores at 12 hours after sur-
gery were higher in POCD patients. No significant difference in
expression levels of GR was found between POCD and non-
POCD patients, but high expression of FKBP51 in leukocytes and
glucocorticoid resistance were associated with POCD in aged pa-
tients following hip fracture surgery [162].

A 2017 RCT reported that preoperative oral melatonin supple-
mentation might improve early POCD in elderly patients under-
going hip arthroplasty, suggesting that the restoration of normal
circadian function with good sleep quality may be a key factor in
preventing or treating POCD [163].

To manage POCD, care bundles and protocols for the perioper-
ative period may improve outcomes in the elderly patient. How-
ever, to date, there is no clear strategy to improve POD or POCD.
Preventive strategies, early recognition, and management of
perioperative risk factors seems to be the best modality to treat
POCD until further progress is made [164]. Meanwhile, in Ger-
many, a stepped-wedge cluster randomized (PAWEL) trial for the
reduction of delirium and POD risks after elective procedures in
adults > 70 years old is now planned with an expected 1,500 pa-
tients to enroll. Results of the trial should form the basis of future
standards for preventing delirium and POCD in surgical wards
[165].
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Prevention of postoperative pulmonary complica-
tions

Pulmonary complications increase the risk of mortality after
surgery and age is a significant risk predictor of pulmonary com-
plications [34,166]. A large retrospective cohort study that includ-
ed 8,920 elderly patients with hip fracture repair patients found
that cardiac and pulmonary complications were most frequent
(8% and 4% of patients, respectively) [167].

Well-documented risk factors for pulmonary complications in-
clude atelectasis, pneumonia, and pulmonary thromboembolism,
advanced age, poor general health status, current infections, pre-ex-
isting cardiopulmonary diseases, hypoalbuminemia, and renal dys-
function. Interventions such as lung expansion maneuvers and
thromboprophylaxis are effective in reducing the risk of pulmonary
complications [168]. According to a 2006 systematic review that in-
cluded 20 RCTs and 11 meta-analyses not limited to the elderly pa-
tient, lung expansion therapy (i.e., incentive spirometry, deep
breathing exercises, and continuous positive airway pressure) re-
duces postoperative pulmonary risk after abdominal surgery.
Well-designed trials are needed to clarify the magnitude of benefit
and the comparative effectiveness of different modalities [169].

In a 2019 RCT with 76 elderly patients scheduled for hip joint
surgery investigating whether pressure-controlled ventilation-vol-
ume guaranteed (PCV-VG) may result in better lung ultrasound
score (LUS) by reducing atelectasis in the dependent areas of the
lung and minimizing respiratory deterioration after surgery in el-
derly patients compared with volume-controlled ventilation
(VCV), PCV-VG showed better LUS results as well as higher dy-
namic compliance and lower inspiratory peak pressure compared
to VCV [170].

Prevention of urinary tract infections

In a 2019 retrospective cohort study in which 221 female pa-
tients (age 85.3 + 7.0 years) with a history of hip surgery, urinary
retention occurred in 34 out of the 221 cases (15.4%) and was sig-
nificantly associated with cognitive impairment (OR 4.11, 95% CI
1.53-11.03, P =0.005) and ADL (OR 2.61,95% CI 1.11-6.18,P =
0.029), under adjustment with age and body mass index (BMI).
This study demonstrated that cognitive function and ADL were
important risk factors for urinary retention, and suggested that
the postoperative management of urinary retention is important
when considering neurofunctional assistance and nursing care in
daily living, especially in elderly female patients undergoing sur-
gery after femoral neck and trochanteric fractures [171]. A 2014

clinical study of risk factors for urinary retention including 72 fe-
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male elderly patients undergoing hip surgery showed that the ear-
ly removal of the urethral catheter (per 1-day indwelling period
increase, OR 0.33, 95% CI 0.11-0.96, P = 0.04) and preoperative
dementia and/or delirium (OR 10.4, 95% CI 1.21-89.2, P = 0.03)
had significant correlations with postoperative urinary retention.
Femoral neck fractures and the surgical procedure used for the
hip surgery did not induce damage to the bladder and nerves in-
volved in voiding function, with the voiding function being recov-
ered in all the patients after short-term intermittent catheteriza-
tion [172]. Older adults are at particular risk for urinary tract in-
fection, and indwelling urinary catheters should not be used as a

substitute for adequate nursing care of incontinent patients.

Conclusion

The main aims of effective perioperative care in elderly patients
are to improve the likelihood of them returning to their pre-mor-
bid conditions and maintaining their presence in the community.
The perioperative care of elderly patients requires optimization
through a multidisciplinary approach that includes risk stratifica-
tion models. However, the aforementioned approaches are
time-consuming and remain a challenge in clinical routine be-
cause of limited human resources and lack of funding from
healthcare systems. Moreover, the evidence base to inform
perioperative care for elderly patients remains poor. More RCTs
are needed to clarify the efficacy of GA versus RA for surgery.
There are no clear care bundles and protocols, which improve
POD or POCD. Preventive strategies and early recognition and
management of perioperative risk factors seem to be the best mo-
dality until there is further progress in therapeutic interventions.
Anesthetic techniques to manage appropriate hemodynamic sta-
tus during the perioperative period to avoid ischemic complica-
tions are required. Anesthesiologists must participate in discus-
sions on the utility of surgery and resuscitation and are strongly
encouraged to participate in national surveys and outcomes re-
search. We hope that health care practitioners will use this infor-
mation to improve their daily practice and that additional re-

search will be undertaken to further improve our future.

Conflicts of Interest

No potential conflict of interest relevant to this article was re-
ported.

Author Contributions

Byung-Gun Lim (Conceptualization; Data acquisition and analy-

https://doi.org/10.4097/kja.19391



sis; Investigation; Methodology; Writing—original draft; Writing-
review & editing)

II-Ok Lee (Conceptualization; Data acquisition and analysis; In-
vestigation; Methodology; Supervision; Validation; Writing—origi-
nal draft; Writing- review & editing)

ORCID

Byung-Gun Lim, https://orcid.org/0000-0002-3302-1831
11-Ok Lee, https://orcid.org/0000-0001-8062-1496

References

1. World report on ageing and health [Internet]. Geneva: World
Health Organization; 2005 [cited by 2019 Sep 25]. Available
from https://apps.who.int/iris/handle/10665/186463.

2. Partridge JS, Harari D, Martin FC, Dhesi JK. The impact of
pre-operative comprehensive geriatric assessment on postopera-
tive outcomes in older patients undergoing scheduled surgery: a
systematic review. Anaesthesia 2014; 69 Suppl 1: 8-16.

3. Eamer G, Taheri A, Chen SS, Daviduck Q, Chambers T, Shi X, et
al. Comprehensive geriatric assessment for older people admit-
ted to a surgical service. Cochrane Database Syst Rev 2018; 1:
CD012485.

4. Wozniak SE, Coleman J, Katlic MR. Optimal preoperative evalu-
ation and perioperative care of the geriatric patient: a surgeon's
perspective. Anesthesiol Clin 2015; 33: 481-9.

5. Knittel JG, Wildes TS. Preoperative assessment of geriatric pa-
tients. Anesthesiol Clin 2016; 34: 171-83.

6. Griffiths R, Beech E Brown A, Dhesi J, Foo I, Goodall J, et al.
Peri-operative care of the elderly 2014: Association of Anaesthe-
tists of Great Britain and Ireland. Anaesthesia 2014; 69 Suppl 1:
81-98.

7. Lawton MP, Brody EM. Assessment of older people: self-main-
taining and instrumental activities of daily living. Gerontologist
1969; 9: 179-86.

8. Katz S, Downs TD, Cash HR, Grotz RC. Progress in develop-
ment of the index of ADL. Gerontologist 1970; 10: 20-30.

9. Podsiadlo D, Richardson S. The timed “Up & Go™: a test of basic
functional mobility for frail elderly persons. ] Am Geriatr Soc
1991; 39: 142-8.

10. Panel on Prevention of Falls in Older Persons AGSaBGS. Sum-
mary of the Updated American Geriatrics Society/British Geri-
atrics Society clinical practice guideline for prevention of falls in
older persons. ] Am Geriatr Soc 2011; 59: 148-57.

11. Schmidt M, Eckardt R, Altmeppen S, Wernecke KD, Spies C.

Functional impairment prior to major non-cardiac surgery is as-

https://doi.org/10.4097/kja.19391

Korean J Anesthesiol 2020;73(1):8-29

sociated with mortality within one year in elderly patients with
gastrointestinal, gynaecological and urogenital cancer: a pro-
spective observational cohort study. ] Geriatr Oncol 2018; 9: 53-
9.

12. Fukuse T, Satoda N, Hijiya K, Fujinaga T. Importance of a com-
prehensive geriatric assessment in prediction of complications
following thoracic surgery in elderly patients. Chest 2005; 127:
886-91.

13. Robinson TN, Wallace JI, Wu DS, Wiktor A, Pointer LE Pfister
SM, et al. Accumulated frailty characteristics predict postopera-
tive discharge institutionalization in the geriatric patient. ] Am
Coll Surg 2011; 213: 37-42.

14. Xue DD, Cheng Y, Wu M, Zhang Y. Comprehensive geriatric as-
sessment prediction of postoperative complications in gastroin-
testinal cancer patients: a meta-analysis. Clin Interv Aging 2018;
13:723-36.

15. Lawrence VA, Hazuda HP, Cornell JE, Pederson T, Bradshaw PT,
Mulrow CD, et al. Functional independence after major abdom-
inal surgery in the elderly. ] Am Coll Surg 2004; 199: 762-72.

16. Chu CL, Chiou HY, Chou WH, Chang PY, Huang YY, Yeh HM.
Leading comorbidity associated with 30-day post-anesthetic
mortality in geriatric surgical patients in Taiwan: a retrospective
study from the health insurance data. BMC Geriatr 2017; 17:
245.

17. Chow WB, Rosenthal RA, Merkow RP, Ko CY, Esnaola NF;
American College of Surgeons National Surgical Quality Im-
provement Program, et al. Optimal preoperative assessment of
the geriatric surgical patient: a best practices guideline from the
American College of Surgeons National Surgical Quality Im-
provement Program and the American Geriatrics Society. ] Am
Coll Surg 2012; 215: 453-66.

18. Mohanty S, Rosenthal RA, Russell MM, Neuman MD, Ko CY,
Esnaola NE Optimal perioperative management of the geriatric
patient: a best practices guideline from the American College of
Surgeons NSQIP and the American Geriatrics Society. ] Am
Coll Surg 2016; 222: 930-47.

19. Olotu C, Weimann A, Bahrs C, Schwenk W, Scherer M,
Kiefmann R. The perioperative care of older patients. Dtsch
Arztebl Int 2019; 116: 63-9.

20. Lee HB, Ankrom M, Lyketsos CG. Cognitive disorders: delirium,
mild cognitive impairment, and dementia. In: Psychiatry for Pri-
mary Care Physicians. 2nd ed. Edited by Goldman LS, Wise TN,
Brody DS: Chicago, American Medical Association Press. 2004,
p 197.

21. Brookmeyer R, Evans DA, Hebert L, Langa KM, Heeringa SG,
Plassman BL, et al. National estimates of the prevalence of Alz-

heimer’s disease in the United States. Alzheimers Dement 2011;

21


http://orcid.org/0000-0001-8062-1496
https://doi.org/10.1111/anae.12494
https://doi.org/10.1111/anae.12494
https://doi.org/10.1111/anae.12494
https://doi.org/10.1111/anae.12494
https://doi.org/10.1002/14651858.CD012485.pub2
https://doi.org/10.1002/14651858.CD012485.pub2
https://doi.org/10.1002/14651858.CD012485.pub2
https://doi.org/10.1002/14651858.CD012485.pub2
https://doi.org/10.1016/j.anclin.2015.05.012
https://doi.org/10.1016/j.anclin.2015.05.012
https://doi.org/10.1016/j.anclin.2015.05.012
https://doi.org/10.1016/j.anclin.2015.10.013
https://doi.org/10.1016/j.anclin.2015.10.013
https://www.ncbi.nlm.nih.gov/pubmed/24303864
https://www.ncbi.nlm.nih.gov/pubmed/24303864
https://www.ncbi.nlm.nih.gov/pubmed/24303864
https://www.ncbi.nlm.nih.gov/pubmed/24303864
https://doi.org/10.1097/00006199-197005000-00029
https://doi.org/10.1097/00006199-197005000-00029
https://doi.org/10.1097/00006199-197005000-00029
https://doi.org/10.1093/geront/10.1_Part_1.20
https://doi.org/10.1093/geront/10.1_Part_1.20
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.2010.03234.x
https://doi.org/10.1111/j.1532-5415.2010.03234.x
https://doi.org/10.1111/j.1532-5415.2010.03234.x
https://doi.org/10.1111/j.1532-5415.2010.03234.x
https://doi.org/10.1016/j.jgo.2017.07.011
https://doi.org/10.1016/j.jgo.2017.07.011
https://doi.org/10.1016/j.jgo.2017.07.011
https://doi.org/10.1016/j.jgo.2017.07.011
https://doi.org/10.1378/chest.127.3.886
https://doi.org/10.1378/chest.127.3.886
https://doi.org/10.1378/chest.127.3.886
https://doi.org/10.1378/chest.127.3.886
https://doi.org/10.1016/j.jamcollsurg.2011.01.056
https://doi.org/10.1016/j.jamcollsurg.2011.01.056
https://doi.org/10.1016/j.jamcollsurg.2011.01.056
https://doi.org/10.1016/j.jamcollsurg.2011.01.056
https://doi.org/10.2147/CIA.S155409
https://doi.org/10.2147/CIA.S155409
https://doi.org/10.2147/CIA.S155409
https://doi.org/10.2147/CIA.S155409
https://doi.org/10.1016/j.jamcollsurg.2004.05.280
https://doi.org/10.1016/j.jamcollsurg.2004.05.280
https://doi.org/10.1016/j.jamcollsurg.2004.05.280
https://doi.org/10.1186/s12877-017-0629-7
https://doi.org/10.1186/s12877-017-0629-7
https://doi.org/10.1186/s12877-017-0629-7
https://doi.org/10.1186/s12877-017-0629-7
https://doi.org/10.1097/SA.0b013e31829b805c
https://doi.org/10.1097/SA.0b013e31829b805c
https://doi.org/10.1097/SA.0b013e31829b805c
https://doi.org/10.1097/SA.0b013e31829b805c
https://doi.org/10.1016/j.jamcollsurg.2015.12.026
https://doi.org/10.1016/j.jamcollsurg.2015.12.026
https://doi.org/10.1016/j.jamcollsurg.2015.12.026
https://doi.org/10.1016/j.jamcollsurg.2015.12.026
https://doi.org/10.3238/arztebl.2019.0063
https://doi.org/10.3238/arztebl.2019.0063
https://doi.org/10.3238/arztebl.2019.0063
https://doi.org/10.1016/j.jalz.2010.11.007
https://doi.org/10.1016/j.jalz.2010.11.007
https://doi.org/10.1016/j.jalz.2010.11.007

Lim and Lee - Geriatric anesthesia

7:61-73.

22. Bai ], Zhang P, Liang X, Wu Z, Wang J, Liang Y. Association be-
tween dementia and mortality in the elderly patients undergoing
hip fracture surgery: a meta-analysis. ] Orthop Surg Res 2018;
13:298.

23. Seitz DP, Gill SS, Gruneir A, Austin PC, Anderson GM, Bell CM,
et al. Effects of dementia on postoperative outcomes of older
adults with hip fractures: a population-based study. ] Am Med
Dir Assoc 2014; 15: 334-41.

24. Borson S, Scanlan J, Brush M, Vitaliano P, Dokmak A. The mini-
cog: a cognitive ‘vital signs’ measure for dementia screening in
multi-lingual elderly. Int ] Geriatr Psychiatry 2000; 15: 1021-7.

25. Ansaloni L, Catena F, Chattat R, Fortuna D, Franceschi C, Mas-
citti P, et al. Risk factors and incidence of postoperative delirium
in elderly patients after elective and emergency surgery. Br J Surg
20105 97: 273-80.

26. Rudolph JL, Jones RN, Levkoft SE, Rockett C, Inouye SK, Sellke
FW, et al. Derivation and validation of a preoperative prediction
rule for delirium after cardiac surgery. Circulation 2009; 119:
229-36.

27. Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA,
Beckman JA, Bozkurt B, et al. 2014 ACC/AHA guideline on
perioperative cardiovascular evaluation and management of pa-
tients undergoing noncardiac surgery: a report of the American
College of Cardiology/American Heart Association Task Force
on practice guidelines. ] Am Coll Cardiol 2014; 64: €77-137.

28. Rich MW, Chyun DA, Skolnick AH, Alexander KP, Forman DE,
Kitzman DW; et al. Knowledge gaps in cardiovascular care of the
older adult population: a scientific statement from the American
Heart Association, American College of Cardiology, and Ameri-
can Geriatrics Society. ] Am Coll Cardiol 2016; 67: 2419-40.

29. Liu LL, Dzankic S, Leung JM. Preoperative electrocardiogram
abnormalities do not predict postoperative cardiac complica-
tions in geriatric surgical patients. ] Am Geriatr Soc 2002; 50:
1186-91.

30. Acheampong D, Guerrier S, Lavarias V, Pechman D, Mills C, In-
abnet W, et al. Risk factors contributing to cardiac events follow-
ing general and vascular surgery. Ann Med Surg (Lond) 2018;
33:16-23.

31. Leibowitz D, Abitbol C, Alcalai R, Rivkin G, Kandel L. Perioper-
ative atrial fibrillation is associated with increased one-year mor-
tality in elderly patients after repair of hip fracture. Int ] Cardiol
2017; 227: 58-60.

32. Braghiroli KS, Braz JRC, Rocha B, El Dib R, Corrente JE, Braz
MG, et al. Perioperative and anesthesia-related cardiac arrests in
geriatric patients: a systematic review using meta-regression
analysis. Sci Rep 2017; 7: 2622.

22

33. Nunes JC, Braz JR, Oliveira TS, de Carvalho LR, Castiglia YM,
Braz LG. Intraoperative and anesthesia-related cardiac arrest and
its mortality in older patients: a 15-year survey in a tertiary
teaching hospital. PLoS One 2014; 9: €104041.

34. Smetana GW, Lawrence VA, Cornell JE; American College of
Physicians. Preoperative pulmonary risk stratification for non-
cardiothoracic surgery: systematic review for the American Col-
lege of Physicians. Ann Intern Med 2006; 144: 581-95.

35. Fernandez-Bustamante A, Frendl G, Sprung J, Kor DJ, Subrama-
niam B, Martinez Ruiz R, et al. Postoperative pulmonary com-
plications, early mortality, and hospital stay following noncar-
diothoracic surgery: a multicenter study by the Perioperative Re-
search Network Investigators. JAMA Surg 2017; 152: 157-66.

36. Manku K, Bacchetti P, Leung JM. Prognostic significance of
postoperative in-hospital complications in elderly patients. L.
Long-term survival. Anesth Analg 2003; 96: 583-9.

37. Li C, Friedman B, Conwell Y, Fiscella K. Validity of the Patient
Health Questionnaire 2 (PHQ-2) in identifying major depres-
sion in older people. ] Am Geriatr Soc 2007; 55: 596-602.

38. Steffens DC, Fisher GG, Langa KM, Potter GG, Plassman BL.
Prevalence of depression among older Americans: the Aging,
Demographics and Memory Study. Int Psychogeriatr 2009; 21:
879-88.

39. Drudi LM, Ades M, Turkdogan S, Huynh C, Lauck S, Webb ]G,
et al. Association of depression with mortality in older adults
undergoing transcatheter or surgical aortic valve replacement.
JAMA Cardiol 2018; 3: 191-7.

40. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C,
Gottdiener J, et al. Frailty in older adults: evidence for a pheno-
type. ] Gerontol A Biol Sci Med Sci 2001; 56: M146-56.

41. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K,
Patel P, et al. Frailty as a predictor of surgical outcomes in older
patients. ] Am Coll Surg 2010; 210: 901-8.

42. Khan M, Jehan E Zeeshan M, Kulvatunyou N, Fain M], Saljuqi
AT, et al. Failure to rescue after emergency general surgery in
geriatric patients: does frailty matter? J Surg Res 2019; 233: 397-
402.

43. Kim SW, Han HS, Jung HW, Kim KI, Hwang DW, Kang SB, et al.
Multidimensional frailty score for the prediction of postopera-
tive mortality risk. JAMA Surg 2014; 149: 633-40.

44. Shen Y, Hao Q, Zhou J, Dong B. The impact of frailty and sarco-
penia on postoperative outcomes in older patients undergoing
gastrectomy surgery: a systematic review and meta-analysis.
BMC Geriatr 2017; 17: 188.

45, Watt J, Tricco AC, Talbot-Hamon C, Pham B, Rios P, Grud-
niewicz A, et al. Identifying older adults at risk of harm following

elective surgery: a systematic review and meta-analysis. BMC

https://doi.org/10.4097/kja.19391


https://doi.org/10.1016/j.jalz.2010.11.007
https://doi.org/10.1186/s13018-018-0988-6
https://doi.org/10.1186/s13018-018-0988-6
https://doi.org/10.1186/s13018-018-0988-6
https://doi.org/10.1186/s13018-018-0988-6
https://doi.org/10.1016/j.jamda.2013.12.011
https://doi.org/10.1016/j.jamda.2013.12.011
https://doi.org/10.1016/j.jamda.2013.12.011
https://doi.org/10.1016/j.jamda.2013.12.011
https://doi.org/10.1002/1099-1166(200011)15:11<1021::AID-GPS234>3.0.CO;2-6
https://doi.org/10.1002/1099-1166(200011)15:11<1021::AID-GPS234>3.0.CO;2-6
https://doi.org/10.1002/1099-1166(200011)15:11<1021::AID-GPS234>3.0.CO;2-6
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1161/CIRCULATIONAHA.108.795260
https://doi.org/10.1161/CIRCULATIONAHA.108.795260
https://doi.org/10.1161/CIRCULATIONAHA.108.795260
https://doi.org/10.1161/CIRCULATIONAHA.108.795260
https://doi.org/10.1016/j.jacc.2014.07.944
https://doi.org/10.1016/j.jacc.2014.07.944
https://doi.org/10.1016/j.jacc.2014.07.944
https://doi.org/10.1016/j.jacc.2014.07.944
https://doi.org/10.1161/CIR.0000000000000380
https://doi.org/10.1161/CIR.0000000000000380
https://doi.org/10.1161/CIR.0000000000000380
https://doi.org/10.1161/CIR.0000000000000380
https://doi.org/10.1046/j.1532-5415.2002.t01-1-50303.x
https://doi.org/10.1046/j.1532-5415.2002.t01-1-50303.x
https://doi.org/10.1046/j.1532-5415.2002.t01-1-50303.x
https://doi.org/10.1046/j.1532-5415.2002.t01-1-50303.x
https://doi.org/10.1016/j.amsu.2018.08.001
https://doi.org/10.1016/j.amsu.2018.08.001
https://doi.org/10.1016/j.amsu.2018.08.001
https://doi.org/10.1016/j.amsu.2018.08.001
https://doi.org/10.1016/j.ijcard.2016.11.067
https://doi.org/10.1016/j.ijcard.2016.11.067
https://doi.org/10.1016/j.ijcard.2016.11.067
https://doi.org/10.1016/j.ijcard.2016.11.067
https://doi.org/10.1038/s41598-017-02745-6
https://doi.org/10.1038/s41598-017-02745-6
https://doi.org/10.1038/s41598-017-02745-6
https://doi.org/10.1038/s41598-017-02745-6
https://doi.org/10.1371/journal.pone.0104041
https://doi.org/10.1371/journal.pone.0104041
https://doi.org/10.1371/journal.pone.0104041
https://doi.org/10.1371/journal.pone.0104041
https://doi.org/10.7326/0003-4819-144-8-200604180-00009
https://doi.org/10.7326/0003-4819-144-8-200604180-00009
https://doi.org/10.7326/0003-4819-144-8-200604180-00009
https://doi.org/10.7326/0003-4819-144-8-200604180-00009
https://doi.org/10.1001/jamasurg.2016.4065
https://doi.org/10.1001/jamasurg.2016.4065
https://doi.org/10.1001/jamasurg.2016.4065
https://doi.org/10.1001/jamasurg.2016.4065
https://www.ncbi.nlm.nih.gov/pubmed/12538216
https://www.ncbi.nlm.nih.gov/pubmed/12538216
https://www.ncbi.nlm.nih.gov/pubmed/12538216
https://doi.org/10.1111/j.1532-5415.2007.01103.x
https://doi.org/10.1111/j.1532-5415.2007.01103.x
https://doi.org/10.1111/j.1532-5415.2007.01103.x
https://doi.org/10.1017/S1041610209990044
https://doi.org/10.1017/S1041610209990044
https://doi.org/10.1017/S1041610209990044
https://doi.org/10.1017/S1041610209990044
https://doi.org/10.1001/jamacardio.2017.5064
https://doi.org/10.1001/jamacardio.2017.5064
https://doi.org/10.1001/jamacardio.2017.5064
https://doi.org/10.1001/jamacardio.2017.5064
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/j.jamcollsurg.2010.01.028
https://doi.org/10.1016/j.jamcollsurg.2010.01.028
https://doi.org/10.1016/j.jamcollsurg.2010.01.028
https://doi.org/10.1016/j.jss.2018.08.033
https://doi.org/10.1016/j.jss.2018.08.033
https://doi.org/10.1016/j.jss.2018.08.033
https://doi.org/10.1016/j.jss.2018.08.033
https://doi.org/10.1001/jamasurg.2014.241
https://doi.org/10.1001/jamasurg.2014.241
https://doi.org/10.1001/jamasurg.2014.241
https://doi.org/10.1186/s12877-017-0569-2
https://doi.org/10.1186/s12877-017-0569-2
https://doi.org/10.1186/s12877-017-0569-2
https://doi.org/10.1186/s12877-017-0569-2
https://doi.org/10.1186/s12916-017-0986-2
https://doi.org/10.1186/s12916-017-0986-2
https://doi.org/10.1186/s12916-017-0986-2

Med 2018; 16: 2.

46. Ko FC. Preoperative frailty evaluation: a promising risk-stratifi-
cation tool in older adults undergoing general surgery. Clin Ther
2019; 41: 387-99.

47. Liu M, Yang J, Yu X, Huang X, Vaidya S, Huang E et al. The role
of perioperative oral nutritional supplementation in elderly pa-
tients after hip surgery. Clin Interv Aging 2015; 10: 849-58.

48. Van Stijn ME Bruins AA, Vermeulen MA, Witlox J, Teerlink T,
Schoorl MG, et al. Effect of oral taurine on morbidity and mor-
tality in elderly hip fracture patients: a randomized trial. Int J
Mol Sci 2015; 16: 12288-306.

49. Avenell A, Smith TO, Curtain JP, Mak JC, Myint PK. Nutritional
supplementation for hip fracture aftercare in older people. Co-
chrane Database Syst Rev 2016; 11: CD001880.

50. Yeniay O, Tekgul ZT, Okur O, Koroglu N. Unexpectedly pro-
longed fasting and its consequences on elderly patients undergo-
ing spinal anesthetics. A prospective observational study. Acta
Cir Bras 2019; 34: €201900309.

51. Barnett SR. Polypharmacy and perioperative medications in the
elderly. Anesthesiol Clin 2009; 27: 377-89.

52. Harstedt M, Rogmark C, Sutton R, Melander O, Fedorowski A.
Polypharmacy and adverse outcomes after hip fracture surgery.
Orthop Surg Res 2016; 11: 151.

53. The 2019 American Geriatrics Society Beers Criteria® Update
Expert Panel. American Geriatrics Society 2019 Updated AGS
Beers Criteria(R) for Potentially Inappropriate Medication Use
in Older Adults. ] Am Geriatr Soc 2019; 67: 674-94.

54. Clegg A, Young JB. Which medications to avoid in people at risk
of delirium: a systematic review. Age Ageing 2011; 40: 23-9.

55. Fong HK, Sands LP, Leung JM. The role of postoperative analge-
sia in delirium and cognitive decline in elderly patients: a sys-
tematic review. Anesth Analg 2006; 102: 1255-66.

56. Swart LM, van der Zanden V, Spies PE, de Rooij SE, van Munster
BC. The comparative risk of delirium with different opioids: a
systematic review. Drugs Aging 2017; 34: 437-43.

57. Flinn DR, Diehl KM, Seyfried LS, Malani PN. Prevention, diag-
nosis, and management of postoperative delirium in older
adults. ] Am Coll Surg 2009; 209: 261-8.

58. Woolger JM. Preoperative testing and medication management.
Clin Geriatr Med 2008; 24: 573-83.

59. Fleischmann KE, Beckman JA, Buller CE, Calkins H, Fleisher
LA, Freeman WK, et al. 2009 ACCF/AHA focused update on
perioperative beta blockade: a report of the American College of
Cardiology Foundation/American Heart Association task force
on practice guidelines. Circulation 2009; 120: 2123-51.

60. Biccard BM, Sear JW, Foéx P. Statin therapy: a potentially useful

peri-operative intervention in patients with cardiovascular dis-

https://doi.org/10.4097/kja.19391

Korean J Anesthesiol 2020;73(1):8-29

ease. Anaesthesia 2005; 60: 1106-14.

61. Seitz DP, Gill SS, Gruneir A, Austin PC, Anderson G, Reimer CL,
et al. Effects of cholinesterase inhibitors on postoperative out-
comes of older adults with dementia undergoing hip fracture
surgery. Am ] Geriatr Psychiatry 2011; 19: 803-13.

62. White SM, Foss NB, Griffiths R. Anaesthetic aspects in the treat-
ment of fragility fracture patients. Injury 2018; 49: 1403-8.

63. Madsen CM, Jantzen C, Lauritzen JB, Abrahamsen B, Jorgensen
HL. Temporal trends in the use of antithrombotics at admission.
Acta Orthop 2016; 87: 368-73.

64. Douketis JD, Spyropoulos AC, Kaatz S, Becker RC, Caprini JA,
Dunn AS, et al. Perioperative bridging anticoagulation in pa-
tients with atrial fibrillation. N Engl ] Med 2015; 373: 823-33.

65. van Tuil T, Dhaif AA, Te Riele WW, van Ramshorst B, van Sant-
voort HC. Systematic review and meta-analysis of liver resection
for colorectal metastases in elderly patients. Dig Surg 2019; 36:
111-23.

66. Chen K, Pan Y, Maher H, Zhang B, Zheng XY. Laparoscopic
hepatectomy for elderly patients: Major findings based on a sys-
tematic review and meta-analysis. Medicine (Baltimore) 2018;
97:e11703.

67. Martinez-Cecilia D, Cipriani F, Vishal S, Ratti E Tranchart H,
Barkhatov L, et al. Laparoscopic versus open liver resection for
colorectal metastases in elderly and octogenarian patients: a
multicenter propensity score based analysis of short-and long-
term outcomes. Ann Surg 2017; 265: 1192-200.

68. Egawa N, Nakamura J, Manabe T, Iwasaki H, Noshiro H. Inci-
dence of postoperative complications in transabdominal
preperitoneal repair for groin hernia is influenced by poor per-
formance status rather than by old age. Ann Gastroenterol Surg
2019; 3: 318-24.

69. Pan Y, Chen K, Yu WH, Maher H, Wang SH, Zhao HF, et al.
Laparoscopic gastrectomy for elderly patients with gastric can-
cer: A systematic review with meta-analysis. Medicine (Balti-
more) 2018; 97: e0007.

70. Kim SY, Weinberg L, Christophi C, Nikfarjam M. The outcomes
of pancreaticoduodenectomy in patients aged 80 or older: a sys-
tematic review and meta-analysis. HPB (Oxford) 2017; 19: 475-
82.

71. Kim SY, Fink MA, Perini M, Houli N, Weinberg L, Muralidharan
V; et al. Age 80 years and over is not associated with increased
morbidity and mortality following pancreaticoduodenectomy.
ANZ ] Surg 2018; 88: e445-50.

72. Luger TJ, Kammerlander C, Gosch M, Luger MF, Kammerland-
er-Knauer U, Roth T, et al. Neuroaxial versus general anaesthesia
in geriatric patients for hip fracture surgery: does it matter? Os-
teoporos Int 2010; 21: S555-72.

23


https://doi.org/10.1186/s12916-017-0986-2
https://doi.org/10.1016/j.clinthera.2019.01.014
https://doi.org/10.1016/j.clinthera.2019.01.014
https://doi.org/10.1016/j.clinthera.2019.01.014
https://www.ncbi.nlm.nih.gov/pubmed/26005339
https://www.ncbi.nlm.nih.gov/pubmed/26005339
https://www.ncbi.nlm.nih.gov/pubmed/26005339
https://doi.org/10.3390/ijms160612288
https://doi.org/10.3390/ijms160612288
https://doi.org/10.3390/ijms160612288
https://doi.org/10.3390/ijms160612288
https://www.ncbi.nlm.nih.gov/pubmed/27898998
https://www.ncbi.nlm.nih.gov/pubmed/27898998
https://www.ncbi.nlm.nih.gov/pubmed/27898998
http://dx.doi.org/10.1590/s0102-865020190030000009
http://dx.doi.org/10.1590/s0102-865020190030000009
http://dx.doi.org/10.1590/s0102-865020190030000009
http://dx.doi.org/10.1590/s0102-865020190030000009
https://doi.org/10.1016/j.anclin.2009.07.004
https://doi.org/10.1016/j.anclin.2009.07.004
https://doi.org/10.1186/s13018-016-0486-7
https://doi.org/10.1186/s13018-016-0486-7
https://doi.org/10.1186/s13018-016-0486-7
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1093/ageing/afq140
https://doi.org/10.1093/ageing/afq140
https://doi.org/10.1213/01.ane.0000198602.29716.53
https://doi.org/10.1213/01.ane.0000198602.29716.53
https://doi.org/10.1213/01.ane.0000198602.29716.53
https://doi.org/10.1007/s40266-017-0455-9
https://doi.org/10.1007/s40266-017-0455-9
https://doi.org/10.1007/s40266-017-0455-9
https://doi.org/10.1016/j.jamcollsurg.2009.03.008
https://doi.org/10.1016/j.jamcollsurg.2009.03.008
https://doi.org/10.1016/j.jamcollsurg.2009.03.008
https://doi.org/10.1016/j.cger.2008.07.001
https://doi.org/10.1016/j.cger.2008.07.001
https://doi.org/10.1161/CIRCULATIONAHA.109.192689
https://doi.org/10.1161/CIRCULATIONAHA.109.192689
https://doi.org/10.1161/CIRCULATIONAHA.109.192689
https://doi.org/10.1161/CIRCULATIONAHA.109.192689
https://doi.org/10.1111/j.1365-2044.2005.04405.x
https://doi.org/10.1111/j.1365-2044.2005.04405.x
https://doi.org/10.1111/j.1365-2044.2005.04405.x
https://doi.org/10.1097/JGP.0b013e3181ff67a1
https://doi.org/10.1097/JGP.0b013e3181ff67a1
https://doi.org/10.1097/JGP.0b013e3181ff67a1
https://doi.org/10.1097/JGP.0b013e3181ff67a1
https://doi.org/10.1016/j.injury.2018.06.027
https://doi.org/10.1016/j.injury.2018.06.027
https://doi.org/10.1080/17453674.2016.1195662
https://doi.org/10.1080/17453674.2016.1195662
https://doi.org/10.1080/17453674.2016.1195662
https://doi.org/10.1056/NEJMoa1501035
https://doi.org/10.1056/NEJMoa1501035
https://doi.org/10.1056/NEJMoa1501035
https://doi.org/10.1159/000487274
https://doi.org/10.1159/000487274
https://doi.org/10.1159/000487274
https://doi.org/10.1159/000487274
http://dx.doi.org/10.1097/MD.0000000000011703
http://dx.doi.org/10.1097/MD.0000000000011703
http://dx.doi.org/10.1097/MD.0000000000011703
http://dx.doi.org/10.1097/MD.0000000000011703
https://doi.org/10.1097/SLA.0000000000002147
https://doi.org/10.1097/SLA.0000000000002147
https://doi.org/10.1097/SLA.0000000000002147
https://doi.org/10.1097/SLA.0000000000002147
https://doi.org/10.1002/ags3.12247
https://doi.org/10.1002/ags3.12247
https://doi.org/10.1002/ags3.12247
https://doi.org/10.1002/ags3.12247
http://dx.doi.org/10.1097/MD.0000000000010007
http://dx.doi.org/10.1097/MD.0000000000010007
http://dx.doi.org/10.1097/MD.0000000000010007
http://dx.doi.org/10.1097/MD.0000000000010007
https://doi.org/10.1016/j.hpb.2017.01.018
https://doi.org/10.1016/j.hpb.2017.01.018
https://doi.org/10.1016/j.hpb.2017.01.018
https://doi.org/10.1016/j.hpb.2017.01.018
https://doi.org/10.1111/ans.14039
https://doi.org/10.1111/ans.14039
https://doi.org/10.1111/ans.14039
https://doi.org/10.1111/ans.14039
https://doi.org/10.1007/s00198-010-1399-7
https://doi.org/10.1007/s00198-010-1399-7
https://doi.org/10.1007/s00198-010-1399-7
https://doi.org/10.1007/s00198-010-1399-7

Lim and Lee - Geriatric anesthesia

73. Le-Wendling L, Bihorac A, Baslanti TO, Lucas S, Sadasivan K,
Wendling A, et al. Regional anesthesia as compared with general
anesthesia for surgery in geriatric patients with hip fracture: does
it decrease morbidity, mortality, and health care costs? Results of
a single-centered study. Pain Med 2012; 13: 948-56.

74. Luger TJ, Kammerlander C, Luger ME Kammerlander-Knauer
U, Gosch M. Mode of anesthesia, mortality and outcome in geri-
atric patients. Z Gerontol Geriatr 2014; 47: 110-24.

75. Seitz DP, Gill SS, Bell CM, Austin PC, Gruneir A, Anderson GM,
et al. Postoperative medical complications associated with anes-
thesia in older adults with dementia. ] Am Geriatr Soc 2014; 62:
2102-9.

76. Moreira CC, Farber A, Kalish JA, Eslami MH, Didato S, Rybin D,
et al. The effect of anesthesia type on major lower extremity am-
putation in functionally impaired elderly patients. ] Vasc Surg
2016; 63: 696-701.

77. Ornek D, Metin S, Deren S, Un C, Metin M, Dikmen B, et al.
The influence of various anesthesia techniques on postoperative
recovery and discharge criteria among geriatric patients. Clinics
(Sao Paulo) 2010; 65: 941-6.

78. Neuman MD, Rosenbaum PR, Ludwig JM, Zubizarreta JR, Silber
JH. Anesthesia technique, mortality, and length of stay after hip
fracture surgery. JAMA 2014; 311: 2508-17.

79. Desai V, Chan PH, Prentice HA, Zohman GL, Diekmann GR,
Maletis GB, et al. Is anesthesia technique associated with a high-
er risk of mortality or complications within 90 days of surgery
for geriatric patients with hip fractures? Clin Orthop Relat Res
2018;476:1178-88.

80. Li Z, Long H, Huang E Zhang Y, Xu J, Wang X. Impact of epidur-
al versus general anesthesia on major lumbar surgery in elderly
patients. Clin Spine Surg 2019; 32: E7-12.

81. Urwin SC, Parker MJ, Griffiths R. General versus regional anaes-
thesia for hip fracture surgery: a meta-analysis of randomized
trials. Br J Anaesth 2000; 84: 450-5.

82. Nordquist D, Halaszynski TM. Perioperative multimodal anes-
thesia using regional techniques in the aging surgical patient.
Pain Res Treat 2014; 2014: 902174.

83. Neuman MD, Ellenberg SS, Sieber FE, Magaziner JS, Feng R,
Carson JL, et al. Regional versus General Anesthesia for Promot-
ing Independence after Hip Fracture (REGAIN): protocol for a
pragmatic, international multicentre trial. BMJ Open 2016; 6:
€013473.

84. Li T, Yeung J, Li J, Zhang Y, Melody T, Gao Y, et al. Comparison
of regional with general anaesthesia on postoperative delirium
(RAGA-delirium) in the older patients undergoing hip fracture
surgery: study protocol for a multicentre randomised controlled
trial. BMJ Open 2017; 7: e016937.

24

85.

Kowark A, Adam C, Ahrens J, Bajbouj M, Bollheimer C,
Borowski M, et al. Improve hip fracture outcome in the elderly
patient (iHOPE): a study protocol for a pragmatic, multicentre
randomised controlled trial to test the efficacy of spinal versus
general anaesthesia. BMJ Open 2018; 8: €023609.

86. White SM, Altermatt E Barry J, Ben-David B, Coburn M, Colu-

zzi F, et al. International Fragility Fracture Network Delphi con-
sensus statement on the principles of anaesthesia for patients
with hip fracture. Anaesthesia 2018; 73: 863-74.

87. Zhang Y, Shan GJ, Zhang YX, Cao SJ, Zhu SN, Li HJ, et al. Propo-

fol compared with sevoflurane general anaesthesia is associated
with decreased delayed neurocognitive recovery in older adults.
Br ] Anaesth 2018; 121: 595-604.

88. Miller D, Lewis SR, Pritchard MW, Schofield-Robinson OJ, Shel-

89.

90.

9L

92.

93.

94.

ton CL, Alderson P, et al. Intravenous versus inhalational main-
tenance of anaesthesia for postoperative cognitive outcomes in
elderly people undergoing non-cardiac surgery. Cochrane Data-
base Syst Rev 2018; 8: CD012317.

Minville V, Fourcade O, Grousset D, Chassery C, Nguyen L,
Asehnoune K, et al. Spinal anesthesia using single injection
small-dose bupivacaine versus continuous catheter injection
techniques for surgical repair of hip fracture in elderly patients.
Anesth Analg 2006; 102: 1559-63.

Hothuizen C, Lemson J, Snoeck M, Scheffer GJ. Spinal anesthe-
sia-induced hypotension is caused by a decrease in stroke vol-
ume in elderly patients. Local Reg Anesth 2019; 12: 19-26.
Aksoy M, Dostbil A, Ince I, Ahiskalioglu A, Alici HA, Aydin A,
et al. Continuous spinal anaesthesia versus ultrasound-guided
combined psoas compartment-sciatic nerve block for hip re-
placement surgery in elderly high-risk patients: a prospective
randomised study. BMC Anesthesiol 2014; 14: 99.

Ersoy A, Kara D, Ervatan Z, Gakirgéz M, Kiran O. Sedation in
hypoalbuminemic geriatric patients under spinal anesthesia in
hip surgery. Midazolam or Propofol? Saudi Med ] 2015; 36:
1191-8.

Kruijt Spanjer MR, Bakker NA, Absalom AR. Pharmacology in
the elderly and newer anaesthesia drugs. Best Pract Res Clin An-
aesthesiol 2011; 25: 355-65.

Steinmetz ], Rasmussen LS. The elderly and general anesthesia.
Minerva Anestesiol 2010; 76: 745-52.

95. Janssen TL, Alberts AR, Hooft L, Mattace-Raso E Mosk CA, van

der Laan L. Prevention of postoperative delirium in elderly pa-
tients planned for elective surgery: systematic review and me-
ta-analysis. Clin Interv Aging 2019; 14: 1095-117.

96. Koch S, Spies C. Neuromonitoring in the elderly. Curr Opin An-

97.

aesthesiol 2019; 32: 101-7.

Strom C, Rasmussen LS, Steinmetz J. Practical management of

https://doi.org/10.4097/kja.19391


https://doi.org/10.1111/j.1526-4637.2012.01402.x
https://doi.org/10.1111/j.1526-4637.2012.01402.x
https://doi.org/10.1111/j.1526-4637.2012.01402.x
https://doi.org/10.1111/j.1526-4637.2012.01402.x
https://doi.org/10.1007/s00391-014-0611-3
https://doi.org/10.1007/s00391-014-0611-3
https://doi.org/10.1007/s00391-014-0611-3
https://doi.org/10.1111/jgs.13106
https://doi.org/10.1111/jgs.13106
https://doi.org/10.1111/jgs.13106
https://doi.org/10.1111/jgs.13106
https://doi.org/10.1016/j.jvs.2015.09.050
https://doi.org/10.1016/j.jvs.2015.09.050
https://doi.org/10.1016/j.jvs.2015.09.050
https://doi.org/10.1016/j.jvs.2015.09.050
https://doi.org/10.1590/S1807-59322010001000003
https://doi.org/10.1590/S1807-59322010001000003
https://doi.org/10.1590/S1807-59322010001000003
https://doi.org/10.1590/S1807-59322010001000003
https://doi.org/10.1001/jama.2014.6499
https://doi.org/10.1001/jama.2014.6499
https://doi.org/10.1001/jama.2014.6499
https://doi.org/10.1007/s11999.0000000000000147
https://doi.org/10.1007/s11999.0000000000000147
https://doi.org/10.1007/s11999.0000000000000147
https://doi.org/10.1007/s11999.0000000000000147
http://dx.doi.org/10.1097/BSD.0000000000000708
http://dx.doi.org/10.1097/BSD.0000000000000708
http://dx.doi.org/10.1097/BSD.0000000000000708
https://doi.org/10.1093/oxfordjournals.bja.a013468
https://doi.org/10.1093/oxfordjournals.bja.a013468
https://doi.org/10.1093/oxfordjournals.bja.a013468
https://doi.org/10.1155/2014/902174
https://doi.org/10.1155/2014/902174
https://doi.org/10.1155/2014/902174
http://dx.doi.org/10.1136/bmjopen-2016-013473
http://dx.doi.org/10.1136/bmjopen-2016-013473
http://dx.doi.org/10.1136/bmjopen-2016-013473
http://dx.doi.org/10.1136/bmjopen-2016-013473
http://dx.doi.org/10.1136/bmjopen-2016-013473
http://dx.doi.org/10.1136/bmjopen-2017-016937
http://dx.doi.org/10.1136/bmjopen-2017-016937
http://dx.doi.org/10.1136/bmjopen-2017-016937
http://dx.doi.org/10.1136/bmjopen-2017-016937
http://dx.doi.org/10.1136/bmjopen-2017-016937
http://dx.doi.org/10.1136/bmjopen-2018-023609
http://dx.doi.org/10.1136/bmjopen-2018-023609
http://dx.doi.org/10.1136/bmjopen-2018-023609
http://dx.doi.org/10.1136/bmjopen-2018-023609
http://dx.doi.org/10.1136/bmjopen-2018-023609
https://doi.org/10.1111/anae.14225
https://doi.org/10.1111/anae.14225
https://doi.org/10.1111/anae.14225
https://doi.org/10.1111/anae.14225
https://doi.org/10.1016/j.bja.2018.05.059
https://doi.org/10.1016/j.bja.2018.05.059
https://doi.org/10.1016/j.bja.2018.05.059
https://doi.org/10.1016/j.bja.2018.05.059
https://doi.org/10.1002/14651858.CD012317.pub2
https://doi.org/10.1002/14651858.CD012317.pub2
https://doi.org/10.1002/14651858.CD012317.pub2
https://doi.org/10.1002/14651858.CD012317.pub2
https://doi.org/10.1213/01.ane.0000218421.18723.cf
https://doi.org/10.1213/01.ane.0000218421.18723.cf
https://doi.org/10.1213/01.ane.0000218421.18723.cf
https://doi.org/10.1213/01.ane.0000218421.18723.cf
https://doi.org/10.2147/LRA.S193925
https://doi.org/10.2147/LRA.S193925
https://doi.org/10.1186/1471-2253-14-99
https://doi.org/10.1186/1471-2253-14-99
https://doi.org/10.1186/1471-2253-14-99
https://doi.org/10.1186/1471-2253-14-99
https://doi.org/10.15537/smj.2015.10.12403
https://doi.org/10.1016/j.bpa.2011.06.002
https://doi.org/10.1016/j.bpa.2011.06.002
https://doi.org/10.1016/j.bpa.2011.06.002
https://www.ncbi.nlm.nih.gov/pubmed/20820153
https://www.ncbi.nlm.nih.gov/pubmed/20820153
https://doi.org/10.2147/CIA.S201323
https://doi.org/10.2147/CIA.S201323
https://doi.org/10.2147/CIA.S201323
https://doi.org/10.2147/CIA.S201323
https://doi.org/10.1097/ACO.0000000000000677
https://doi.org/10.1097/ACO.0000000000000677
https://doi.org/10.1007/s40266-016-0413-y

anaesthesia in the elderly. Drugs Aging 2016; 33: 765-77.

98. Lee LA, Athanassoglou V; Pandit JJ. Neuromuscular blockade in
the elderly patient. ] Pain Res 2016; 9: 437-44.

99. Ruzman T, Mraovi¢ B, Simurina T, Gulam D, Ruzman N,
Miskulin M. Transcranial cerebral oxymetric monitoring reduc-
es brain hypoxia in obese and elderly patients undergoing gener-
al anesthesia for laparoscopic cholecystectomy. Surg Laparosc
Endosc Percutan Tech 2017; 27: 248-52.

100. Ballard C, Jones E, Gauge N, Aarsland D, Nilsen OB, Saxby BK,
et al. Optimised anaesthesia to reduce post operative cognitive
decline (POCD) in older patients undergoing elective surgery, a
randomised controlled trial. PLoS One 2012; 7: €37410.

101. Pietraszewski P, Gaszynski T. Residual neuromuscular block in
elderly patients after surgical procedures under general anaes-
thesia with rocuronium. Anaesthesiol Intensive Ther 2013; 45:
77-81.

102. Moppett IK, Rowlands M, Mannings A, Moran CG, Wiles MD,
NOTTS Investigators. LIDCO-based fluid management in pa-
tients undergoing hip fracture surgery under spinal anaesthesia:
A randomized trial and systematic review. Br ] Anaesth 2015;
114: 444-59.

103. Pearse RM, Harrison DA, MacDonald N, Gillies MA, Blunt M,
Ackland G, et al. Effect of a perioperative, cardiac output-guid-
ed hemodynamic therapy algorithm on outcomes following
major gastrointestinal surgery: a randomized clinical trial and
systematic review. JAMA 2014; 311: 2181-90.

104. Gurgel ST, do Nascimento P. Maintaining tissue perfusion in
high-risk surgical patients: a systematic review of randomized
clinical trials. Anesth Analg 2011; 112: 1384-91.

105. Hamilton MA, Cecconi M, Rhodes A. A systematic review and
meta-analysis on the use of preemptive hemodynamic inter-
vention to improve postoperative outcomes in moderate and
high-risk surgical patients. Anesth Analg 2011; 112: 1392-402.

106. Bartha E, Arfwedson C, Imnell A, Fernlund ME, Andersson
LE, Kalman S. Randomized controlled trial of goal-directed
haemodynamic treatment in patients with proximal femoral
fracture. Br ] Anaesth 2013; 110: 545-53.

107. Bartha E, Arfwedson C, Imnell A, Kalman S. Towards individu-
alized perioperative, goal-directed haemodynamic algorithms
for patients of advanced age: observations during a randomized
controlled trial (NCT01141894). Br ] Anaesth 2016; 116: 486-
92.

108. Molliex S, Passot S, Futier E, Bonnefoi M, Rancon F, Lemanach
Y, et al. Stepped wedge cluster randomised controlled trial to as-
sess the effectiveness of an optimisation strategy for general an-
aesthesia on postoperative morbidity and mortality in elderly
patients (the OPTI-AGED study): A study protocol. BMJ Open

https://doi.org/10.4097/kja.19391

Korean J Anesthesiol 2020;73(1):8-29

2018; 8: €021053.

109. Molliex S, Passot S, Morel J, Futier E, Lefrant JY, Constantin JM,
etal. A multicentre observational study on management of gen-
eral anaesthesia in elderly patients at high-risk of postoperative
adverse outcomes. Anaesth Crit Care Pain Med 2019; 38: 15-23.

110. Gregersen M, Damsgaard EM, Borris LC. Blood transfusion
and risk of infection in frail elderly after hip fracture surgery:
the TRIFE randomized controlled trial. Eur ] Orthop Surg
Traumatol 2015; 25: 1031-8.

111. Brunskill SJ, Millette SL, Shokoohi A, Pulford EC, Doree C,
Murphy ME et al. Red blood cell transfusion for people under-
going hip fracture surgery. Cochrane Database Syst Rev 2015; 4:
CD009699.

112. Nakamura RE, Vincent JL, Fukushima JT, de Almeida JP, Fran-
co RA, Lee Park C, et al. A liberal strategy of red blood cell
transfusion reduces cardiogenic shock in elderly patients un-
dergoing cardiac surgery. ] Thorac Cardiovasc Surg 2015; 150:
1314-20.

113. Meybohm P, Lindau S, Treskatsch S, Francis R, Spies C, Velten
M, et al. Liberal transfusion strategy to prevent mortality and
anaemia-associated, ischaemic events in elderly non-cardiac
surgical patients - the study design of the LIBERAL-Trial. Trials
2019; 20: 101.

114. Xu L, Shen J, Sun J, McQuillan PM, Hu Z. The effects of leuko-
cyte filtration on cell salvaged autologous blood transfusion on
lung function and lung inflammatory and oxidative stress reac-
tions in elderly patients undergoing lumbar spinal surgery. J
Neurosurg Anesthesiol 2019; 31: 36-42.

115. Griffiths SV, Conway DH, POPC-CB Investigators, Sander M,
Jammer I, Grocott MPW, et al. What are the optimum compo-
nents in a care bundle aimed at reducing post-operative pulmo-
nary complications in high-risk patients? Perioper Med (Lond)
2018;7: 7.

116. Jo YY, Chang Y], Kim YB, Lee S, Kwak H]J. Effect of preopera-
tive forced-air warming on hypothermia in elderly patients un-
dergoing transurethral resection of the prostate. Urol J 2015; 12:
2366-70.

117. Hong S, Yoo BH, Kim KM, Kim MC, Yon JH, Lee S. The effica-
cy of warming blanket on reducing intraoperative hypothermia
in patients undergoing transurethral resection of bladder tumor
under general anesthesia. Anesth Pain Med 2016; 11: 404-9.

118. Seo H, Kim K, Oh EA, Moon Y], Kim YK, Hwang JH. Effect of
electrically heated humidifier on intraoperative core body tem-
perature decrease in elderly patients: a prospective observation-
al study. Anesth Pain Med 2016; 11: 211-6.

119. Chun EH, Lee GY, Kim CH. Postoperative hypothermia in

geriatric patients undergoing arthroscopic shoulder surgery.

25


https://www.ncbi.nlm.nih.gov/pubmed/27382330
https://www.ncbi.nlm.nih.gov/pubmed/27382330
https://doi.org/10.1097/SLE.0000000000000444
https://doi.org/10.1097/SLE.0000000000000444
https://doi.org/10.1371/journal.pone.0037410
http://dx.doi.org/10.1371/journal.pone.0037410
http://dx.doi.org/10.1371/journal.pone.0037410
http://dx.doi.org/10.1371/journal.pone.0037410
http://dx.doi.org/10.1371/journal.pone.0037410
https://doi.org/10.5603/AIT.2013.0017
https://doi.org/10.5603/AIT.2013.0017
https://doi.org/10.5603/AIT.2013.0017
https://doi.org/10.5603/AIT.2013.0017
https://doi.org/10.1093/bja/aeu386
https://doi.org/10.1093/bja/aeu386
https://doi.org/10.1093/bja/aeu386
https://doi.org/10.1093/bja/aeu386
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1213/ANE.0b013e3182055384
https://doi.org/10.1213/ANE.0b013e3182055384
https://doi.org/10.1213/ANE.0b013e3182055384
https://doi.org/10.1213/ANE.0b013e3181eeaae5
https://doi.org/10.1213/ANE.0b013e3181eeaae5
https://doi.org/10.1213/ANE.0b013e3181eeaae5
https://doi.org/10.1213/ANE.0b013e3181eeaae5
https://doi.org/10.1093/bja/aes468
https://doi.org/10.1093/bja/aes468
https://doi.org/10.1093/bja/aes468
https://doi.org/10.1093/bja/aes468
https://doi.org/10.1093/bja/aew025
https://doi.org/10.1093/bja/aew025
https://doi.org/10.1093/bja/aew025
https://doi.org/10.1093/bja/aew025
https://www.ncbi.nlm.nih.gov/pubmed/29921685
http://www.ncbi.nlm.nih.gov/pubmed/29921685
http://www.ncbi.nlm.nih.gov/pubmed/29921685
http://www.ncbi.nlm.nih.gov/pubmed/29921685
http://www.ncbi.nlm.nih.gov/pubmed/29921685
http://www.ncbi.nlm.nih.gov/pubmed/29921685
http://www.ncbi.nlm.nih.gov/pubmed/29921685
https://doi.org/10.1016/j.accpm.2018.05.012
https://doi.org/10.1016/j.accpm.2018.05.012
https://doi.org/10.1016/j.accpm.2018.05.012
https://doi.org/10.1016/j.accpm.2018.05.012
https://doi.org/10.1007/s00590-015-1609-2
https://doi.org/10.1007/s00590-015-1609-2
https://doi.org/10.1007/s00590-015-1609-2
https://doi.org/10.1007/s00590-015-1609-2
https://doi.org/10.1002/14651858.CD009699.pub2
https://doi.org/10.1002/14651858.CD009699.pub2
https://doi.org/10.1002/14651858.CD009699.pub2
https://doi.org/10.1002/14651858.CD009699.pub2
https://doi.org/10.1016/j.jtcvs.2015.07.051
https://doi.org/10.1016/j.jtcvs.2015.07.051
https://doi.org/10.1016/j.jtcvs.2015.07.051
https://doi.org/10.1016/j.jtcvs.2015.07.051
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1097/ANA.0000000000000495
https://doi.org/10.1097/ANA.0000000000000495
https://doi.org/10.1097/ANA.0000000000000495
https://doi.org/10.1097/ANA.0000000000000495
https://doi.org/10.1186/s13741-018-0084-9
https://doi.org/10.1186/s13741-018-0084-9
https://doi.org/10.1186/s13741-018-0084-9
https://doi.org/10.1186/s13741-018-0084-9
https://www.ncbi.nlm.nih.gov/pubmed/26571323
https://www.ncbi.nlm.nih.gov/pubmed/26571323
https://www.ncbi.nlm.nih.gov/pubmed/26571323
https://www.ncbi.nlm.nih.gov/pubmed/26571323
https://doi.org/10.17085/apm.2016.11.4.404
https://doi.org/10.17085/apm.2016.11.4.404
https://doi.org/10.17085/apm.2016.11.4.404
https://doi.org/10.17085/apm.2016.11.4.404
https://doi.org/10.17085/apm.2016.11.2.211
http://dx.doi.org/10.17085/apm.2016.11.2.211
http://dx.doi.org/10.17085/apm.2016.11.2.211
http://dx.doi.org/10.17085/apm.2016.11.2.211
http://dx.doi.org/10.17085/apm.2016.11.2.211
https://doi.org/10.17085/apm.2019.14.1.112
https://doi.org/10.17085/apm.2019.14.1.112

Lim and Lee - Geriatric anesthesia

Anesth Pain Med 2019; 14: 112-6.

120. Zhang R, Chen X, Xiao Y. The effects of a forced-air warming
system plus electric blanket for elderly patients undergoing
transurethral resection of the prostate: a randomized controlled
trial. Medicine (Baltimore) 2018; 97: e13119.

121. Leung JM, Dzankic S. Relative importance of preoperative
health status versus intraoperative factors in predicting postop-
erative adverse outcomes in geriatric surgical patients. ] Am
Geriatr Soc 2001; 49: 1080-5.

122. Manku K, Leung JM. Prognostic significance of postoperative
in-hospital complications in elderly patients. II. Long-term
quality of life. Anesth Analg 2003; 96: 590-4.

123. Gregersen M. Postoperative red blood cell transfusion strategy
in frail anemic elderly with hip fracture. a randomized con-
trolled trial. Dan Med J 2016; 63: pii: B5221.

124. Gregersen M, Borris LC, Damsgaard EM. Postoperative blood
transfusion strategy in frail, anemic elderly patients with hip
fracture: the TRIFE randomized controlled trial. Acta Orthop
2015; 86: 363-72.

125. Cepeda MS, Farrar JT, Baumgarten M, Boston R, Carr DB,
Strom BL. Side effects of opioids during short-term administra-
tion: effect of age, gender, and race. Clin Pharmacol Ther 2003;
74:102-12.

126. Scurrah A, Shiner CT, Stevens JA, Faux SG. Regional nerve
blockade for early analgesic management of elderly patients
with hip fracture - a narrative review. Anaesthesia 2018; 73:
769-83.

127. Lin C, Darling C, Tsui BCH. Practical regional anesthesia guide
for elderly patients. Drugs Aging 2019; 36: 213-34.

128. Yu B, He M, Cai GY, Zou TX, Zhang N. Ultrasound-guided
continuous femoral nerve block vs continuous fascia iliaca
compartment block for hip replacement in the elderly: a ran-
domized controlled clinical trial (CONSORT'). Medicine (Balti-
more) 2016; 95: €5056.

129. Mann C, Pouzeratte Y, Boccara G, Peccoux C, Vergne C, Brunat
G, et al. Comparison of intravenous or epidural patient-con-
trolled analgesia in the elderly after major abdominal surgery.
Anesthesiology 2000; 92: 433-41.

130. Rasmussen LS, Moller JT. Central nervous system dysfunction
after anesthesia in the geriatric patient. Anesthesiol Clin North
Am 20005 18: 59-70.

131. Robinson TN, Raeburn CD, Tran ZV, Angles EM, Brenner LA,
Moss M. Postoperative delirium in the elderly: risk factors and
outcomes. Ann Surg 2009; 249: 173-8.

132. Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly
people. Lancet 2014; 383: 911-22.

133. Gottschalk A, Hubbs J, Vikani AR, Gottschalk LB, Sieber FE.

26

The impact of incident postoperative delirium on survival of el-
derly patients after surgery for hip fracture repair. Anesth Analg
2015; 121: 1336-43.

134. Demeure MJ, Fain MJ. The elderly surgical patient and postop-
erative delirium. ] Am Coll Surg 2006; 203: 752-7.

135. Vaurio LE, Sands LP, Wang Y, Mullen EA, Leung JM. Postoper-
ative delirium: the importance of pain and pain management.
Anesth Analg 2006; 102: 1267-73.

136. Bilotta F, Giordano G, Pugliese E. Preoperative stratification for
postoperative delirium: obstructive sleep apnea is a predictor,
the STOP-BANG is not? ] Thorac Dis 2019; 11: S202-6.

137. Korean Statistical Information S, Kim SW, Kim N, Kim J, Kim
KM, Lee S. Risk factors for postoperative delirium following to-
tal knee arthroplasty in elderly patients. Anesth Pain Med 2018;
13:143-8.

138. Patel V, Champaneria R, Dretzke J, Yeung J. Effect of regional
versus general anaesthesia on postoperative delirium in elderly
patients undergoing surgery for hip fracture: a systematic re-
view. BMJ Open 2018; 8: €020757.

139. Coburn M, Sanders RD, Maze M, Nguyen-Pascal ML, Rex S,
Garrigues B, et al. The hip fracture surgery in elderly patients
(HIPELD) study to evaluate xenon anaesthesia for the preven-
tion of postoperative delirium: a multicentre, randomized clini-
cal trial. Br ] Anaesth 2018; 120: 127-37.

140. Wildes TS, Mickle AM, Ben Abdallah A, Maybrier HR, Ober-
haus J, Budelier TP, et al. Effect of electroencephalogra-
phy-guided anesthetic administration on postoperative deliri-
um among older adults undergoing major surgery: the EN-
GAGES randomized clinical trial. JAMA 2019; 321: 473-83.

141. Sieber E Neufeld KJ, Gottschalk A, Bigelow GE, Oh ES, Rosen-
berg PB, et al. Depth of sedation as an interventional target to
reduce postoperative delirium: mortality and functional out-
comes of the Strategy to Reduce the Incidence of Postoperative
Delirium in Elderly Patients randomised clinical trial. Br ] An-
aesth 2019; 122: 480-9.

142. Deschodt M, Braes T, Flamaing J, Detroyer E, Broos P, Haent-
jens P, et al. Preventing delirium in older adults with recent hip
fracture through multidisciplinary geriatric consultation. ] Am
Geriatr Soc 2012; 60: 733-9.

143. Martocchia A, Curto M, Comite E, Scaccianoce S, Girardi P,
Ferracuti S, et al. The prevention and treatment of delirium in
elderly patients following hip fracture surgery. Recent Pat CNS
Drug Discov 2015; 10: 55-64.

144. Wang Y, Tang J, Zhou E Yang L, Wu J. Comprehensive geriatric
care reduces acute perioperative delirium in elderly patients
with hip fractures: a meta-analysis. Medicine (Baltimore) 2017;
96: €7361.

https://doi.org/10.4097/kja.19391


https://doi.org/10.17085/apm.2019.14.1.112
https://doi.org/10.1097/MD.0000000000013119
https://doi.org/10.1097/MD.0000000000013119
https://doi.org/10.1097/MD.0000000000013119
https://doi.org/10.1097/MD.0000000000013119
https://doi.org/10.1046/j.1532-5415.2001.49212.x
https://doi.org/10.1046/j.1532-5415.2001.49212.x
https://doi.org/10.1046/j.1532-5415.2001.49212.x
https://doi.org/10.1046/j.1532-5415.2001.49212.x
https://www.ncbi.nlm.nih.gov/pubmed/12538217
https://www.ncbi.nlm.nih.gov/pubmed/12538217
https://www.ncbi.nlm.nih.gov/pubmed/12538217
https://ugeskriftet.dk/files/scientific_article_files/2018-11/b5221.pdf
https://ugeskriftet.dk/files/scientific_article_files/2018-11/b5221.pdf
https://ugeskriftet.dk/files/scientific_article_files/2018-11/b5221.pdf
https://doi.org/10.3109/17453674.2015.1006980
https://doi.org/10.3109/17453674.2015.1006980
https://doi.org/10.3109/17453674.2015.1006980
https://doi.org/10.3109/17453674.2015.1006980
https://doi.org/10.1016/S0009-9236(03)00152-8
https://doi.org/10.1016/S0009-9236(03)00152-8
https://doi.org/10.1016/S0009-9236(03)00152-8
https://doi.org/10.1016/S0009-9236(03)00152-8
https://doi.org/10.1111/anae.14178
https://doi.org/10.1111/anae.14178
https://doi.org/10.1111/anae.14178
https://doi.org/10.1111/anae.14178
https://doi.org/10.1007/s40266-018-00631-y
https://doi.org/10.1007/s40266-018-00631-y
https://doi.org/10.1097/MD.0000000000005056
https://doi.org/10.1097/MD.0000000000005056
https://doi.org/10.1097/MD.0000000000005056
https://doi.org/10.1097/MD.0000000000005056
https://doi.org/10.1097/MD.0000000000005056
https://doi.org/10.1097/00000542-200002000-00025
https://doi.org/10.1097/00000542-200002000-00025
https://doi.org/10.1097/00000542-200002000-00025
https://doi.org/10.1097/00000542-200002000-00025
https://doi.org/10.1016/S0889-8537(05)70149-8
https://doi.org/10.1016/S0889-8537(05)70149-8
https://doi.org/10.1016/S0889-8537(05)70149-8
https://doi.org/10.1097/SLA.0b013e31818e4776
https://doi.org/10.1097/SLA.0b013e31818e4776
https://doi.org/10.1097/SLA.0b013e31818e4776
https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.1213/ANE.0000000000000576
https://doi.org/10.1213/ANE.0000000000000576
https://doi.org/10.1213/ANE.0000000000000576
https://doi.org/10.1213/ANE.0000000000000576
https://doi.org/10.1016/j.jamcollsurg.2006.07.032
https://doi.org/10.1016/j.jamcollsurg.2006.07.032
https://doi.org/10.1213/01.ane.0000199156.59226.af
https://doi.org/10.1213/01.ane.0000199156.59226.af
https://doi.org/10.1213/01.ane.0000199156.59226.af
https://doi.org/10.21037/jtd.2019.02.33
https://doi.org/10.21037/jtd.2019.02.33
https://doi.org/10.21037/jtd.2019.02.33
https://doi.org/10.17085/apm.2018.13.2.143
http://dx.doi.org/10.17085/apm.2018.13.2.143
http://dx.doi.org/10.17085/apm.2018.13.2.143
http://dx.doi.org/10.17085/apm.2018.13.2.143
http://dx.doi.org/10.17085/apm.2018.13.2.143
https://doi.org/10.1136/bmjopen-2017-020757
https://doi.org/10.1136/bmjopen-2017-020757
https://doi.org/10.1136/bmjopen-2017-020757
https://doi.org/10.1136/bmjopen-2017-020757
https://doi.org/10.1016/j.bja.2017.11.015
https://doi.org/10.1016/j.bja.2017.11.015
https://doi.org/10.1016/j.bja.2017.11.015
https://doi.org/10.1016/j.bja.2017.11.015
https://doi.org/10.1001/jama.2018.22005
https://doi.org/10.1001/jama.2018.22005
https://doi.org/10.1001/jama.2018.22005
https://doi.org/10.1001/jama.2018.22005
https://doi.org/10.1016/j.bja.2018.12.021
https://doi.org/10.1016/j.bja.2018.12.021
https://doi.org/10.1016/j.bja.2018.12.021
https://doi.org/10.1016/j.bja.2018.12.021
https://doi.org/10.1111/j.1532-5415.2012.03899.x
https://doi.org/10.1111/j.1532-5415.2012.03899.x
https://doi.org/10.1111/j.1532-5415.2012.03899.x
https://doi.org/10.1111/j.1532-5415.2012.03899.x
https://doi.org/10.2174/1574889810666150216152624
https://doi.org/10.2174/1574889810666150216152624
https://doi.org/10.2174/1574889810666150216152624
https://doi.org/10.2174/1574889810666150216152624
http://dx.doi.org/10.1097/MD.0000000000007361
http://dx.doi.org/10.1097/MD.0000000000007361
http://dx.doi.org/10.1097/MD.0000000000007361
http://dx.doi.org/10.1097/MD.0000000000007361

145. Pan H, Liu C, Ma X, Xu Y, Zhang M, Wang Y. Perioperative
dexmedetomidine reduces delirium in elderly patients after
non-cardiac surgery: a systematic review and meta-analysis of
randomized-controlled trials. Can ] Anaesth 2019; 66: 1489-
500.

146. Zeng H, Li Z, He ], Fu W. Dexmedetomidine for the prevention
of postoperative delirium in elderly patients undergoing non-
cardiac surgery: a meta-analysis of randomized controlled tri-
als. PLoS One 2019; 14: e0218088.

147. Shi C, Jin J, Qiao L, Li T, Ma ], Ma Z. Effect of perioperative ad-
ministration of dexmedetomidine on delirium after cardiac
surgery in elderly patients: a double-blinded, multi-center, ran-
domized study. Clin Interv Aging 2019; 14: 571-5.

148. American Geriatrics Society 2012 Beers Criteria Update Expert
Panel. American Geriatrics Society updated Beers Criteria for
potentially inappropriate medication use in older adults. ] Am
Geriatr Soc 2012; 60: 616-31.

149. Tang N, Ou C, Liu Y, Zuo Y, Bai Y. Effect of inhalational anaes-
thetic on postoperative cognitive dysfunction following radical
rectal resection in elderly patients with mild cognitive impair-
ment. ] Int Med Res 2014; 42: 1252-61.

150. Qiao Y, Feng H, Zhao T, Yan H, Zhang H, Zhao X. Postopera-
tive cognitive dysfunction after inhalational anesthesia in elder-
ly patients undergoing major surgery: the influence of anesthet-
ic technique, cerebral injury and systemic inflammation. BMC
Anesthesiol 2015; 15: 154.

151. Micha G, Tzimas P, Zalonis I, Kotsis K, Papdopoulos G, Ar-
naoutoglou E. Propofol vs sevoflurane anaesthesia on postoper-
ative cognitive dysfunction in the elderly. A randomized con-
trolled trial. Acta Anaesthesiol Belg 2016; 67: 129-37.

152. Zhang H, Wu Z, Zhao X, Qiao Y. Role of dexmedetomidine in
reducing the incidence of postoperative cognitive dysfunction
caused by sevoflurane inhalation anesthesia in elderly patients
with esophageal carcinoma. ] Cancer Res Ther 2018; 14: 1497-
502.

153. Tzimas P, Samara E, Petrou A, Korompilias A, Chalkias A, Pap-
adopoulos G. The influence of anesthetic techniques on post-
operative cognitive function in elderly patients undergoing hip
fracture surgery: General vs spinal anesthesia. Injury 2018; 49:
2221-6.

154. Zhang X, Dong Q, Fang J. Impacts of general and spinal anaes-
thesia on short-term cognitive function and mental status in el-
derly patients undergoing orthopaedic surgery. J Coll Physi-
cians Surg Pak 2019; 29: 101-4.

155. Chen C, Li M, Wang K, Shen J, Yang L, Bu X, et al. Protective
effect of combined general and regional anesthesia on postop-

erative cognitive function in older arthroplasty patients. Int J

https://doi.org/10.4097/kja.19391

Korean J Anesthesiol 2020;73(1):8-29

Clin Exp Med 2017; 10: 15453-8.

156. Zhou C, Zhu Y, Liu Z, Ruan L. Effect of dexmedetomidine on
postoperative cognitive dysfunction in elderly patients after
general anaesthesia: a meta-analysis. ] Int Med Res 2016; 44:
1182-90.

157. Yang W, Kong LS, Zhu XX, Wang RX, Liu Y, Chen LR. Effect of
dexmedetomidine on postoperative cognitive dysfunction and
inflammation in patients after general anaesthesia: a PRIS-
MA-compliant systematic review and meta-analysis. Medicine
(Baltimore) 2019; 98: €15383.

158. Zhu YZ, Yao R, Zhang Z, Xu H, Wang LW. Parecoxib prevents
early postoperative cognitive dysfunction in elderly patients un-
dergoing total knee arthroplasty: a double-blind, randomized
clinical consort study. Medicine (Baltimore) 2016; 95: e4082.

159. Lu J, Chen G, Zhou H, Zhou Q, Zhu Z, Wu C. Effect of pare-
coxib sodium pretreatment combined with dexmedetomidine
on early postoperative cognitive dysfunction in elderly patients
after shoulder arthroscopy: a randomized double blinded con-
trolled trial. J Clin Anesth 2017; 41: 30-4.

160. De Cosmo G, Sessa E, Fiorini E Congedo E. Effect of remifent-
anil and fentanyl on postoperative cognitive function and cyto-
kines level in elderly patients undergoing major abdominal sur-
gery. J Clin Anesth 2016; 35: 40-6.

161. Luo A, Yan J, Tang X, Zhao Y, Zhou B, Li S. Postoperative cog-
nitive dysfunction in the aged: the collision of neuroinflammag-
ing with perioperative neuroinflammation. Inflammopharma-
cology 2019; 27: 27-37.

162. Wang LW, Zhu M], Li Y, Wang ST, Zhou MY, Yu Y], et al.
FKBP51 is associated with early postoperative cognitive dys-
function in elderly patients undergoing hip fracture surgery.
Medicine (Baltimore) 2019; 98: e14037.

163. Fan Y, Yuan L, Ji M, Yang J, Gao D. The effect of melatonin on
early postoperative cognitive decline in elderly patients under-
going hip arthroplasty: a randomized controlled trial. J Clin
Anesth 2017; 39: 77-81.

164. Kotekar N, Shenkar A, Nagaraj R. Postoperative cognitive dys-
function - current preventive strategies. Clin Interv Aging 2018;
13:2267-73.

165. Sanchez A, Thomas C, Deeken F, Wagner S, Kloppel S,
Kentischer E et al. Patient safety, cost-effectiveness, and quality
of life: reduction of delirium risk and postoperative cognitive
dysfunction after elective procedures in older adults-study pro-
tocol for a stepped-wedge cluster randomized trial (PAWEL
Study). Trials 2019; 20: 71.

166. Qaseem A, Snow V, Fitterman N, Hornbake ER, Lawrence VA,
Smetana GW, et al. Risk assessment for and strategies to reduce

perioperative pulmonary complications for patients undergoing

27


http://dx.doi.org/10.1007/s12630-019-01440-6
http://dx.doi.org/10.1007/s12630-019-01440-6
http://dx.doi.org/10.1007/s12630-019-01440-6
http://dx.doi.org/10.1007/s12630-019-01440-6
http://dx.doi.org/10.1007/s12630-019-01440-6
https://doi.org/10.1371/journal.pone.0218088
https://doi.org/10.1371/journal.pone.0218088
https://doi.org/10.1371/journal.pone.0218088
https://doi.org/10.1371/journal.pone.0218088
https://doi.org/10.2147/CIA.S194476
https://doi.org/10.2147/CIA.S194476
https://doi.org/10.2147/CIA.S194476
https://doi.org/10.2147/CIA.S194476
https://doi.org/10.1111/j.1532-5415.2012.03923.x
https://doi.org/10.1111/j.1532-5415.2012.03923.x
https://doi.org/10.1111/j.1532-5415.2012.03923.x
https://doi.org/10.1111/j.1532-5415.2012.03923.x
https://doi.org/10.1177/0300060514549781
https://doi.org/10.1177/0300060514549781
https://doi.org/10.1177/0300060514549781
https://doi.org/10.1177/0300060514549781
https://doi.org/10.1186/s12871-015-0130-9
https://doi.org/10.1186/s12871-015-0130-9
https://doi.org/10.1186/s12871-015-0130-9
https://doi.org/10.1186/s12871-015-0130-9
https://www.ncbi.nlm.nih.gov/pubmed/29873468
https://www.ncbi.nlm.nih.gov/pubmed/29873468
https://www.ncbi.nlm.nih.gov/pubmed/29873468
https://www.ncbi.nlm.nih.gov/pubmed/29873468
https://doi.org/10.4103/jcrt.JCRT_164_18
https://doi.org/10.4103/jcrt.JCRT_164_18
https://doi.org/10.4103/jcrt.JCRT_164_18
https://doi.org/10.4103/jcrt.JCRT_164_18
https://doi.org/10.1016/j.injury.2018.09.023
https://doi.org/10.1016/j.injury.2018.09.023
https://doi.org/10.1016/j.injury.2018.09.023
https://doi.org/10.1016/j.injury.2018.09.023
https://doi.org/10.29271/jcpsp.2019.02.101
https://doi.org/10.29271/jcpsp.2019.02.101
https://doi.org/10.29271/jcpsp.2019.02.101
https://doi.org/10.29271/jcpsp.2019.02.101
https://pdfs.semanticscholar.org/46bc/2db23b45ba88e3193502624e7aeb260ea176.pdf
https://pdfs.semanticscholar.org/46bc/2db23b45ba88e3193502624e7aeb260ea176.pdf
https://pdfs.semanticscholar.org/46bc/2db23b45ba88e3193502624e7aeb260ea176.pdf
https://pdfs.semanticscholar.org/46bc/2db23b45ba88e3193502624e7aeb260ea176.pdf
https://doi.org/10.1177/0300060516671623
https://doi.org/10.1177/0300060516671623
https://doi.org/10.1177/0300060516671623
https://doi.org/10.1177/0300060516671623
https://doi.org/10.1097/MD.0000000000015383
https://doi.org/10.1097/MD.0000000000015383
https://doi.org/10.1097/MD.0000000000015383
https://doi.org/10.1097/MD.0000000000015383
https://doi.org/10.1097/MD.0000000000004082
https://doi.org/10.1097/MD.0000000000004082
https://doi.org/10.1097/MD.0000000000004082
https://doi.org/10.1097/MD.0000000000004082
https://doi.org/10.1016/j.jclinane.2017.06.004
https://doi.org/10.1016/j.jclinane.2017.06.004
https://doi.org/10.1016/j.jclinane.2017.06.004
https://doi.org/10.1016/j.jclinane.2017.06.004
https://doi.org/10.1016/j.jclinane.2016.07.016
https://doi.org/10.1016/j.jclinane.2016.07.016
https://doi.org/10.1016/j.jclinane.2016.07.016
https://doi.org/10.1016/j.jclinane.2016.07.016
https://doi.org/10.1007/s10787-018-00559-0
https://doi.org/10.1007/s10787-018-00559-0
https://doi.org/10.1007/s10787-018-00559-0
https://doi.org/10.1007/s10787-018-00559-0
https://doi.org/10.1097/MD.0000000000014037
https://doi.org/10.1097/MD.0000000000014037
https://doi.org/10.1097/MD.0000000000014037
https://doi.org/10.1097/MD.0000000000014037
https://doi.org/10.1016/j.jclinane.2017.03.023
https://doi.org/10.1016/j.jclinane.2017.03.023
https://doi.org/10.1016/j.jclinane.2017.03.023
https://doi.org/10.1016/j.jclinane.2017.03.023
https://doi.org/10.2147/CIA.S133896
https://doi.org/10.2147/CIA.S133896
https://doi.org/10.2147/CIA.S133896
https://doi.org/10.1186/s13063-018-3148-8
https://doi.org/10.7326/0003-4819-144-8-200604180-00008
https://doi.org/10.7326/0003-4819-144-8-200604180-00008
https://doi.org/10.7326/0003-4819-144-8-200604180-00008

Lim and Lee - Geriatric anesthesia

noncardiothoracic surgery: a guideline from the American Col-
lege of Physicians. Ann Intern Med 2006; 144: 575-80.

167. Lawrence VA, Hilsenbeck SG, Noveck H, Poses RM, Carson JL.
Medical complications and outcomes after hip fracture repair.
Arch Intern Med 2002; 162: 2053-7.

168. Lo IL, Siu CW, Tse HE, Lau TW, Leung E Wong M. Pre-opera-
tive pulmonary assessment for patients with hip fracture. Oste-
oporos Int 2010; 21 Suppl 4: S579-86.

169. Lawrence VA, Cornell JE, Smetana GW; American College of
Physicians. Strategies to reduce postoperative pulmonary com-
plications after noncardiothoracic surgery: systematic review
for the American College of Physicians. Ann Intern Med 2006;
144: 596-608.

170. Kim YS, Won Y], Lee DK, Lim BG, Kim H, Lee IO, et al. Lung

28

171.

172.

ultrasound score-based perioperative assessment of pres-
sure-controlled ventilation-volume guaranteed or volume-con-
trolled ventilation in geriatrics: a prospective randomized con-
trolled trial. Clin Interv Aging 2019; 14: 1319-29.

Higashikawa T, Shigemoto K, Goshima K, Usuda D, Okuro M,
Moriyama M, et al. Urinary retention as a postoperative com-
plication associated with functional decline in elderly female
patients with femoral neck and trochanteric fractures: a retro-
spective study of a patient cohort. Medicine (Baltimore) 2019;
98: €16023.

Tobu S, Noguchi M, Hashikawa T, Uozumi J. Risk factors of
postoperative urinary retention after hip surgery for femoral
neck fracture in elderly women. Geriatr Gerontol Int 2014; 14:
636-9.

https://doi.org/10.4097/kja.19391


https://doi.org/10.7326/0003-4819-144-8-200604180-00008
https://doi.org/10.1001/archinte.162.18.2053
https://doi.org/10.1001/archinte.162.18.2053
https://doi.org/10.1001/archinte.162.18.2053
https://doi.org/10.1007/s00198-010-1427-7
https://doi.org/10.1007/s00198-010-1427-7
https://doi.org/10.1007/s00198-010-1427-7
https://doi.org/10.7326/0003-4819-144-8-200604180-00011
https://doi.org/10.7326/0003-4819-144-8-200604180-00011
https://doi.org/10.7326/0003-4819-144-8-200604180-00011
https://doi.org/10.7326/0003-4819-144-8-200604180-00011
https://doi.org/10.2147/CIA.S212334
https://doi.org/10.2147/CIA.S212334
https://doi.org/10.2147/CIA.S212334
https://doi.org/10.2147/CIA.S212334
https://doi.org/10.1097/MD.0000000000016023
https://doi.org/10.1097/MD.0000000000016023
https://doi.org/10.1097/MD.0000000000016023
https://doi.org/10.1097/MD.0000000000016023
https://doi.org/10.1111/ggi.12150
https://doi.org/10.1111/ggi.12150
https://doi.org/10.1111/ggi.12150
https://doi.org/10.1111/ggi.12150

Korean J Anesthesiol 2020;73(1):8-29

Appendix
Appendix 1. Search strategies and items found for each database
Items Items Items Items
found Embase found Cochrane found KoreaMed found
2960  ((‘geriatric anesthesia’/de) AND 827  [mh Anesthesia] AND ([mh 3
(‘perioperative period’/de OR ‘pre- A’Perioperative Care’] OR [mh
operative care’/de OR ‘peroperative “Preoperative Care’] OR [mh “In-
care’/de OR ‘postoperative care’/ traoperative Care”] OR [mh “Post-
de)) OR (anesthesia/de AND operative Care’]) AND ([mh Geri-
(‘perioperative period’/de OR ‘pre- atrics] OR [mh Aged])
operative care’/de OR ‘peroperative
care//de OR ‘postoperative care’/de)
AND (geriatrics/de OR aged/exp))
(an*sthesia* OR postan*sthe* OR (an*sthesia* OR postan*sthe* OR (anesthesia* OR anaesthesia*
an*sthetic):ti,ab an*sthetic):ti,ab OR anesthetic OR anaesthet-
ic)
(perioperative* OR preoperative* (perioperative* OR preoperative* (perioperative* OR preopera-
OR intraoperative* OR postopera- OR intraoperative* OR postopera- tive* OR intraoperative* OR
tive* OR peri-operative* OR tive* OR peri-operative* OR postoperative* OR peri-op-
pre-operative* OR intra-operative* pre-operative* OR intra-operative* erative* OR pre-operative*
OR post-operative*):ti,ab OR post-operative*):ti,ab OR intra-operative* OR
post-operative*)
(geriatric OR geriatrics OR elder OR (geriatric OR geriatrics OR elder OR (geriatric OR geriatrics OR el-
elders OR elderl* OR older OR elders OR elderl* OR older OR der OR elders OR elderl* OR
aged OR senior OR seniors OR aged OR senior OR seniors OR older OR aged OR senior OR
gerontolog* OR frail OR frailty OR gerontolog* OR frail OR frailty OR seniors OR gerontolog* OR
‘very old’ OR (old NEXT/1 (patient “very old” OR (old NEXT/1 (pa- frail OR frailty OR “old pa-
OR patients OR inpatient OR inpa- tient OR patients OR inpatient OR tient” OR “old patients” OR
tients))):ti inpatients))):ti “old inpatient” OR “old inpa-
tients” OR “very old”)
1420  #2 AND #3 AND #4 2038  #2 AND #3 AND #4 738  #2 AND #3 AND #4
4262 #1 OR#5 2768  #1 OR#5 740
review:it OR ‘meta analysis/exp OR random*:ti,ab
‘systematic review’/de OR ‘multi-
center study’/de OR ‘observational
study’/de OR ‘randomized con-
trolled trial'/exp
1197  #6 AND #7 702 #6 AND #7 548
Animal/exp NOT (Human/exp
AND Animal/exp)
(adolescent/exp OR adult/de OR ([mh Adolescent] OR [mh AAdult]
‘middle aged’/de OR ‘young adult’/ OR [mh “Middle Aged”’] OR [mh
de OR juvenile/exp) NOT (aged/ “Young Adult”] OR [mh Child]
exp AND (adolescent/exp OR OR [mbh Infant]) NOT ([mh Aged]
adult/de OR ‘middle aged’/de OR AND ([mh Adolescent] OR [mh
‘young adult’/de OR juvenile/exp)) AAdult] OR [mh “Middle Aged”]
OR [mh “Young Adult”] OR [mh
Child] OR [mh Infant]))
1182  #8 NOT (#9 OR #10) 671 #6NOT #10 546 361
502  ([english]/lim OR [korean]/lim) 366  Publication date from 2009/01/01 399  (DP:2009:2019), except case 284
AND [2009-2019]/py report
502 366 399 284
502 183 191 276
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