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Abstract

Purpose of Review With the projected increase in the geriatric patient population, it is of the utmost importance to under-
stand and optimize conditions in the perioperative period to ensure the best surgical outcome. Age-associated changes in
respiratory physiology affect the surgical management of geriatric patients. This review focuses on perioperative pulmonary
management of elderly individuals.

Recent Findings The physiological changes associated with aging include both physical and biochemical alterations that are
detrimental to pulmonary function. There is an increased prevalence of chronic lung disease such as COPD and interstitial
lung disease which can predispose patients to postoperative pulmonary complications. Additionally, elderly patients, espe-
cially those with chronic lung disease, are at risk for frailty. Screening tools have been developed to evaluate risk and aid
in the judicious selection of patients for surgical procedures. The concept of “prehabilitation” has been developed to best
prepare patients for surgery and may be more influential in the reduction of postoperative pulmonary complications than
postoperative rehabilitation. Understanding the age-associated changes in metabolism of drugs has led to dose adjustments in
the intraoperative and postoperative periods, reducing respiratory depression and lung protective ventilation and minimally
invasive procedures have yielded reductions in postoperative pulmonary complications.

Summary The perioperative management of the geriatric population can be divided into three key areas: preoperative risk miti-
gation, intraoperative considerations, and postoperative management. Preoperative considerations include patient selection and
thorough history and physical, along with smoking cessation and prehabilitation in a subset of patients. Operative aspects include
careful selection of anesthetic agents, lung protective ventilation, and choice of surgical procedure. Postoperative management
should focus on selective use of agents that may contribute to respiratory depression and encouragement of rehabilitation.
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Introduction

The world’s population of individuals over 60 years old is
expected to increase to 2 billion people by 2050 [1], and in the
United States, 1 in 5 people will be considered elderly [2ee].
With the projected increase in the geriatric population, the
medical community must learn to understand how to care for
patients in this demographic group. It is important to tailor
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treatment plans to address the nuances of medical care required
of this cohort. With the growing geriatric population, there is
an increasing number of elderly presenting for surgical care. It
is imperative to understand and optimize conditions not only
during surgical procedures, but in the pre- and post-operative
periods. This review will focus on perioperative pulmonary
support in the geriatric population. The changes in respiratory
physiology due to age will be reviewed along with additional
risk factors applicable to the geriatric population. Information
will then be presented on pre-operative risk mitigation, operative
considerations, and finally post-operative management (Fig. 1).

Respiratory Physiology in the Elderly
and Risk Factors for Disease

There is a decrease in pulmonary function as an individual

ages, with studies showing a 40% decline in overall function
between the ages of 25—80 [1]. These changes are driven by
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PREOPERATIVE RISK MITIGATION
» Screening
» History and Physical
» Patient selection
* Smoking cessation
* Prehabilitation

OPERATIVE CONSIDERATIONS
* Anesthesia
Ventilation
» Surgical procedure

POSTOPERATIVE MANAGEMENT
Pain control, choice of analgesic
Rehabilitation

Fig. 1 The three key aspects of perioperative pulmonary support

both physical and biochemical factors. Overall changes in
the structure of the body contribute to reduced lung expan-
sion including loss of vertebral body height, decreased chest
wall compliance, and loss of muscle mass. On a molecu-
lar level, alterations in collagen associated with age lead
to alveolar duct dilation and loss of lung recoil. With these
physical changes, there is a decrease in tidal volume, FEV1,
and FVC, and increases in residual volume and respiratory
rate [1, 3]. The vasculature of the pulmonary system is also
affected with increases in pulmonary arterial pressure result-
ing in an increased A-a gradient [4]. Oxidative metabolism is
reduced along with expiration of CO2. The aging pulmonary
system has a decreased responsiveness to chemoreceptors
causing a weakened response to hypoxia or hypercapnia [5].

Obstructive and Restrictive Lung Disease
The effect of aging on a biochemical level has been the
subject of much research. Possible deleterious mechanisms

include mitochondrial dysfunction and telomere shortening.
It is postulated that the rising number of primary senescent
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cells reduce capacity for tissue repair and increase num-
bers of pro-inflammatory molecules [5]. The accumulation
of senescent cells has been implicated in the development
of diseases such as COPD demonstrating a mechanism of
“accelerated aging” [6, 7]. It is important to note the increas-
ing prevalence of COPD in the geriatric population with the
disease occurring in 1,200 in 10,000 people over the age of
65 as compared to 200 in 10,000 patients under 45 years of
age [8]. Smoking is a known risk factor for development
of the disease but up to one third of COPD cases occur in
nonsmokers [7]. Furthermore, the presence of the disease
has significant implications in surgical treatment. A Euro-
pean study of 1,842 elderly patients with aortic stenosis
examined the impact of COPD in patients undergoing vari-
able approaches for aortic valve implantation. Patients with
COPD undergoing transapical aortic valve implantation
were found to have higher rates of postoperative pneumonia
compared to those without COPD. Additionally, patients
with COPD displayed reduced long-term survival compared
to patients without COPD [9].

The incidence of interstitial lung disease (ILD) also
increases with age. Idiopathic pulmonary fibrosis (IPF) is
a well-known type of ILD marked by interstitial inflamma-
tion with permanent and progressive scarring of pulmonary
tissues [10]. The majority of IPF patients are males over the
age of 60, and again, a history of smoking is often seen [11].
Acute exacerbations of IPF are associated with poor prog-
nosis and have been seen following surgical procedures on
the lungs to include biopsies, lobectomies, and bronchoal-
veolar lavage. The mechanisms are unclear, necessitating
judicious selection of these patients for procedures [12].
There has also been focus on improving the baseline perfor-
mance capabilities of these patients with exercise training
programs. An Australian study randomized ILD patients
into 2 groups, one group receiving usual care and the other
enrolled in an 8-week supervised exercise training program.
It was found that six-minute walk distance scores and quality
of life survey scores were improved in the exercise group.
They did note, however, that prolonged treatment effects
were associated with milder disease at baseline [10].

Obstructive sleep apnea (OSA) is characterized by cyclical
obstruction of the respiratory tract during periods of sleep.
This disease process can lead to detrimental changes within
the cardiovascular and pulmonary systems, increasing risk
for atherosclerosis and hypertension [13] and there is an asso-
ciation between OSA and postoperative complications [14].
OSA prevalence is as high as 38% in the general population,
is more common in men, and is associated with obesity [15].
However, in men aged 60-85 years, the prevalence of OSA
has been shown to be as high as 43-90% [15, 16]. Given
the high number of individuals affected, it is important to
screen patients using validated tools. Examples of such are
the STOP-Bang questionnaire (SBQ), Berlin questionnaire,
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STOP questionnaire, and Epworth sleepiness scale. The SBQ
was developed in 2008 and is comprised of 8 items: snoring,
tiredness, observed apnea, high blood pressure, BMI, age,
neck circumference, and gender (Table 1). The questionnaire
has demonstrated high sensitivity in detecting OSA in vari-
ous patient populations [17]. A 2016 meta-analysis suggested
the SBQ to be highly sensitive compared to alternative tools
[18]. If a patient is suspected of having OSA, polysomnog-
raphy (PSG) is considered the gold standard for diagnosis
and should be performed as several PSG parameters may be
able to more accurately predict postoperative adverse events
[16]. Pre-operative diagnosis of OSA may allow intervention,
including initiation of CPAP therapy.

Frailty

Although aging is an inescapable aspect of human exist-
ence, the geriatric population should not be viewed through
a singular lens and individual physiologic status should
be considered. There has been a movement to focus more
closely on the concept of “frailty” defined by a decrease
in physiologic reserve and increased vulnerability to stress
[19]. While frailty does increase with age, it is not necessar-
ily equivalent to aging.

Multiple screening tools have emerged over the years
including, but not limited to, the clinical frailty scale (CFS),
the Fatigue, Resistance, Ambulation, Illnesses, and Loss
of Weight (FRAIL) scale, the Fried frailty phenotype, the
PRISMA questionnaire, and the timed up-and-go test [20].
A systematic review found that in both elective and acute
operations, frailty in patients over 75 years of age is strongly
associated with 30 day mortality [21].

A study of 326 general surgery patients found a higher
rate of in-hospital complications, and in particular, a sig-
nificantly higher rate of respiratory complications [22ee]. In
addition, frailty is closely associated with COPD and IPF. A
2018 meta-analysis concluded that elderly individuals with
COPD have a two-fold increased risk of frailty [23]. Another

study assessed IPF patients aged 65 years or older with the
Fried frailty phenotype (weight loss, weakness, slowness,
low level of physical activity, and exhaustion) and reported
48% were found to be frail [24].

CoVID-19

The elderly population is more susceptible to respiratory
infections at baseline given diminished immune responses.
This has been seen in the context of viral infections such as
influenza and RSV [25], and most recently, with the emer-
gence of COVID-19. The presence of interstitial lung dis-
ease and COVID-19 infection appears to be synergistic in
severity and recent study results have found a higher mortal-
ity rates in elderly males with IPF [26].

The COVID-19 pandemic has also sparked questions as
to the effects of infection in the perioperative period espe-
cially within the geriatric population, a cohort at greater risk
of acquiring the infection and increased severity. An inter-
national, multicenter study examining surgical patients with
a perioperative COVID diagnosis within 7 days before or
30 days after surgery found that half of patients positive for the
disease experienced postoperative pulmonary complications.
Additionally, 30-day mortality was associated with males aged
70 years or older [27]. Another recent study also found an
increase in 30-day mortality due to postoperative respiratory
pathology in COVID positive surgical patients with all patients
in that cohort over the age of 65. Generally, it is currently rec-
ommended to defer all non-urgent, and elective surgery espe-
cially among elderly males during the pandemic [28].

Preoperative Risk Mitigation

The importance of preoperative assessment cannot be
overstated and should include a thorough discussion of the
patient’s health history to include presence of comorbidities,
environmental risk factors such as history of smoking and
occupational exposures and a physical exam.

Table1 The STOP-BANG

METRIC

. . . ITEM
Questionnaire screening tool for
obstructive sleep apnea (OSA). Snoring
A score of 0-3 is associated .
Tiredness

with a low risk of OSA, 4-5
with an intermediate risk for
OSA, and 6-8 with a high risk

Observation

for OSA (http://www.stopbang. High Blood Pressure
ca/osa/screening.php) BMI
Age

Neck circumference

Gender

Loud snoring which can be heard through closed doors

Daytime fatigue

Has someone observed gasping or cessation of breath-
ing during sleep?

Are you treated for high blood pressure?

Over 35 kg/m?

Over 50

e Greater than 17 inches for males
e Greater than 16 inches for females

Male?
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Screening and Pulmonary Function Testing

Comorbid conditions such as OSA and frailty may
increase the risk of postoperative complications. Routine
use of these screening instruments to detect these dis-
eases is widely recommended. Additionally, the Assess
Respiratory Risk in Surgical Patients in Catalonia (ARI-
SCAT) risk index is an externally validated tool used to
assist in predicting postoperative pulmonary complica-
tions and is composed of seven criteria: age, preoperative
oxygen saturation, respiratory infection in the last month,
preoperative anemia, upper abdominal or intrathoracic
surgical incision, duration of surgery, and emergent pro-
cedure [29].

Aside from its preoperative use in thoracic surgery,
pulmonary function testing (PFT) prior to non-thoracic
surgery is not typically recommended, although the debate
over its merits continues [30]. A study examining patients
undergoing either open or laparoscopic elective abdominal
surgery who had received preoperative PFT found that
while vital capacity was an independent predictor of post-
operative pulmonary complications, a model using age,
duration of surgery, and blood transfusion was not infe-
rior [31]. Another recent study examined patients under-
going laparoscopic gastric or colorectal cancer surgery
who had PFT within one month of surgery for either age
over 60 years, current smoking, or history of chronic pul-
monary disease. After multivariable logistic regression,
it was found that a lower FVC was significantly associ-
ated with postoperative pulmonary complications. Also
significant were age, surgery duration, and blood transfu-
sion [32]. In addition to the question over its preopera-
tive predictive value, the quality of spirometry has been
questioned in advanced age, especially in association with
reduced cognition. A study examining spirometry results
in elderly individuals found that age over 78 years and a
Mini-Mental State Examination cutoff score of 15 points
was significantly associated with poor quality spirometric
results [33].

Smoking Cessation

The serious negative health consequences attributed to
smoking are well established. According to a 2019 CDC
report, 8.2% of adults 65 years and older are current ciga-
rette smokers [34]. There are a variety of options available
to assist older individuals in tobacco cessation including
counseling and pharmacotherapy. Pharmacological modali-
ties include nicotine replacement therapy, bupropion, and
varenicline. Nicotine replacement therapy has been shown
to be effective in older populations [35].
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Prehabilitation

Many surgical procedures performed on the geriatric popu-
lation are either emergent or urgent resulting in little to no
time for physiologic optimization. However, in the context
of elective surgery, the concept of “prehabilitation” has
been developed. These programs often include fitness and
nutritional regimens in order to best prepare an individual
for the physiologic stressors of a procedure [36]. In a study
examining abdominal surgery patients 70 years or older, it
was found that the incidence of postoperative delirium was
significantly lower in patients who had undergone a preha-
bilitation program despite the presence of a higher number
of comorbidities [36]. A meta-analysis examining the effect
of inspiratory muscle training (IMT) on the presence of
postoperative pulmonary complications and length of hos-
pital stay found preoperative physiotherapy to be beneficial
in both over a range of ages [37]. Another meta-analysis
focusing on patients undergoing cardiothoracic and upper
abdominal surgery found a significant reduction in postoper-
ative pulmonary complications when preoperative IMT was
instituted, specifically noting the benefit of IMT for 15 min
or more per day for greater than 2 weeks [38].

Operative Considerations

A review of operative considerations can be found in
Table 2.

Anesthesia

A recent retrospective review of 747 anesthesia cases dem-
onstrated anesthesia-related adverse events in the postopera-
tive period occur more commonly in patients 65 and older
compared to those under 65 (37.7% vs 21.9%, p=.001) [39].
Changes in the body composition of aging patients include
decreased total body water and a relative increase in body
fat. These alterations can cause an increase in the plasma
concentrations of hydrophilic drugs and a longer time to
onset and longer duration of action of lipophilic drugs [40].
Additionally, renal and hepatic function typically declines in
advancing age which can have an effect on metabolism and
clearance of drugs [41]. An awareness of these concepts is
important in the administration of sedatives, neuromuscular
blockade, and analgesic medications. For example, propo-
fol administration tends to cause a greater response and
the adverse cardiovascular effects tend to occur later [41].
Benzodiapine clearance is typically reduced and may cause
oversedation and respiratory depression [42]. Short-acting
opioids such as remifentanil may be of benefit but it must
still be noted that dose adjustments are needed to prevent
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Table 2 Operative

RECOMMENDATION

- S CONSIDERATION
considerations in pulmonary
management Anesthesia
Ventilation

Surgical procedure

e Dose adjustments for drugs given for sedation, neuromuscu-
lar blockade, and analgesia
e Reversal of neuromuscular blockade to train-of-four
ratio > 0.9 after surgical intervention
e Judicious use of general anesthesia and prioritization of
regional anesthesia when possible
Low tidal volume ventilation (6-8 ml/kg ideal body weight)
Individualized PEEP
Elevation of head of bed prior to induction of anesthesia
Use of airway adjuncts to avoid upper airway collapse

Use of minimally invasive technique if possible

respiratory depression in the elderly patient [42]. Concern-
ing neuromuscular blockade, it is recommended to facilitate
complete recovery to a train-of-four ratio>0.9 at the end
of intervention to avoid complications such as aspiration-
induced pneumonia secondary to pharyngeal dysfunction.
Sugammadex is recommended for reversal if necessary [43].
Due to the potential risks of general anesthesia, there has
been debate over whether regional anesthesia may confer
less risk. In a retrospective study of over 16,000 geriatric
patients surgically treated for hip fractures, general anes-
thesia, when compared with regional anesthesia, was found
to be associated with a higher risk of mortality during the
in-hospital stay. However, there was no significant difference
in presence of DV'T/PE, myocardial infarction, or pneumonia
when comparing the two types of anesthesia [44]. A recent
study utilizing the NSQIP database examined over 87,000
patients undergoing inguinal hernia surgery and found a
significantly lower rate of postoperative complications in
patients 75 years of age and older who were operated on with
local anesthesia [45]. The effect of anesthesia type may be
even more pronounced in those with comorbid lung disease.
A NSQIP database review of COPD patients undergoing sur-
gery found that patients who underwent general anesthesia
had higher rates of pneumonia, prolonged ventilator depend-
ence, and unplanned postoperative intubation compared to
those who received regional anesthesia [46]. Thus, regional
anesthesia should be considered whenever possible.

Ventilation

Lung protective ventilation to prevent further pulmonary injury
is a mainstay of treatment of acute respiratory distress syn-
drome (ARDS) and its use has also shifted to the perioperative
setting. In a systematic review and expert panel, it was deter-
mined that low tidal volume ventilation with 6-8 ml/kg of ideal
body weight may be preventive against postoperative pulmo-
nary complications. Additionally, PEEP should be individual-
ized and adjusted as needed. Other recommendations included
elevation of the head of bead prior to induction of anesthesia
and use of airway adjuncts to avoid upper airway collapse [47].

Studies have been unable to provide high quality evidence
for the use of prophylactic continuous positive airway pres-
sure (CPAP) in the immediate postoperative to prevent post-
operative pulmonary complications [48].

Surgical Procedure

The type and nature of the surgical procedure is a predictive
factor for pulmonary complication risk. An increased risk
for postoperative respiratory failure has been demonstrated
in thoracic and upper abdominal procedures as well as in
emergent surgery [49].

As surgical technology continues to advance, there has
been a focus on advancing minimally invasive procedures.
Abdominal laparoscopic surgery requires the creation of
pneumoperitoneum in order to create a space to work within.
Pneumoperitoneum has known effects on hemodynamics
and ventilation, and with the physiological changes seen in
elderly adults, it has been the subject of research to deter-
mine if elderly patients can tolerate the stress and if it con-
tributes to postoperative complications [50]. A multicenter
study examined 1,473 patients undergoing surgery for colo-
rectal cancer and found significantly lower rates of postop-
erative pneumonia in laparoscopic vs open surgical groups.
Additionally, the findings were also true in patients with
obstructive and restrictive lung disease [51]. Another sys-
tematic review examined over 66,000 patient aged 65 years
or older who underwent either open or laparoscopic colo-
rectal surgery and found a significantly lower mortality and
a lower rate of pulmonary and cardiac complications in the
laparoscopic group [52].

Postoperative Management
In the postoperative period, patients should be monitored
closely, early mobilization is encouraged, and typical aspi-

ration precautions should be observed including elevation
of the head of the bed, advanced swallow evaluations when
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appropriate, and remaining upright during and for a period
after meals [4]. Evaluation of oxygen saturation and res-
piratory rate should be performed at intervals with a low
threshold for arterial blood gas analysis if conditions war-
rant [43].

Postoperative Pain Control

Judicious selection of analgesic medications is necessary to
avoid respiratory depression in the postoperative period. Hav-
ing said that, undertreatment of pain in elderly individuals
has been reported in the literature and care must be taken to
carefully evaluate the patient’s condition [53]. Opioids should
be administered in lower doses along with non-narcotic medi-
cations such as acetaminophen. NSAIDs should be used with
caution given possible gastric or renal effects [43].

With the enhanced recovery after surgery (ERAS) path-
way, there has been a focus of multimodal pain control, a
concept that can be applied to the elderly population [54].
Transversus abdominis plane (TAP) blocks have been pro-
posed as an adjunct to pain control in older individuals. This
procedure involves placement of local anesthetic into the
neurovascular plane between the internal oblique and trans-
versus abdominis. In a study of colorectal surgery patients,
TAP blocks were found to be non-inferior to pain control
when compared to epidural analgesia [55].

Postoperative Pulmonary Rehabilitation

A 2018 study examining a novel inpatient pulmonary rehabili-
tation program found that when techniques such as incentive
spirometry, chest percussion, and forced expiratory techniques
are implemented early, significantly lower rates of pneumo-
nia were observed [56]. Additionally, chest physiotherapy
regimens have been noted to reduce secretion accumulation
and respiratory muscle atrophy, and improving rapid shallow
breathing index scores in ventilated patients [57].

In a randomized control trial, the effects of two weeks of
postoperative inspiratory muscle training (IMT) after pul-
monary resection in high risk patients were examined. There
was no effect on respiratory muscle strength but oxygenation
was significantly improved when compared with usual care.
Cases of pneumonia were lower in the IMT group but not
significantly so (6% in the control group vs. 21% in the IMT
group, p-value 0.14) [58].

Taking a preventive approach to combat pulmonary com-
plications in the postoperative period may lessen rates of
such complications as the aforementioned studies indicate.
However, a recent meta-analysis demonstrated unclear ben-
efits of physiotherapy in the postoperative period in prevent-
ing postoperative pulmonary complications and it appears
that the focus should still lie on the benefit of preoperative
physiotherapy when feasible [59].

@ Springer

Conclusions

There are a growing number of geriatric patients who need
surgical care. Recognizing the physiologic changes that occur
with advancing age is important in preparing the patient to
achieve the most optimal surgical outcome. Preoperative
considerations include patient selection, thorough history
and physical, along with smoking cessation and prehabilita-
tion in a subset of patients. Operative aspects include careful
selection of anesthetic agents, lung protective ventilation,
and choice of surgical procedure. Postoperative management
should focus on judicious use of agents that may contribute to
respiratory depression and emphasize rehabilitation.
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