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Dear Reader,

Every day of our lives, we encounter all sorts of odors and perfumes. A fragrance
is composed of three chords — the head, the heart, and the base — each being
composed of 4 essences or notes, just like a music melody. Fulfilling this four-
year research mission would not have been possible without me being exposed,
day to day, to a magical one-of-a-kind perfume.

The first note of this sweet-smelling melody comes from Caroline Huart, the
mother of this project, my brilliant promoter. Mastering olfactory function like
anybody else, she made me discover the fabulous power of this sense and gave
me this incredible opportunity to study it within my beloved perioperative world.
Speaking of the world, my best memory will remain forever our funny, endless —
and sometimes deep — conversations we had in Bonita Springs, along with the
smell of one — and sometimes more than one — freshly shaken cocktail. Merci
tellement Caro.

The second note is given by André Mouraux, my co-promoter, always carrying
the wisest advice in his pocket and willing to help me improve my article
manuscripts.

The third note is composed by all the members of my Jury, each helping me at
various phases of my project: Bernard Hanseeuw, Marie de Saint-Hubert,
Philippe Rombaux, Naima Deggouj, but also three anesthesiologists, Vincent
Bonhomme, Marie-Agnés Docquier — aka Maman Docquier, always taking care
of my well-being — and Mona Momeni. The latter is one of the most extraordinary
scientists, clinicians, and friends | feel truly lucky to have in my life. The smell of
the following pages would have been clearly different without her unconditional
help and support.

The fourth note comes from Thomas Hummel, whom | met for the first time in
Dresden at his very famous Summer school on human olfaction, which | had the
great chance to attend. While being THE expert on olfaction, he has always
shown so much kindness and interest to the young researcher | am.

The fifth note is an intense one. It is played by my sleep-provider colleagues
who have all been supportive in many ways. In anesthesiology — and in the OR
in general —, we have this team thing. We change with the team, we drink coffee
and eat every day with the team, we profoundly enjoy working as a team, we
stand together as a team in our bickering with the surgeons, we sometimes
NEED to have the whole team around a very risky patient, we laugh — or cry —



with the team every single day, we share our experiences with the team, and, in
the end, we spend most of our time with this team. | have spent the last four
years among incredible coworkers. Some of them have become something
between friendship and family. Et, aussi, LONGUE VIE au Bureau Du Fond et a
mes deux colocataires d’amour, Dieu et Lolo <3.

The sixth note is made by the colleagues from the other side of the sterile field,
without whom we would not be working and vice versa (will continue to be a
lifelong debate). The surgeons from the orthopedic, cardiovascular, and
neurosurgical teams have all been extremely attentive and enthusiastic about
this work, always giving positive support to my project in front of their patients.

The seventh note is given by Laetitia Miltoni, clinical research coordinator. |
never ever would have reached my sample sizes (the crux of the problem in
biostatistics) without her precious help. Laetitia is one of the most rigorous and
meticulous women | know. But what would describe her even better are her great
empathy, non-judgment, and sincere generosity.

The eighth note is also a meaningful one. In their pursuit of becoming excellent
anesthesiologists, Richard Coulie, Jordi Dollase, and Julie Bouhours also got
implicated in olfactory research through this work, helping with the massive data
collection, either “on the field” or behind the patients’ charts. Alexandre Stouffs,
an amazing human and a brilliant doctor, has brought a very special tone to this
work and also surely contributes to several other notes of the perfume. We have
grown better anesthesiologists together, and | could not quantify the number of
hours spent at the hospital, day and night, working and laughing together.

The ninth note is a pretty old note, which has laid the foundations of my
researcher side. When | was 18, | was welcomed into the laboratory of Marie-
Christine Many and Benoit Lengelé. With a lot of kindness and patience, they
allowed me to make my first baby steps in this big galaxy that is scientific
research. Antoine Christiaens, Lancelot Marique and Julie Craps were also part
of the team. Lancelot, mon cochercheur, is one of my oldest friends, who also
happens to be now a wonderful surgeon with whom | enjoy working even — and
mostly — during a hEPatocytIC night.

The tenth note comes from my friends. They say friends are the family you
choose. Friends have been an essential support and | am so grateful for every
single person having walked part of the way with me during these four years.
There are countless ways of connecting between humans, and still, each



friendship may add its own grain of sand. MERCI a VOUS TOU-T-E'S. Et, a
Mimi, Coco et Baba, vous étes des humain-e-s exceptionnel-le-s.

The eleventh note is given by my forever LOVING family without whom | would
not have achieved the slightest bit of what | have been able to accomplish in my
life. My grandparents, my parents, my siblings. | owe my Mom and Dad
everything. They have supported me in every challenge | had to overcome and
have loved me every minute of my life. My parents also offered me the precious
chance to have a wonderful little brother, Elliott, and a truly amazing little sister,
Lindsay, who have both always been present for me. | am profoundly proud of
them. | love you to the moon and back, my Family.

The twelfth note ... is the most special and unique one cause it's a part of me
and of her dad, Quentin. The final and vital note. Alice, my baby, my sweet little
girl, ma chose d’amour, Coeur, ALICENON! She is the most beautiful, smiling,
and loving creature on earth. Also, she has this extraordinary power of detecting
the smell of chocolate from miles away. Alice is my everything and makes me
immensely proud to be her mom. Je t'aime tellement, Alice.

These 12 notes were a perfect blend of odors, weren’t they?

| sincerely hope you will enjoy flipping through these pages,

Jiaun Y

Y






"Don't let anyone rob you of your imagination, your
creativity, or your curiosity. It's your place in the world;
it's your life. Go on and do all you can with it, and
make it the life you want to live.”

Mae Jemison

Engineer, Physician, NASA astronaut

First African American woman to travel into space
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Chapter 1. Aims of the present thesis

Olfactory dysfunction has been linked with increased mortality in the aging
population, yet the exact reasons behind this are unclear. In parallel, effectively
detecting vulnerable patients who will evolve poorly after surgery remains a
complex task for the anesthesiologist. The main goals of this thesis were, first,
to evaluate whether olfactory dysfunction could be a reliable predictor of poor
postoperative outcome in older patients and, second, to identify the potential
underpinning mechanisms linking olfactory impairment and increased death,
notably by investigating the connection with frailty, cognition, and telomere

length.
To this end, we established four specific objectives, as illustrated in Figure 1.1.:

(1) Correlating olfactory function with frailty.

(2) Exploring the perioperative association between olfactory function and
cognitive function.

(3) Exploring the association between olfactory function and telomere length.

(4) Correlating preoperative olfactory function with postoperative morbidity and
mortality.

This thesis is structured in four sections, with the two middle sections exposing
our research results. The first section aims to lay the foundation for our
multifaceted research project. The second and largest section examines the
intricate relationships between olfactory dysfunction, frailty status, cognitive
function, and, also, morbidity and mortality within the perioperative setting. We
have split this section into two parts, firstly presenting promising findings from a
preliminary “real-life” trial and secondly, strengthening our hypotheses with a
more thorough and extensive approach. The third section addresses the link
between smell and leukocyte telomere length within the presumed framework of

biological aging. In the fourth section, we propose a new angle on what we
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believe — from the depths of our scientific soul — makes the bridge between
olfactory impairment and death. We end this thesis by discussing the place of

olfactory function testing in tomorrow’s perioperative world.

Objective #1
Correlate olfactory
function with frailty

il

% @
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e @ % #‘:‘“ﬂ%\l

Objective #3
Explore the association —
between olfactory function
and telomere length -

Figure 1.1. lllustration of the specific objectives of the present thesis
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Chapter 2. The sense of olfaction

What, why, who?

As COVID-19 began to hit in 2020 all around the world, the sense of smell was
suddenly put under the spotlight for the very first time. Indeed, looking back a
few months before, in 2019, smell was ranked — unfairly — as only the sixth most
valuable sense after sight, hearing, balance, touch, and taste by UK adults from
the general public [1]. Yet, in our daily human life, olfaction plays a role in three
major classes of function: eating behavior, environmental hazard avoidance, and
social communication [2]. Not being able to smell correctly may thus have
numerous consequences, including a reduced quality of life [3]. Imagine yourself
eating your favorite dish without being able to perceive its entire “smellscape”.
Or not having this sudden flashback when smelling a familiar odor from our past.
Of note, humans may discriminate more than one trillion (i.e., 10'?) olfactory
stimuli, significantly outperforming the several millions of different colors an eye

can see [4].

However, just as any other body function, olfaction may be defective, making us
either partially (hyposmic) or totally (anosmic) unable to perceive odors.
Alongside quantitative disorders relating to the intensity of odors, olfactory
dysfunction may also present as qualitative — and most of the time, unpleasant
—troubles: phantosmia, in which one may have the sensation of smelling an odor
that is, in fact, absent, or parosmia which alters the quality of scents.
Paradoxically, some people may suffer from an increased perception of odors,

called hyperosmia [5].

What are the causes leading to olfactory impairment? A good way to apprehend
the different etiologies would be first to retrace the path of an odor. Peripherally,
odorant molecules are breathed into the nose and, thanks to the nasal

turbinates, are directed towards the olfactory cleft, where lies the olfactory
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neuroepithelium (Figure 1.2.). The latter then projects through the cribriform
plate into the olfactory bulb [6]. The axons coming out of the olfactory bulb project
to a certain number of central structures called the “primary olfactory cortex”,
including the piriform cortex and the entorhinal cortex [7]. Finally, the secondary
olfactory cortex comprises the thalamus, the hypothalamus, the hippocampus,
the orbito-frontal cortex, and the insular cortex [8]. From this summarized
approach to the actual — and far more complex — process of olfaction, we may
understand the roles of both peripheral and/or central causes of olfactory
disorders. The top three most frequent etiologies are post-traumatic (any
craniocerebral trauma), post-infectious events, as well as sino-nasal diseases
[9]. Any viral organism present in upper respiratory tract infections may be
responsible for a decline in olfaction [5]. Of course, the past few years have
shown the perfect example with SARS-CoV-2, the causal agent of COVID-19,
provoking sudden loss of smell as a typical symptom in most infected patients.
In this case, mechanisms of anosmia seem both peripheral and central, primarily
due to neuronal and non-neuronal tissue damage and inflammation [10]. Sino-
nasal diseases, such as chronic rhinosinusitis and nasal polyposis, constitute a
peripherally mediated cause of olfactory dysfunction [11]. Importantly, olfactory
impairment may affect patients suffering from a variety of neurological or
psychiatric illnesses, such as neurodegenerative diseases, including especially
Parkinson’s disease and Alzheimer's disease (see Introduction in Section 1
Chapter 2), epilepsy, or depression [11][5]. Also, olfactory dysfunction may be
the consequence of congenital disorders, drug- or toxin-induced causes,
idiopathic causes, and last but not least, aging [5]. Quite a few hypotheses have
been drawn to explain this age-related decline of olfaction (see Figure 1.3. and
Introduction in Section 1, Chapter 2) [12].
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Figure 1.2. Olfactory cerebral pathways.
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Figure 1.3. Etiologies of age-related olfactory decline.

How frequent is the problem? Olfactory impairment affects 1 out of 5 adults in
the general population [3][13]. Fortunately, complete loss of smell is less
frequent but would still hit approximately 5% of adults of all ages [11]. As
previously mentioned, the prevalence of olfactory dysfunction increases
massively with age since more than 50% of the population between 65 and 80

years old suffers from it, rising to 75% above 80 years old [14].

Olfactory function testing

“How well can you smell odors?” This simple question may bring some answers,
but subjective assessment is far from entirely reliable, results from subjective
and (semi-)objective testing methods being uncorrelated [15][16]. In this large
study interrogating 6049 participants, almost 30% of the anosmic subjects
(psychophysically tested afterward) would state their ability to smell as
“average’[16]. In a cohort of patients with self-reported normal olfaction, the
actual prevalence of anosmia increased significantly with age, representing
6.9% of the 61-70 year-old and 58% of the 80+ year-old subjects [17].
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Psychophysical testing appears, therefore, mandatory to reliably assess

olfactory function, especially in older adults.

Aside from electrophysiological testing and imaging techniques, psychophysical
testing is the most accessible and commonly used semi-objective method to
assess smell. Several tests have been developed and validated, including,
among others, the Sniffin’ Sticks test, the University of Pennsylvania Smell
Identification Test (UPSIT), the San Diego Odor Identification Test (SDOIT), and
the Scandinavian Odour-Identification Test (SOIT) [18]. Screening tests also

exist, allowing for a very rapid — usually less than 5 minutes — evaluation of smell.

The Sniffin’ Sticks extended test was developed and validated for routine clinical
assessment of olfactory performance in 1997 by Thomas Hummel and
colleagues [19]. This test is widely used in daily clinical practice in European
countries. It has the advantage of covering the three subsets of olfactory testing:
identification, threshold, and discrimination (see Figure 1.4.). The Sniffin’ Sticks
consist of pen-like odor dispensing devices placed approximately 2cm in front of

the nostrils (for a detailed review of the methodology, see Rumeau et al. [20]).

The first module of the test aims to evaluate the olfactory threshold (T), i.e., the
weakest concentration of an odor that a subject can perceive. The test comprises
16 triplets of pens, numbered from 1 to 16. Each triplet contains one pen
impregnated with N-butanol, in progressively decreasing concentrations from
pen number 1 to 16, and two other non-odorant pens. The subject must
recognize the odorant pen between the three pens of a triplet. The odor threshold
is determined using an ascending staircase procedure, starting with the
strongest odor concentration. The second subset assesses one’s ability to
differentiate between two odors, named odor discrimination (D). This module
also includes 16 triplets of pens. This time, two pens are impregnated with the
same odor, and the third pen contains a different odor. The subject is asked to
identify the pen impregnated with a distinct odor from the two other pens. The

third module tests a subject’'s odor identification (I) performance. This test
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consists of 16 pens, each containing a given odor. The subject must make a
forced choice from a list of four descriptors each. (See Table 1.1. showing the
16 different odor items and their descriptors in the French-speaking version).
The three modules are scored on 16 points and may be added up to obtain a

global TDI olfactory score of 48 points.

Figure 1.4. The Sniffin’ Sticks extended test.

Initially, a TDI score of < 16.5 was considered anosmia, a TDI score of > 16.5
and < 30.5 as hyposmia, and a TDI score of > 30.5 was defined as normosmia
[20][21][22]. However, not only does olfactory function decline with age but it is
also influenced by gender. Indeed, women usually tend to outperform men at
smell testing [23]. Normative data have thus been established on large samples
— and recently updated — which allow the classification of a subject’s TDI score
according to percentiles for age and gender [21][24]. The 10" percentile may be
used as a limit to separate normosmia from impaired olfaction. For example, the
10" percentile odor identification score for a 78-year-old man is 7 compared to
12 for a 34-year-old woman.

10
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Orange Fraise Mdre Ananas
2 Fumée Cuir Colle Herbe
3 Miel Chocolat Vanille Cannelle
4 Ciboulette Sapin Menthe Oignon
5 Noix de coco Noix Banane Cerise
6 Péche Citron Pomme Pamplemousse
7 Réglisse Menthe verte Cerise Biscuit
8 Moutarde Menthol Caoutchouc Térébenthine
9 Oignon Ail Choucroute Carotte
10 Cigarette Vin Café Fumée
11 Melon Orange Péche Pomme
12 Girofle Cannelle Poivre Moutarde
13 Poire Péche Prune Ananas
14 Camomille Rose Framboise Cerise
15 Anis Miel Rhum Sapin
16 Pain Poisson Fromage Jambon

Table 1.1. List of the 16 odor items and their descriptors, in french, of the Sniffin’ Sticks odor

identification subtest.

The Sniffin’ Sticks 12-item identification test is a shorter version originating from
the extended test. Hummel and colleagues created this screening test to shorten
the time taken to administer olfactory testing [25]. Indeed, 20 to 30 minutes are
usually required to complete the Sniffin’ Sticks three subsets. This short version
consists of an identification test using 12 odors instead of 16 and takes only 4

minutes. According to the data from their sample, the authors proposed the

11
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following classification: anosmia for a score of < 6, hyposmia between 7 and 10,

and normosmia when scoring 11 or 12 [25].

12
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ABSTRACT

Olfaction is a sense involved in a complex set of tasks, influencing eating
behavior, increasing awareness of environmental hazards and affecting social
communication. Surprisingly, smell disorders are very frequent, especially in the

elderly population.

Several recent studies conducted mostly in older subjects have demonstrated a
strong association between olfactory impairment and overall mortality risk, with
anosmia being even more predictive of 5-years mortality risk than cardiovascular
disease. Presently, the underlying pathophysiology linking olfactory impairment

to mortality remains unknown and only putative mechanisms are suggested.

This review aims to examine the link between olfactory impairment and mortality
and to discuss existing ideas on underlying existing mechanisms including, (1)
the effect of olfactory loss on nutrition, life-threatening situations and social
interactions, (2) associated neurodegenerative diseases, (3) accelerated brain
aging and (4) reflection of general health status being reflected in olfactory

function.

14
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INTRODUCTION

Olfactory impairment (Ol) is known to occur during the process of aging (odds
ratio [OR] = 1.55 for every 5-year increase in age) [26]. It is estimated that more
than 50% of the population aged between 65 and 80 years old exhibit Ol,
increasing to 75% above 80 years old [27]. Several hypotheses are proposed to

explain this age-related decline of olfaction.

First, the olfactory nerve, originating from the nasal fossa, is the only cranial
nerve directly exposed to the environment, which makes it vulnerable to

exposure to toxins, infection, trauma, and airborne pollutants [6][8][28][29].

Second, age-related alteration of physiological processes and structural
changes within the nose, olfactory epithelium, olfactory bulb and higher brain
regions seem to contribute greatly to this deterioration [14][27][30][31][32][33].

Third, brain aging or environmental exposure could reduce the cellular

regeneration found at the different levels of the olfactory system [34].

Fourth, genetic factors could also be involved. For example, it has been shown
that carriers of val/val genotype of the brain-derived neurotrophic factor (BDNF)
val66met polymorphism present a marked aging-associated decline in olfactory
function [35]. Apolipoprotein E (ApoE) &4 allele carriers seem to experience
greater olfactory decline than the non-carriers [36]. ApoE may also contribute to
neuronal regenerative processes and to the development of neurodegenerative
diseases. Interestingly, the combination of ApoE ¢4 allele and Ol in a non-
demented elderly population predicts a larger decline in global cognitive function
[37][38]. As for cognitively impaired individuals, ApoE ¢4 allele carriers also show
a more significant decline in cognitive abilities as well as in odor identification
[36]. However, a twin study suggests low heritability coefficients regarding

olfactory function [39].

15
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Fifth, age-related Ol could reflect early involvement of olfactory-related brain
areas by the neuropathological processes associated with neurodegenerative
diseases, such as Alzheimer’s disease (AD) and Parkinson’s disease (PD). Even
if the exact mechanisms underlying Ol in AD and PD are not completely
understood, olfactory brain structures are affected early in their courses [33][40]
and Ol precedes clinical diagnosis. Regarding AD, Ol may already be present in
patients with mild cognitive impairment (MCI, cognitive dysfunction exceeding
normal “age-related” decline, yet not meeting the criteria for dementia) [41]. It is
known that approximately 70% of MCI patients will ultimately convert to AD [42].
Yet, recent data converge towards the idea that olfactory-impaired MCI patients
are more prone to develop AD than those without Ol [43][44][45][46]. Overall,
these findings make Ol a potential early predictor for AD development. PD is
also marked by early OI, which typically precedes motor symptoms by at least 5
years and thus can be used as a biomarker for the diagnosis of PD [33][47][48].
Moreover, a 7-year prospective study conducted in newly diagnosed PD patients
reported that hyposmia at diagnosis of PD is associated with further
development of cognitive deficits, making Ol a predictor of dementia in this
setting [49].

Sixth, Ol has been shown to accompany a variety of diseases. In addition to the
link to neurodegenerative diseases, Ol has been reported to occur in
schizophrenia, epilepsy, systemic and endocrine diseases (e.g. hypothyroidism,
type 2 diabetes mellitus), chronic kidney or liver failure [11][50][51]. Of note, a
recent study involving type 2 diabetic patients demonstrated not only increased
Ol in this population compared to controls but also diminished abilities in specific
cognitive tests. Besides, once again, they found a strong association between
Ol and specific memory impairment in this population [52]. As for smoking, which
is known to interfere with olfactory performance, the effect is equivocal or weak
and mostly seen in long-standing heavy smokers [53]. Alcohol’s abuse negative
effects on olfaction could be related to alterations in brain areas involved in

olfactory processing [26]. Higher probability of comorbidities with age comes

16
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along with the associated polypharmacy. Despite little evidence-based data, it is
commonly thought that medication may affect taste and smell functions [11].
Drugs are thought to interact with many different molecular targets of the
olfactory pathway from the olfactory receptors to central processes [54][55][56].
A long list of medications might be involved in smell loss, including antibiotics,
antidepressant and antipsychotic drugs, antihypertensive drugs (e.g. calcium
channel blockers), opioids, sildenafil [11][57]. However, it is difficult to distinguish
drug-induced Ol from the effect of the underlying medical issue for which the
drug is taken. Landis et al. did not find a correlation between olfactory function
and the number of drugs taken [50]. Nevertheless, a recent study showed a
significant correlation between the number of drugs taken and both worse
olfactory threshold function and, interestingly, worse MMSE scores [58]. The
authors justified this finding by the fact that these parameters are usually age-
related. However, they did not control for comorbidities, which in fact could have

explained in part these results.

SUMMARY OF EXISTING STUDIES LINKING OLFACTORY IMPAIRMENT
AND MORTALITY

Until now, seven longitudinal studies have been published on the relationship
between olfactory function at baseline and risk of mortality
[59][60][61][62][63][64][65]. Demographics and methods are summarized in
Table 1.2. Statistics and main results are summarized in Table 1.3. We
deliberately decided to include only studies with psychophysical assessment of
olfactory function using well-known validated identification tests since self-
assessment of olfactory function is not reliable [15][17][16][66]. Together, these
studies included a total of 13,366 individuals, male and female, aged 40 and
older, with older people representing the majority. In regard to age groups,
results vary between studies. Some found a stronger Ol-mortality link in older
subjects, while others demonstrated a slightly stronger relationship in middle-

aged groups [60][64][65]. This latter finding may be due to the increased

17
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prevalence of anosmia with advancing age. Length of follow-up varied according
to studies, mainly ranging from 4-5 years up to 10-13 years. Exclusion criteria,
mostly including dementia or neurologic diseases, were found in four studies and

are discussed below.

These studies cannot be directly compared due to methodological differences.
However, all yield similar results. Regardless of the statistical method used, the
relationship between Ol and mortality risk was statistically significant and strong.
In addition, the association was found to be dose-dependent, meaning anosmic

people have a greater risk of death than hyposmic people.

Unfortunately, while clearly revealing the existence of a link between Ol and risk
of mortality, these studies leave possible explanations of such a link quite
unexplored. Indeed, cause-specific mortality is only explored in one study [65]
whereas others do not report cause of death. Yet, this parameter could have
largely contributed to the understanding of the mechanisms of the Ol-mortality
relationship. Nevertheless, a large number of covariates were controlled, which
certainly adds more data to progress through the current hypotheses. Though
being a key feature, the causal involvement of neurodegenerative diseases is

still left quite unanswered in these studies.

18
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POSSIBLE MECHANISMS LINKING OLFACTORY IMPAIRMENT AND
RISK OF MORTALITY

At the moment, the underlying physiopathology linking olfactory impairment to
mortality remains unknown. Based on existing evidence and on data from the

mortality studies, we will present an overview of current hypotheses.

(1) Effects of olfactory loss on eating behavior, danger warning and

social interaction

Olfaction is known to play a role in eating behavior, danger warning and social
interaction [2]. Ol will therefore have various consequences on these three

human functions, which might directly or indirectly lead to decreased health.

First, malnutrition may be a direct consequence of Ol as taste and smell are
intrinsically linked. In fact, Ol may lead to a decreased ability to enjoy food,
decreased appetite and food intake, as well as change in body weight and
increased risk for chronic disease. People suffering from Ol might either maintain
their weight, or eat less, or on the contrary eat more since food would become
tasteless; reasons for this remain unclear [3]. Interestingly, there is growing
evidence that the olfactory system could greatly contribute in the regulation of
food intake and energy balance, through its effect on sympathetic and
parasympathetic tone [67][68][69]. Indeed, receptors to a variety of orexigenic
and anorexigenic molecules (i.e. insulin, leptin, ghrelin, neuropeptide Y, nutrient
glucose) were found in the olfactory epithelium and in the olfactory bulb [67][70].
It was shown that older women with Ol had poorer diet quality over 5 years [71]
and that a population of older U.S. female and male adults displayed low body
mass index (BMI) [72]. Still, there remain controversies in the literature regarding
the association between malnutrition and Ol in geriatric patients [32]. Similarly,
the relationship between Ol and obesity yield contradictory results, some studies
demonstrating a correlation (mainly through increased threshold detection of

odors [67][73], while others did not [74]. Some authors suggest that the wide
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range of both etiologies and endocrinologic consequences of obesity could
explain these conflicting findings [67]. Among our seven reviewed studies, only
a few measured BMI of the subjects. One study found that Ol was associated
with decreased BMI [60]. The other showed that subjects who did not enjoy
eating or had a low BMI had increased mortality, whereas those who had a high
BMI had decreased mortality [61]. Weight loss, as a surrogate marker for
malnutrition, was also found to contribute to the association between Ol and
mortality [65]. Indeed, their mediation analysis demonstrated that weight loss
could account for respectively 6% and 11% of the 10-year and 13-year higher

mortality linked to poor olfaction.

Ol might also increase risk of death as a result of not smelling danger signals in
the household environment. A U.S. survey showed that respectively 20.3% and
31.3% of adults older than 70 years were not able to identify the warning odors
of smoke and natural gas [75]. Ol thus exposes to risks associated with cooking
accidents, fires or gas leaks and ingestion of spoiled foods or toxic substances
[76]. Anosmic people experience hazardous events 2 to 3 times more often than
normosmic subjects [77]. Although the 7 studies did not take these events into
consideration for analysis of cause-specific mortality, death rate from
unintentional poisoning or fire (not necessarily related to Ol) is actually low (1.7-
4.7 per 100,000) [78].

Olfactory function is known to influence quality of life. Notably, people with Ol
typically suffer from depressive symptoms [3][79][80][81]. One proposed
explanation is that dysfunction or absence of olfactory bulb might result in the
dysfunction of various cellular processes and pathways within the hippocampus
[82]. Some of the mortality studies reported that the subjects who died showed
more depressive signs [59][64]. However, the association of Ol with mortality
persisted after controlling for depressive symptoms [59]. Ol is associated with

reduced social network size [83], and recent work showed that reduced in-
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person physical contact with others might partially mediate the link between Ol

and mortality in females [84].
(2) Associated neurodegenerative diseases

At present, Ol has become a well-known early biomarker for a broad spectrum
of neurodegenerative diseases. Therefore, it is not surprising that
neurodegenerative diseases have been investigated as a possible mediator in
the relationship between Ol and mortality. Despite some conflicting results,
evidence is progressively increasing that neurodegenerative diseases might

partly explain this relationship.

The majority of the reviewed studies included cognitive function at baseline as a
covariate. In three studies, controlling for cognitive performance at baseline did
not change the results. Nevertheless, Wilson et al. excluded patients with a
diagnosis of dementia or PD at baseline and used a measure of cognitive activity
frequency in leisure time, which seems to weakly reflect cognitive function [59].
Schubert et al. did not adjust the results exclusively for cognitive function but
rather included additional covariates for adjustment, so that the precise impact
of cognitive function remains unknown [63]. In addition, Ekstrom et al. also
specifically addressed the question of dementia conversion and found that the
Ol-mortality relationship was independent from it [64]. On the contrary, three
other studies did show a potential mediator effect of cognitive function on
mortality [61][62][65]. Two found that the association between Ol and mortality
was lowered when controlling for dementia, yet remained statistically significant.
Of note, Ol was shown to be associated with future cognitive decline in
cognitively intact subjects [44]. Moreover, there is evidence of existing
postmortem markers of neurodegenerative disease in the brain of subjects
without previous clinical signs of MCI or AD [85]. Therefore, one hypothetical
explanation for the absence or weak mediating effect of cognitive function on

mortality might be that olfaction is altered while clinical cognitive function is not
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yet affected and thus undiagnosed. Only Gopinath et al. came to a non-
significant association between Ol and mortality risk after adjustment for
cognitive impairment [60]. This would suggest a mediating role of cognitive
function, although the authors clearly state this finding could be due to weak
statistical power. More interestingly, the only analysis of cause-specific mortality
showed that the strongest causal association found was between Ol and death
associated with dementia or PD [65]. Indeed, their mediation analysis showed
that dementia or PD could account for 22% of the higher 10-year mortality linked
to poor olfaction. Lastly, Devanand et al. questions the fact that
neurodegenerative disorders lead to excess mortality. However, recent evidence
suggests otherwise [62]. In 2014, AD was the sixth leading cause of death in the
U.S., representing 3.6% of total mortality with an age-adjusted death rate of 25.4
per 100,000 citizens [86]. As for PD, a meta-analysis showed a pooled mortality
ratio of approximately 1.5 compared to controls [87]. Also, mean duration until
death varies from 6.9 to 14.3 years. This might also partially explain why
dementia conversion does not seem to mediate the Ol-mortality link despite a
10-year follow-up [64], since death associated with PD may occur after more
than 10 years. PD-related mortality was shown to be significantly increased by
the presence of MCI at baseline [88]. This finding supports the idea of a

correlation between Ol, PD and mortality risk.

Finally, adjusting for ApoE ¢4 genotype, associated with cognitive decline and
Ol [36], did not attenuate the association between Ol and mortality [62][64].

In conclusion, even if available data remain controversial, there seems to be
growing evidence that neurodegenerative diseases, through cognitive
dysfunction, may be a potential mediator in the relationship connecting Ol to

mortality risk.
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(3) Accelerated brain aging

One of the special features of the olfactory system is its extraordinary plasticity
and continuing neurogenesis through adulthood, at least at the level of the
olfactory epithelium (for recent review see Huart et al. [34]). Mechanisms
underlying these neural abilities have been largely investigated mainly in
rodents; indeed, the paucity of human data remains controversial. Adult
neurogenesis is thought to occur both peripherally and centrally, in three different
locations. First, proliferating stem cells, located within the olfactory epithelium
differentiate into olfactory receptor neurons. Secondly, neural stem cells coming
from the walls of the lateral ventricle could migrate following the rostral migratory
stream towards the olfactory bulb (OB) to give rise to olfactory interneurons [89].
Thirdly, some animal data suggest the presence of progenitor cells lying directly
within the OB [34]. For now, however, all this remains somewhat hypothetical in
adult human brains. Yet, clinical findings support the idea of high plasticity of the
olfactory system. For instance, it is widely acknowledged that the OB is subject
to significant volume changes, as a function of olfactory performance. Indeed,
Ol is associated with reduced OB volume, while recovery of olfactory function
correlates with OB volume [90][91][92][93][94]. These volume fluctuations
probably depend on bottom-up [95] and top-down processes [96]. In addition,
structural brain modifications could also occur beyond the OB [97]. Finally,
olfactory plasticity has also been recently highlighted by olfactory training, which
was found to improve significantly olfactory skills regardless of baseline olfactory
function [98] and to lead to increased cortical thickness of certain brain areas
[99]. Interestingly, olfactory training was also shown to improve verbal function

and subjective well-being in older people [100].

Importantly, vision and hearing impairment were not associated with mortality
nor did they alter the Ol-mortality relationship, suggesting that death could not
be explained by sensory loss more broadly [62][63]. Still, some previous studies

have shown a possible link between vision and/or hearing impairment and
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mortality, evidence for the impact of vision impairment alone remaining weaker
[63][101][102]. It is also important to underline the fact that all humans do not
age equally. That is why physiological age might be more relevant than the
chronological age. It may be hypothesized that decline in olfactory function could
indicate a more advanced physiological age. Indeed, it was found that idiopathic
age-related decline in olfactory function was much smaller in the healthy, non-
medicated, non-smoking population [53]. On the contrary, it was shown that taste
and smell disorders were associated with an increased risk of frailty in the older
population [103][104]. Among the mortality studies, controlling for performance
in activities of daily living or frailty score did not attenuate the effect [61][63].
Global sensory impairment (including the five classical senses: smell, taste,
hearing, vision and touch) predicts 5-year mortality, but also major components
of physical frailty (e.g. slow gait, weight loss, low activity) [105]. The same
authors developed the concept that multisensory loss of function could reflect a

common underlying aging process [106].

To summarize, we hypothesize that Ol reflects a decline in brain plasticity, and
could be seen more globally as an indicator of lowered physiologic repair
function. This could explain, at least partly, the pathway toward increased
mortality. Brain aging could make the olfactory system as well as other brain
structures more vulnerable and less capable of recovering from insults. This
highlights the current need to think in terms of physiological age and frailty
status. Whether frailty mediates the relationship between Ol and mortality still

requires more evidence.
(4) Reflection of general poor health

Ol is known to be associated with a wide range of ilinesses and is thought to be
a marker of poor health. Landis et al. showed a negative correlation between
olfactory function and the number of comorbid conditions [50]. Self-reported poor

health status was associated with Ol in one study [65]. However, the association
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between Ol and mortality risk was mostly driven by the subjects with baseline
excellent to good health, which might question the idea of Ol being merely a
marker of poor health. The authors hypothesized either that Ol in healthy older
people might hide an underneath life-threatening condition or that the cumulative
effect of multiple comorbid conditions might outweigh the effect of Ol on death.
Moreover, half of the analyzed studies adjusted their results for comorbid
conditions, with either little or no effect on the Ol-mortality link [61][62][63][64].
Controlling for smoking or alcohol abuse did not attenuate the link between Ol
and mortality [61][62]. Some authors also suggested that high levels of
inflammatory markers (interleukin-6, C-reactive protein) could be associated with
frailty, atherosclerosis and also with Ol [107][108][109]. However, adjusting for
these variables did not attenuate the link between Ol and mortality [63]. Hence,
whether Ol is a marker of poor health remains doubtful. The only assertion that
can be made is that Ol is a strong and independent risk factor for death,

regardless of health status.

Since controlling for comorbid conditions had little or no effect on the Ol-mortality
link, this would then suggest a weak impact of cardiovascular diseases or

metabolic disorders (being part of the comorbidity indexes used in the studies).

However, analysis of cause-specific mortality revealed that Ol was modestly
associated with death from cardiovascular disease, but not from cancer or
respiratory diseases [65]. Furthermore, the association between Ol and mortality
did not remain significant after adjusting for total serum cholesterol, though
potentially explained by reduced statistical power [60]. Physical exercise and use
of statins were found to decrease the incidence of Ol [108]. Indeed, both are
known to improve cardiovascular health and to lower the risk of atherosclerosis,
which is the main hallmark of cardiovascular diseases. Additionally, statins may
also directly provide to the brain (and thereby to the olfactory system) their
positive pleiotropic effects on endothelial function, oxidative stress and vascular

inflammation. This would be consistent with the reduced risk of Ol being specific

29



SECTION 1

to statins crossing well the blood-brain barrier in the study from Schubert et al.
[108]. However, in a mouse model, administration of atorvastatin (classified as
not crossing the blood-brain barrier) could still enhance the recovery of olfactory
function, likely through the promotion of cellular proliferation and neural
regeneration of the olfactory epithelium [110][111]. Carotid artery intima media
thickness (IMT), a biomarker of generalized atherosclerosis, was shown to be
associated with a decline in odor identification performance at 5 years, but only
before 60 years old [112][113]. Nevertheless, the association between Ol and
mortality remained statistically significant after adjusting for IMT [63]. Also, Ol
could be associated to the intake of antihypertensive drugs [57]. Therefore,
cardiovascular diseases might be somehow connected to Ol. Yet, evidence

remains sparse and further studies are needed.

Obesity, insulin resistance and type 2 diabetes mellitus constitute a well-known
continuum which represents a major burden in terms of public health and
mortality. In rodent obesity models, the olfactory bulb developed insulin
resistance which could then be responsible for the disruption of olfactory function
[67]. Human data also support the fact that insulin resistance could affect
negatively olfactory function. Indeed, a recent study found that older adults with
high insulin resistance (quantified by the HOMA-IR test) had an approximately
two-fold increased odds of Ol compared with subjects with low insulin resistance
[70]. This could explain, at least in part, the independent association found
between type 2 diabetes mellitus (in which insulin resistance represents the key
mechanism) and Ol [52][60][74]. Ol in type 2 diabetes mellitus might also be due
to microvascular injury since Ol was mainly found in diabetic patients already
suffering from the microvascular complications of this disease [74]. Regarding
mortality studies, diabetes mellitus was associated with Ol in one study [60] but
was not in another one more recent [65]. Three studies included diabetes
mellitus in their controlled variables, but the correlation between Ol and mortality

remained unchanged, thus also suggesting a weak impact of diabetes mellitus.
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Regarding the link of obesity, insulin resistance and type 2 diabetes mellitus with

Ol, controversies thus persist on many points.

Finally, due to its direct contact to the outside, the olfactory system may be an
easy target for environmental insults. Indeed, olfaction is altered by air pollutants
and by exposure to a variety of toxic agents (e.g. metallic compounds)
[28][29][114]. The airborne toxicants may also make their way to the brain
directly through the olfactory pathway, leading to neuronal damage. Of note, it
was shown that high levels of air pollution could result in neurodegenerative
diseases-related pathology within the olfactory bulb [115]. Pollution and toxic
exposure have been linked to poor health and might thus constitute a potential

mediator in the relationship between Ol and mortality [116].

CONCLUSION

Studies agree that Ol is an indicator of increased mortality risk in the older
population. Several hypothetical mechanisms are suggested, yet the extent to
which they contribute to this association remains an open question. To our
opinion, the effects of olfactory impairment on eating behavior, danger warning
and social interaction do exist, although their importance in this context seems
minor. Olfactory impairment and poor health status seem to be linked in some
ways, though the exact relationship remains poorly understood. On the contrary,
based on current evidence, neurodegenerative diseases and advanced
physiological brain aging appear to us as the most likely involved. The olfactory
system plays a determinant role and further attention should be given to these
potential mechanisms underlying the robust Ol-mortality association. In the
future, we should also address the question whether the recovery of olfactory

function could have beneficial effects on outcome.
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Chapter 4. Frailty in the perioperative setting

Introduction

Surgery plays a key role in healthcare. Indeed, surgical volume is nowadays
massive since about more than 300 million surgical procedures are annually
required to address the needs of the global population [117]. And while lack of
universal access to surgical care is responsible for an estimated 16.2 million
deaths annually from conditions needing surgery [118], surgical care also
paradoxically represents a major source of morbidity and mortality. It was
suggested that 4.2 million people worldwide would die within 30 days of surgery
each year, ranking third among causes of mortality after ischemic heart disease
and stroke [119]. Overall, we may estimate that postoperative complications
occur in up to 20% of the patients, and short-term mortality declares in about 1
to 4% [120].

Besides, the rising average age of the population comes along with higher
surgery rates and thereby with an increased risk of morbidity and mortality in the
perioperative period. Morbidity after surgery in elderly patients includes
postoperative surgery-related complications, but also geriatric syndrome
(including cognitive decline) and post-discharge institutionalization [121].
Interestingly, in-hospital surgery-related mortality is known to be correlated with
age as it was found to represent 1.2% of patients aged 65-74, 2,3% when aged
75-84 and 5.6% when aged 85-94 [122].

Indeed, surgery and anesthesia act together as a heavy inflammatory stressor
on the human body. Throughout this period, the patient must draw on their
physiological reserve to shift from homeostasis — a self-regulating process
maintaining internal stability while adjusting to changing external conditions —to
allostasis — a general adaptative reaction to stress [123][124]. Therefore, when

evaluating the risks in an older patient, it seems that physiological age rather
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than chronological age would be more relevant to consider [125]. Setting aside
age per se, only partially responsible for a rise in postoperative risk, the concept
of frailty emerges from this lowered capacity of adapting. Frailty may be defined
as a biological syndrome of decreased reserve and resistance to stressors,
resulting from multiple physiologic systems and causing vulnerability to adverse
outcomes [126].

Preoperative evaluation of frailty

Routine preoperative frailty assessment has progressively become
recommended by many surgeons, geriatricians and anesthesiologists societies
and guidelines, including notably the American Geriatrics Society and the
American college of surgeons [127]. Currently, clinical factors determining frailty
remain not entirely known or even understood. As a consequence, humerous
frailty instruments coexist with no clear consensus regarding frailty assessment

in the surgical context [128].

Among the multitude of tests available, the Fried Phenotype and the Frailty Index
have both been largely used and studied tests, mostly by geriatricians [129][130].
Each one aims to evaluate a different model of frailty, respectively, the
phenotype model and the cumulative deficit model. Fried Phenotype comprises
the following components: unintentional weight loss, weakness at grip strength,
self-reported exhaustion, slow gait speed, low physical activity level [129].
Whereas the Frailty Index’s principle is to add up any “deficit in health” of a
patient, which may correspond to symptoms, signs, diseases, disabilities, or

biomarkers abnormalities [131].

In 2006, Rolfson et al validated a frailty screening tool consisting of a brief and
user-friendly interview named the Edmonton Frail Scale (EFS) [132]. This test
explores nine domains of frailty: cognition, general health status, functional

independence, social support, medication use, nutrition, mood, continence, and
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functional performance (see Table 1.4., adapted from Rolfson et al. [132]). The
EFS has been shown to be performant in frailty stratification and has the
advantage of being quickly and reliably performed by non-geriatricians [133].

This test has thus been widely explored in the perioperative context.

Frailty domain Item 0 point 1 point 2 points
Cognition Please imagine that this pre-drawn circleisa  No errors Minor spacing errors ~ Other errors
clock. | would like you to place the numbers in
the correct positions then place the hands to
indicate a time of “ten after eleven”

General health status  In the past year, how many times have you 0 12 >2
been admitted to a hospital?
In general, how would you describe your ‘Excellent’, ‘Fair’ ‘Poor’
health? ‘Very good', ‘Good’

Functional With how many of the following activities do 0-1 2-4 5-8

independence you require help? (meal preparation,

shopping, transportation, telephone,
housekeeping, laundry, managing money,
taking medications)

Social support When you need help, can you count on Always Sometimes Never
someone who is willing and able to meet your
needs?
Medication use Do you use five or more different prescription ~ No Yes
medications on a regular basis?
At times, do you forget to take your No Yes
prescription medications?
Nutrition Have you recently lost weight such that your No Yes
clothing has become looser?
Mood Do you often feel sad or depressed? No Yes
Continence Do you have a problem with losing control of ~ No Yes
urine when you don’t want to?
Functional | would like you to sit in this chair with your 0-10s 11-20's One of >20 s,
performance back and arms resting. Then, when | say patient unwilling,
‘GO’, please stand up and walk at a safe and or rgqulres
assistance

comfortable pace to the mark on the floor
(approximately 3 m away), return to the chair
and sit down.

Table 1.4. The Edmonton Frail Scale (adapted from Rolfson et al. [132]).

The Clinical Frailty Scale (CFS) has been developed as part of the Canadian
Study of Health and Aging and was validated in 2005 [134]. This assessment
tool aims to measure frailty based on clinical judgment. The examiner has to
choose between 7 clinical categories ranging from “Very fit” (1 point) to “Severely
frail” (7 points) (see Figure 1.5., adapted from Rockwood et al. [134] and
Rockwood and Theou [135]). The CFS is also characterized by its rapidity and
may be readily administered in the perioperative setting. A recent study showed
a relatively close agreement between anesthesiologists and geriatricians when

using this test, particularly in non-frail and severely frail patients [136].
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VERY FIT People who are robust, active, energetic and motivated. They tend to exercise regularly and
are among the fittest for their age.

FIT People who have no active disease symptoms but are less fit than category 1. Often, they
exercise or are very active occasionally, e.g. seasonally.

MANAGING People whose medical problems are well controlled, even if occasionally symptomatic, but
WELL often are not regularly active beyond routine walking.

4 APPARENTLY This category marks early transition from complete independence. While not dependent on
VULNERABLE others for daily help, often symptoms limit activities. A common complaint is being “slowed
up” and/or being tired during the day.

MILDLY People who often have more evident slowing, and need help with high order instrumental
FRAIL activities of daily living. Typically, mild frailty progressively impairs shopping and walking
outside alone, meal preparation, medications, and begins to restrict light housework.

6 MODERATELY People who need help with all outside activities and with keeping house. Inside, they often
FRAIL have problems with stairs and need help with bathing and might need minimal assistance
with dressing.

SEVERELY Completely dependent for personal care, from whatever cause (physical or cognitive), or

FRAIL terminally ill.

Figure 1.5. The Clinical Frailty Scale (adapted from Rockwood et al. [134] and Rockwood and
Theou [135]).

Frailty and postoperative outcome

It is now well established that screening for frailty should be part of the
preoperative assessment as a key component to predict risk in surgical adult
patients. Indeed, frailty status has been shown to be an independent risk factor
for 30-day, 90-day, 180-day and 1-year postoperative mortality [137][138].
Regarding the prediction of post-surgical mortality, the CFS seems to be the best
to administer in a clinical setting. It had the largest effect size in a systematic
review and meta-analysis of 70 studies, displaying a greater than 4.5-fold
increase in the odds of death [128]. Besides, the CFS added significant
predictive value to a risk prediction model with age, sex, American Society of
Anesthesiologists (ASA) physical status and procedural risk, in a multicenter
prospective cohort of elective noncardiac surgery patients >65 years old [139].

Of course, other frailty instruments were also proved to be predictive of
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postoperative mortality. The EFS improved the prediction of 30-day mortality
over the use of Euroscore Il — a cardiac risk model for predicting mortality after
cardiac surgery — in an older population undergoing cardiac surgery [140]. As to
postoperative complications, the CFS was shown to be useful despite being
dethroned by the EFS and the Fried Phenotype for that matter [128]. In any case,
being frail was found to be associated to increased postoperative mortality,
complications and length of stay, regardless of the type of frailty tool performed
[137].

Evaluation of postoperative outcome

A poor outcome after surgery may be interpreted as any deviation from the
normal postoperative course. This would gather medical and surgical
postoperative complications. Of course, death is the worst possible outcome. To
evaluate and classify these postoperative events, we used the Clavien-Dindo
classification (Table 1.5., adapted from Dindo et al. [141]). In our work, we did

not regard grade 1 complications as meaningful events.

Of note, postoperative neurocognitive dysfunction is also considered a poor
postsurgical outcome, from a cognitive point of view. Yet, it requires a particular

assessment (see Section 1, Chapter 5).
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Grade 1 Any deviation from the normal postoperative course without the need for
pharmacological treatment, or surgical, endoscopic, and radiological interventions.
Allowed therapeutic regimens are drugs as antiemetics, antipyretics, analgesics,
diuretics and electrolytes, and physiotherapy. This grade also includes wound infections
opened at the bedside.

Grade 2 Requiring pharmacological treatment with drugs other than such allowed for grade |
complications.
Blood transfusions and total parenteral nutrition are also included.

Grade 3 Requiring surgical, endoscopic, or radiological intervention.

Grade 4 Life-threatening complications (including central nervous system complications)
requiring IC/ICU management.

Grade 5 Death.

Table 1.5. Clavien-Dindo classification (adapted from Dindo et al. [141]).
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Chapter 5. Perioperative cognitive function

Introduction

Aging does not spare the brain, obviously. The incidence of cognitive impairment
in the US population was estimated at 60 cases per 1000 persons-year [142]. It
makes thus sense that older adults presenting for elective surgery may be
affected by cognitive dysfunction. The proportion of preoperative cognitively
impaired patients turns around 20% to 50% (peaking up to 70% in a study
involving vascular surgery patients) [143][144]. Often, cognitive dysfunction is,
in fact, undiagnosed in these patients [145]. Yet, baseline cognitive impairment
in preoperative older patients is associated with postoperative complications,
increased length of stay, and mortality [146]. More specifically, postoperative
delirium and postoperative neurocognitive disorder incidence are higher and, by

themselves, known to be associated with increased mortality [147][148].

Perioperative anesthetic management must be adapted to the patient’s cognitive
status. Brain health thus represents a critical concern in older surgical patients
and makes pre- and postoperative cognitive screening of utmost importance
[149]. ‘Perioperative neurocognitive disorders’ is a global term referring to either
preoperative cognitive impairment, acute postoperative delirium, or
postoperative neurocognitive disorder diagnosed up to 12 months after the

surgery [150].

Preoperative cognitive testing

To date, there is no consensus on preoperative cognitive assessment. A
complete neuropsychological battery would undoubtedly be the best to perform
in terms of accuracy, sensitivity, and specificity. However, perioperative daily

reality usually does not match time- and resource-consuming tests.
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The Montreal Cognitive Assessment (MoCA) was created and validated by
Nasreddine and colleagues in 2005 [151]. Figure 1.6. shows a French-speaking
version. This screening test is easy to administer and takes about ten minutes.
The MoCA considerably outperforms the well-known Mini-Mental State
Examination in detecting early mild cognitive impairment with a sensitivity of 90%
vs. only 18% [151]. It has already been used in the surgical context and has
proved to be a reliable and feasible tool to screen for cognitive dysfunction
[144][145][152].

The Clock Drawing Test (CDT) is a simple cognitive screening instrument used
for over 30 years [153]. The task consists of drawing a circle and placing the
hands to indicate ten past eleven [154]. Performed alone, it may help detect
moderate or severe dementia, though being less reliable to diagnose milder
forms [155]. The CDT is actually a part of numerous cognitive assessments,
such as the MMSE or the MoCA. The Mini-Cog also comprises the CDT and a
delayed 3-word recall task. Low Mini-Cog scores were shown to predict delirium
in the postanesthesia care unit in older patients scheduled for elective surgery

under general anesthesia [156].
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Nom:
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Figure 1.6. The Montreal Cognitive Assessment (downloaded from
https://mocacognition.com/fr/)
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Postoperative neurocognitive disorders

Postoperative delirium is a common postsurgical complication in older adults,
which is defined as occurring within the first seven postoperative days or until
hospital discharge [150]. Confusion Assessment Method (CAM) is the most
routinely used test to screen for delirium [157]. Experiencing postoperative
delirium may be predictive of future dementia progression, postoperative
neurocognitive disorder as well as long-term cognitive decline [158]. Yet,
postoperative delirium and postoperative neurocognitive disorder are to be seen

as two distinct entities.

‘Postoperative neurocognitive disorder’ defines a decline in cognitive abilities
after surgery, which may be diagnosed between 30 days and up to one year
postoperatively [150]. The incidence is highly variable — estimated at around
10% in some studies but rising to 60% after cardiac surgery — depending on the
type of surgery, study population, type of cognitive testing, and follow-up periods
[159][160]. For diagnostic purposes, three elements must be considered to align
with DSM-5 criteria: subjective complaint, objective cognitive impairment, and
Instrumental Activities of Daily Living (IADLs). Regarding timing, the more
accurate period for cognitive testing is thought to be three months
postoperatively [161]. Indeed, this corresponds to the moment when anesthesia,
surgery, and hospitalization acute effects would be sufficiently disappeared and
thus not interfering. Similarly to preoperative cognitive testing, no consensus
exists on which exact instruments to use. The latter should objectively assess

the performance in specific cognitive domains [150].

The main goals of this thesis were, first, to evaluate whether olfactory
dysfunction could be a reliable predictor of poor postoperative outcome in older
patients and, second, to identify the potential underpinning mechanisms linking
olfactory impairment and increased death, notably by investigating the

connection with frailty, cognition, and telomere length.
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CORRELATION OF OLFACTORY
IMPAIRMENT WITH PREOPERATIVE
FRAILTY, PERIOPERATIVE
INDICATORS OF COGNITION AND
POSTOPERATIVE OUTCOME
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PART 1 - Preliminary “real-life” study in a group of older

patients undergoing all types of inpatient surgeries

Foreword

We began this research project with a deliberately simple protocol, which paved
the way for our perioperative olfactory journey. In less than four months, we were
able to recruit 162 older patients scheduled for any inpatient elective non-cardiac
surgery. We performed a quick olfactory identification test and assessed frailty
and cognition with the Edmonton Frail Scale just before surgery. We also tested

immediate postoperative olfaction in most of the patients.

This first part of the project had the advantage of quite rapidly delivering strong
results, which also helped improve and confirm the robustness of the upcoming

larger protocol that we were taking more time to implement.

Preliminary Confirmatory
« Real-life » = any inpatient surgery « Standardized » = aortic and lower limb vascular surgery / total hip
replacement surgery / spinal stenosis surgery
Inclusion period: July — October 2020 Inclusion period: March 2021 — December 2022
Data collection: July 2020 — October 2021 Data collection: March 2021 — December 2023
162 preoperative patients 65+ recruited 215 preoperative patients 65+ recruited
12-item Sniffin’ Sticks IDENTIFICATION test (SS-12) Sniffin’ Sticks EXTENDED test (SS-TDI)
Preop ‘ Day 1 1 Year Preop ‘ 3 Months 1 Year
S8-12 ‘ §8-12 Morbidity S§S-TDI ‘ T-MoCA Morbidity
x Mortality % Subjective cognitive Mortality
Edmonton Frail Scale l-le Edmonton Frail Scale 3 concerns
% Clinical Frailty Scale %
Clock Drawing Test » » Chapter 3
> Chapter 1 MoCA-30 ¢ P
> Chapter 4
> Chapter 2 Telomere length > Chapter 5

Comparative table between Part 1 and Part 2 protocols.
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Abstract

OBJECTIVES: Frailty has been suggested to take part in the recently
demonstrated link between olfactory dysfunction and overall mortality risk.
Preoperative assessment of frailty is essential to detect the most vulnerable
patients scheduled for surgery. The aim of this study was to evaluate whether
olfactory dysfunction is a reliable predictor of preoperative frailty and

postoperative outcome.

DESIGN: This was a single-center prospective observational study conducted

between July and October 2020 in Brussels, Belgium.

SETTING AND PARTICIPANTS: 155 preoperative patients aged from 65 years

old and scheduled for elective non-cardiac surgery.

MEASUREMENTS: Olfactory function was examined using the Sniffin’ Sticks
12-item identification test. Frailty was assessed using the Edmonton Frail Scale
(EFS) and handgrip strength. The clock drawing test (CDT) from the EFS was
also analyzed separately to evaluate cognitive function. Patients were followed

for postoperative complications and mortality over one year.

RESULTS: Olfactory dysfunction was significantly associated with the EFS
score, anosmic patients having a higher median EFS score than normosmic
patients (6[4-7] vs 4[2-5], p = .025). Anosmic patients had an increased odds of
being frail after adjusting for possible confounding factors (OR: 6.19, 95% CI:
1.65-23.20, p = .007) and were more at risk of poor postoperative outcome
(including complications and death) (OR: 4.33, 95% CI: 1.28-14.67, p = .018).

CONCLUSIONS: Olfactory dysfunction is associated with preoperative frailty

determined by the EFS and with poor post-surgical outcome at one-year.

Key words: olfaction, frailty, Edmonton frail scale, clock drawing test,

postoperative complications
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Introduction

Olfactory dysfunction is defined as impaired ability to smell, which may be
moderate (hyposmia) or severe (anosmia). This sensory loss, though rarely
evaluated clinically, increases in frequency with age making it quite common in
the older population [14]. Recently, olfactory dysfunction was shown to be
predictive of overall mortality in older adults [61][65][63]. The greater risk of death
depended on the severity of the olfactory dysfunction, with anosmic subjects
having a higher tendency to die than their hyposmic peers, which in turn were
more likely to die than normosmic individuals [61]. The reasons behind this
association are still unclear and may comprise neurodegenerative diseases, a
direct effect of olfactory dysfunction on nutrition, danger warning and social
interaction, general poor health and, last but not least, accelerated brain aging
which in fact represents a lowered physiologic repair function [12]. When
evaluating risk in older adults, frailty status is currently considered as more
relevant than chronological age and medical comorbidities, because frailty status
relates to available physiological reserves [140]. In particular, preoperative
assessment of frailty is crucial to detect the most vulnerable patients scheduled
for a surgical intervention [126]. Surgery acts as a heavy physical stressor,
making frail patients at greater risk of perioperative complications and mortality
(8). So far, only a few studies investigated olfactory dysfunction in light of frailty
status, making evidence still sparse [103][104][107][162][163]. Besides, no such

study has ever been conducted in a population of preoperative older adults.

The aim of this study was to evaluate whether olfactory dysfunction assessed
using the Sniffin’ Sticks 12-item identification test is associated with preoperative

frailty and postsurgical outcome.
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Method
Study Population and design

We conducted a prospective observational study at the Cliniques universitaires
Saint-Luc (Brussels, Belgium) between July and October 2020. The study
protocol was approved by the institutional Ethics Committee (2020/22JAN/050)
and was registered on https:/clinicaltrials.gov/ (NCT04700891). Written
informed consent was obtained from all participants after receiving an

explanation of the study.

The study included preoperative patients aged from 65 years old and scheduled
for inpatient minor, intermediate or major elective non-cardiac surgery under
general anesthesia (classified as such according to the European Society of
Anaesthesiology cardiovascular assessment guidelines) [164]. All types of
surgeries were considered with the exception of cardiac, head and neck surgery.
Patients were selected by looking into the surgical program and excluded at
screening if they had a history of neurological or psychiatric disorder, severe
head trauma, chronic rhinosinusitis, post-infectious olfactory loss, current acute
upper respiratory tract infection or any history of past or current COVID-19
infection. Refusal rate among potential participants was about 5-10%. Out of the
167 patients initially included, 5 were excluded at screening (meeting of an
exclusion criteria) and 7 did not effectively undergo surgery under general
anesthesia, resulting in a final sample size of 155 patients. Olfactory and frailty
assessments were performed on the day before surgery. The information
collected included demographic variables, education level, smoking status, age-
adjusted Charlson comorbidity index, American Society of Anesthesiologists
(ASA) physical status, history of active neoplasia and chemotherapy, and
number of daily medications since it is acknowledged that these variables may
interfere with olfaction and/or morbimortality. We also reported grade and

duration of surgery.
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Olfactory function assessment

Olfactory function was assessed using the Sniffin’ Sticks 12-item identification
test (Burghart Messtechnik GmbH, Wedel, Germany), which is a validated
psychophysical testing method [25]. The 12 odors were presented to the patients
using pen-like odor dispensing devices placed approximately 2cm in front of the
nostrils. The patients were asked every time to make a forced choice from lists
of four descriptors each. For each correct answer, one point was awarded and
points were added to obtain an olfactory score ranging from 0 to 12. They were
then classified in three groups according to their score: anosmia (<6), hyposmia
(7-10) and normosmia (=11). The assessment of olfactory function based solely
on the Sniffin’ Sticks 12-item identification test was chosen to allow a rapid

assessment that could be implemented as a routine clinical test [25].

Outcome measures
Evaluation of frailty status

The Edmonton Frail Scale (EFS) was used to determine frailty status of each
patient by evaluating nine domains: functional performance, cognitive function,
general health, functional independence, social support, used medications,
nutrition, mood and continence. The EFS is an instrument which can be
administered quickly by non-geriatricians [132]. It has been validated with
respect to geriatric specific screening tools [133] and is considered one of the
most appropriate preoperative frailty assessment tool [128]. Test results range
from 0 to 17 points, a higher score representing a higher level of frailty. The cut-

off value for frailty was defined as >6/17 [133].

The cognitive assessment of the EFS consists of a clock drawing test (CDT) in
which the circle of the clock face is already provided. The patients are asked to

put in all the numbers and to set the hands to 10 after 11. Besides the EFS
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evaluation, each clock was scored using Rouleau’s scale [154] in which 8 is the
maximum score and represents the best performance. We defined the patients
as either “cognitively intact” (score of >6/8) or “cognitively impaired” (score of
<5/8).

Maximal handgrip strength was measured to evaluate maximum voluntary hand
force using a digital Jamar-type handgrip dynamometer on both hands. The
highest of the two measures was used. Handgrip strength is known to be

significantly associated with sarcopenia and frailty [165].

Evaluation of postoperative complications and mortality

Patients were followed for postoperative complications and mortality during one
year after the date of the surgery, using the Clavien-Dindo classification [141].
Grade 1 complications (defined as minor risk events not requiring specific
therapy) were not considered as meaningful events. Grade 2 to 4 were listed as
“‘complications”. Grade 5 corresponded to “death of the patient”. Complication
and death events were grouped as “poor outcome”. The data was obtained using
local hospital medical records and the Belgian health network (if the patients had
authorized this medical record sharing) which allows an overall view of patients’

medical information.

Study endpoints

The endpoints of this study were : (1) to evaluate the association between
olfactory identification function using the Sniffin’ Sticks 12 item identification test
and, on the one hand, the EFS score, on the other hand, performance at CDT,
(2) to assess whether olfactory identification function is a predictor of
postoperative complications and mortality at one-year and to examine its

potential added value to frailty evaluation on postoperative outcome prediction.
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Statistical analysis

Data were analyzed using SPSS version 27.0. The Kolmogorov-Smirnov test
was used to check the normality of the data. Ordinal and continuous data were
not normally distributed and were expressed as medians (interquartile range).
Nominal variables were compared between frail and non-frail patients with a
Pearson y? test whereas ordinal and continuous data were compared using a
Mann-Whitney U-test. Baseline patient characteristics which were significant in
the univariable analysis at a threshold p value < .1 were entered into a
multivariable logistic regression model to predict the presence of frailty. Age and
gender were also added to the model given their known relationship with the
outcome and the other variables. A Kruskal-Wallis test was used to compare the
EFS score between categories of olfactory function. A Pearson y? test was used
to compare clock drawing test performance between categories of olfactory
function and multivariable logistic regression was used to predict poor cognitive
performance. Prediction of poor outcome at one year after surgery was analyzed
with binary logistic regression. We compared the performance of the olfactory
score and the EFS score to predict poor postoperative outcome by building up
receiving operating characteristic (ROC) curves. Logistic regression models and
ROC curves were adjusted for age and sex. Any p value < .05 was considered

significant.

Results

Study population

We included a total of 155 preoperative patients with a median age of 73 years
(68-78) and whereof 94 (60.6%) were female patients (Table 2.1.). 57 patients
(36.8%) were categorized as frail before surgery. Body mass index, education

level, smoking status, the presence of active neoplasia or recent chemotherapy
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did not differ between frail and non-frail patients. There was a tendency to a
higher age-adjusted Charlson comorbidity index score in frail patients (p = .089).
In the frail group, 34 patients (59.6%) were classified ASA physical status Ill or
IV whereas they were only 39 (39.8%) in the non-frail group (p = .017). Median
number of daily medications was significantly higher in frail patients (p = .002).
Overall, 44 patients (28.4%) had minor surgery, 96 (61.9%) had intermediate
surgery and 15 (9.7%) had major surgery, and these proportions were similar
across frailty groups. Median duration of surgery was not different between frail

and non-frail patients.

Characteristic Overall patients (n=155) Non-frail patients (EFS < 6) (n=98) Frail patients (EFS >6) (n=57) p Value
Age (y) 73 (68-78) 72 (68-77) 74 (69-80) 266
Female (%) 94 (60.6) 56 (57.1) 38 (66.7) 242
Body mass index 26.3 (23.4-30.1) 26.8 (23.3-30.5) 25.3(23.3-29.6) 424
Lower education level (%) (< 9 years) 71 (45.8) 41 (41.8) 30 (52.6) 151
Smoking 500
Non smoker (%) 88 (56.8) 54 (55.1) 34(59.7)

Former Smoker (%) 49 (31.6) 34 (34.7) 15(26.3)

Present smoker (%) 18 (11.6) 10 (10.2) 8(14.0)

Olfactory function 022
Normosmia 32(20.6) 26 (26.5) 6(10.5)

Hyposmia 101 (65.2) 62 (63.3) 39 (68.4)

Anosmia 22(14.2) 10 (10.2) 12 (21.1)

Number of daily medications 4(3-7) 4(2-6) 6 (4-8) 002
Active neoplasia (%) 57(36.8) 38 (38.8) 19(33.3) 498
Chemotherapy in the past year (%) 25(16.1) 13(13.3) 12(21.1) 204
Age-adjusted Charlson comorbidity index score 4(3-6) 4(3-5) 53-7) 089
ASA physical status 017
I-11 (%) 82(52.9) 59 (60.2) 23 (40.4)

HI-1V (%) 73 (47.1) 39 (39.8) 34 (59.6)

Grade of surgery 843
Minor (%) 44 (28.4) 29 (29.6) 15(26.3)

Intermediate (%) 96 (61.9) 59 (60.2) 37(64.9)

Major (%) 1509.7) 10(10.2) 5(88)

Duration of surgery (min) 152 (107-222) 155 (106-227) 150 (107-219) 936

Note. EFS = Edmonton Frail Scale; ASA = American Society of Anesthesiologists

Table 2.1. Baseline and operative characteristics of preoperative patients according to their
frailty status (evaluated by the Edmonton Frail Scale).

Association between preoperative olfactory function and frailty

Out of the whole study population, 32 patients (20.6%) were classified as
normosmic, 101 (65.2%) as hyposmic and 22 (14.2%) as anosmic. We found

that preoperative olfactory function differed significantly according to frailty
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status as defined by the EFS (p = .022). 21.1% of the frail patients (12/57) were
anosmic compared to only 10.2% of the non-frail patients (10/98). Parallel to
this, there was a higher proportion of normosmic patients in the non-frail group
(26.5%) in comparison to the frail group (10.5%).

Moreover, the EFS score was significantly related with the identification of
olfactory dysfunction: anosmic patients had a significantly higher median EFS

score than normosmic patients (6[4-7] vs 4[2-5], p = .025) (Figure 2.1.).
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Figure 2.1. Edmonton Frail Scale score according to preoperative olfactory function.

Multivariable logistic regression analysis was performed to associate olfactory
function and the presence of preoperative frailty, while adjusting for other
significant (p value < .1 in the univariable analysis) baseline patient
characteristics. The results are summarized in Table 2.2. When adjusting for
age, gender, comorbidities, ASA physical status and number of daily

medications, we found that anosmic patients still had an increased odds of being
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frail (odds ratio [OR]: 6.19, 95% CI: 1.65-23.20, p = .007). Hyposmia, however,

failed to remain significantly associated with frailty.

Variable Univariable Multivariable

OR 95% CI  pValue OR 95% CI  p Value
Olfactory identification function
Anosmia 520 1.53-17.64 008 6.19  1.65-23.20 007
Hyposmia 2578 1.03-7.22 044 255 0.89-7.26 081
Baseline characteristic
Age 1.03 0.98-1.08 220 1.02 0.97-1.08 466
Female 1.50  0.76-2.96 243 2.16 0.98-4.79 058
Age-adjusted Charlson comorbidity index score 1.14 0.99-1.30 067 1.01 0.84-1.20 932
ASA physical status ITI-IV 224 1.15-4.35 018 2.11  0.90-491 085
Number of daily medications 1.16 1.05-1.29 005 1.16 1.03-1.31 014

Note. OR = Odds Ratio; CI = Confidence Interval; ASA = American Society of Anesthesiologists

Table 2.2. Univariable and multivariable logistic regression analysis for prediction of
preoperative frailty, including preoperative olfactory identification function, age, gender and
baseline characteristics whose level of significance reached p value < .1 in the univariable
analysis.

The median maximum handgrip strength of normosmic patients (32.7kg) was
greater than that of hyposmic and anosmic patients (23.9kg and 26.0 kg), but

this difference was not significant.

Association between preoperative olfactory function and performance at

clock drawing test

Olfactory dysfunction was also associated with performance at CDT (x2(2) =
8.507, p =.014). The results are shown in Figure 2.2. 63.6% of anosmic patients
against only 25% of normosmic patients were categorized as “cognitively
impaired” based on the CDT score. Even when controlling for education level in
a multivariable logistic regression model, anosmia was still predictive of lower
performance at CDT (OR: 4.37, 95% Cl: 1.22-15.68, p = .024).
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Figure 2.2. Performance at clock drawing test according to preoperative olfactory function.

Association between preoperative olfactory function and outcome after

surgery

Within one year after surgery, 43 patients (28.1%) presented at least one
postoperative complication and 9 patients (5.9%) died. Among the 22 anosmic
patients, 9 (40.9%) suffered from a postoperative complication and 2 (9.1%)
died. Among the 101 hyposmic patients, 29 (29.3%) had a complication and 6
(6.1%) were dead. Only 1 (3.1%) of the 32 normosmic patients died and only 5

(15.6%) presented a postoperative complication.

In a logistic regression analysis, anosmic patients were found to be more at risk
of poor postoperative outcome (which comprised complications or death) than
normosmic patients (OR: 4.33, 95% Cl: 1.28-14.67, p = .018) (Figure 2.3., Model
1). When we controlled for frailty (using Edmonton Frail Scale score) in Model 2,
the effect of anosmia on poor outcome was decreased and did not reach
statistical significance (OR: 3.04, 95% CI: 0.86-10.78, p = .086). However, the

addition of an interaction term between olfactory function and frailty had no effect
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on this model. In Model 3, we adjusted for comorbidities (using age-adjusted
Charlson comorbidity index), which lowered only slightly the effect of anosmia
on poor outcome (OR: 3.76, 95% Cl: 1.08-13.07, p = .037).

We carried out ROC curve analyses for the EFS and the olfactory score to
evaluate their respective performance in predicting poor postoperative outcome.
The ROC curves showed similar patterns, displaying an area under the curve
(AUC) of 0.669 for both the EFS and the olfactory score. In our study, the positive
predictive value (PPV) of the EFS for having poor postoperative outcome was
48.2% and the negative predictive value (NPV) of not developing postoperative
complication or death was 74.2%. Yet, the PPV increased to 66.7% if the frail
patients were also classified as anosmic and the NPV increased to 84.6% if the

patients were both non-frail and normosmic.
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Odds ratio for poor postoperative outcome at 1 year

Figure 2.3. Odds ratio and 95% confidence intervals of logistic regression models predicting
poor postoperative outcome at 1 year from preoperative olfactory dysfunction (Model 1). Data
were adjusted for age and gender, for Edmonton Frail Scale score (Model 2) and for age-
adjusted Charlson comorbidity index score (Model 3).
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Discussion

This study is the first prospective observational study to investigate the
relationships between preoperative olfactory function, preoperative frailty and
postsurgical outcome in older patients. First, we show that preoperative olfactory
dysfunction (assessed using the Sniffin’ Sticks 12-item identification test) is
associated with preoperative frailty determined by the EFS and with poorer
cognitive performance in a population of older patients evaluated before they
undergo elective surgery. Our study also demonstrates a relationship between
olfactory dysfunction and poor postoperative outcome. Importantly, the
predictive value of the EFS on poor postoperative outcome was improved by

taking into account anosmia or normosmia classification.

Depending on age, tests and cut-offs used, frequency of olfactory dysfunction
differs a lot and may concern up to 3 out of 4 older adults [32]. Among our cohort,
we found 65.2% hyposmic patients and 14.2% anosmic patients using the

Sniffin’ Sticks 12-item identification test.

There was a clear link between olfactory function and the preoperative EFS
score, anosmia being associated with preoperative frailty and normosmia being
more prevalent in robust patients. Previous studies exploring smell and frailty
are sparse and may present methodological weaknesses [163]. A first study
conducted in 768 Japanese community-dwelling adults aged = 65 years failed to
find a significant association between self-assessed olfactory dysfunction and a
modified Fried’s frailty criteria [103]. Another study including 1035 Italian
subjects of the same age range showed a relationship between self-assessed
olfactory dysfunction and Fried’s frailty criteria [107]. Both these studies suffer
from the subjectivity of self-assessing olfaction [16]. Harita et al used a
Japanese-adapted 12-item identification test in 141 community-dwelling older
adults. They found a significant correlation between olfactory impairment and the

Study of Osteoporotic Fractures index of frailty [104]. Lastly, Bernstein et al also
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demonstrated a strong association between olfactory dysfunction (examined
with an 8-item identification test) and a 39-item frailty index in their study
totalizing 3547 participants aged = 40 years [162]. These two latter studies were
cross-sectional studies and data were reported by the participants, which could

have led to some biases.

Nevertheless, our results are in line with those data and thus contributes to the
validation of olfactory dysfunction as being associated with frailty. In the
multivariable model, we controlled for comorbidities and for ASA physical status
which did not attenuate the relationship between anosmia and frailty. Harita et al
also found that the results were not modified by adjusting for health-related

confounding factors [104].

Olfactory dysfunction is a well-known biomarker for neurodegenerative
diseases, suggesting more largely a substantial link with cognition [46,48]. In our
study, anosmic preoperative older adults were more likely to exhibit lower scores
at CDT, which supports the possibility that olfactory dysfunction may relate to
preoperative cognitive impairment. Recently, the concept of cognitive frailty has
emerged associating physical frailty and cognitive impairment [166]. The two
latter are thought to share the same mechanisms and to both lead to poor
outcome [167]. Therefore, this might account for the fact that olfactory

dysfunction is associated with both frailty and cognitive impairment in our data.

In our cohort, over the year that followed surgery, 28.1% of the patients
developed a complication and nearly 6% died. Obviously, the figures of
perioperative morbidity and mortality varies greatly in the literature according to
type of surgeries, the type of patients and the urgency of surgery. Given our
“real-life” older population, the wide range of surgeries performed with an
elective setting, these outcome data seem comparable to other studies
[168,169,170]. Importantly, we show that anosmia is a predictor of poor

postoperative outcome. In our cohort, the small number of death events
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precludes any valuable conclusion on its own. Yet, regarding complications,

incidence was 2.5 times higher in anosmic than in normosmic patients.

The present results in a perioperative context brings more evidence to the
previously described link between olfactory dysfunction and mortality [12]. Also,
our results may shed some light on the underlying mechanisms. Controlling for
frailty in the prediction of poor postoperative outcome strongly decreased the
effect of anosmia on postsurgical outcome. We also adjusted for comorbidities
in a different model, which had in this case less effect on anosmia. In a study
including 125 older patients undergoing elective surgery, it was found that age
and the EFS score were the only variables to remain statistically significantly
associated to postoperative complications, unlike various medical comorbidities
[171]. All this suggests a prominent role of frailty in mediating the association
between olfactory dysfunction and bad outcome. On the other hand, the effect
of general poor health, that is, suffering from multiple comorbidities, seems of

less importance.

Not surprisingly, we noted a quite poor performance of both the EFS and the
Sniffin’ Sticks 12-item identification test when building ROC curves to further
predict the presence of poor postoperative outcome. Obviously, postoperative
outcome does not depend exclusively on frailty. Furthermore, frailty assessment
will always remain tricky, explaining why so many different frailty instruments
currently exist in the literature without a single one being truly a silver bullet.
What is more interesting was the added value of anosmia or normosmia on the
predictive values of the EFS. Olfactory testing, as a quick bedside tool,
demonstrates here its potential clinical value and could thus add up to the

available battery of frailty tests.

It is important to recognize some limitations of our study. First, our cohort may
suffer from a small sample size, which limited power in some analyses, notably
concerning 1-year mortality rate. Second, our preoperative population as well as

the type of surgery was very diversified and may lack standardization in order to
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improve specificity in the outcome results. Third, follow-up was based on chart
review and may thus have missed some postoperative events. Finally, patients
did not systematically take a COVID-19 PCR-test before surgery, which could

have led to some confounding bias regarding olfactory function.

Conclusion

In conclusion, we bring new evidence regarding the link between olfaction, frailty
and postoperative outcome. Olfactory dysfunction is definitely associated with
preoperative frailty, which, in turn, seems to play a key role in mediating the
relationship between olfactory dysfunction and poor outcome. From a clinical
perspective, quick assessment of olfactory status seems to improve the
performance of frailty evaluation in the prediction of postsurgical outcome.
Larger prospective studies with more standardized population are needed to

strengthen these findings.
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Preoperative olfactory identification dysfunction is
independently correlated with physical frailty in older
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Graphical summary of the main findings from Chapter 1.
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Abstract

Background: Decline in olfaction may occur after general anesthesia, but the
exact incidence and underlying physiopathology remain scarcely investigated.
Olfactory dysfunction arises with aging and is known to be linked to cognitive
impairment. In this pilot study, we evaluated the incidence of immediate
postoperative decline in olfaction and its association with a preoperative
cognitive test, performance at Clock Drawing Test (CDT), in a group of older

patients.

Methods: This pilot study is a sub-analysis of a prospective observational study.
Patients > 65 years old and scheduled for elective non-cardiac surgery under
sevoflurane-based anesthesia were enrolled. CDT was part of the preoperative
evaluation. We assessed olfaction on the day before and the day after surgery
(between 16 and 26 hours postoperatively) using the Sniffin’ Sticks 12-item
identification test, which consists of pen-like devices displaying 12 different
odors. Postoperative decline in olfaction was defined as a decrease of at least 1

standard deviation in the olfactory score.

Results: We included a total of 93 patients, among whom 19 (20.4%) presented
a postoperative decline in olfaction. The incidence of postoperative decline in
olfaction was higher in the “CDT low-score” (score <5/8) group (11/34, 32.4%)
than in the “CDT high-score” (score >6/8) group (8/58, 13.6%) (P = 0.030).
Despite adjusting for confounding variables, CDT score remained independently
associated with immediate postoperative decline in olfactory identification
function (OR 0.67, 95% CI1 0.48 to 0.94, P = 0.022).

Conclusions: Postoperative decline in olfaction occurred in 20.4% of older

patients and was associated with poor preoperative performance at CDT.
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Trial Registrations: This study was retrospectively registered on
https://clinicaltrials.gov/ under the NCT04700891 number (principal investigator
: Victoria Van Regemorter), in December 2020.

Keywords : Olfaction, Clock Drawing Test, aged, preoperative cognitive
function, postoperative complications
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Background

The sense of smell contributes to social communication, guides nutrition
behavior and is crucial to detect daily life hazards [13]. Olfactory dysfunction may
thus have a severe impact on health and quality of life. Incidence of olfactory
dysfunction increases with age, as a result of several mechanisms: exposure to
toxins or drugs, infection, trauma, but also brain aging and neurodegenerative
diseases [12,172].

Decline in olfactory function has been reported as a complication of general
anesthesia for all types of surgeries, however its frequency and physiopathology
remain largely unknown. Several reports have been published over the years,
mainly describing isolated cases of patients with sudden postoperative onset of
medium to long-lasting olfactory or gustatory dysfunction
[173,174,175,176,177]. On the other hand, some small-sized studies have
shown a possible detrimental effect of the use of sevoflurane compared to other
anesthetic agents on immediate postoperative olfactory function
[178,179,180,181]. In a recent study, age was correlated to poorer postoperative
olfactory performances, thereby suggesting interactions between cognitive
impairment, which is more prevalent with age [182], and olfactory dysfunction
[183].

To evaluate the incidence of immediate postoperative decline in olfaction and to
address whether it is associated with preoperative cognitive performance, we
performed a pilot study. We realized a sub-analysis of a previously published
prospective observational study in older patients undergoing various types of
elective non-cardiac surgery under sevoflurane-based anesthesia [184]. We
hypothesized that preoperative performance at the Clock Drawing Test (CDT) —
which engages multiple cognitive functions, including visuoconstructive abilities,
executive function and semantic memory [185], and is used for the preoperative

assessment of cognition [186] — would be related to postoperative decline in
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olfactory identification score. Moreover, we aimed at investigating the potential
relationship between intraoperative administered drugs doses and worse

postoperative olfaction.

Methods
Study population and protocol

This pilot study is a sub-analysis of a prospective observational study conducted
at the Cliniques universitaires Saint-Luc (Brussels, Belgium) between July and
October 2020 [184]. The whole study protocol was approved (2020/22JAN/050)
by the institutional Ethics Committee of Cliniques universitaires Saint-Luc,
Université catholique de Louvain, Brussels, Belgium (Chairperson J.-F.
Maloteaux) on 3 March 2020. At that time, the authors were not aware of the
recommendation to register prospective observational studies. It was therefore
registered retrospectively on https://clinicaltrials.gov/ under the NCT04700891
number (principal investigator : Victoria Van Regemorter,
https://beta.clinicaltrials.gov/study/NCT04700891), in December 2020. All
participants gave their written informed consent. This manuscript adheres to the
applicable STROBE guidelines.

The complete study protocol has been described previously [184]. The aims of
the primary trial were to correlate preoperative olfactory identification function
with frailty and cognitive performance, assessed by the CDT, as well as with
postoperative outcome. Inclusion criteria were patients aged > 65 years old who
were scheduled for all minor, intermediate or major inpatient non-cardiac surgery
under sevoflurane-based anesthesia. Head and neck surgery patients were not
included since postoperative olfactory dysfunction may occur as a surgical
complication. Exclusion criteria were as follows: history of neurological (including
any type of diagnosed dementia) or psychiatric disorder, severe head trauma,

chronic rhinosinusitis, post-infectious olfactory dysfunction or current acute
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upper respiratory tract infection. Any history of past or current COVID-19
infection was also an exclusion criterion, which was verified either by a PCR-test
taken just before the surgery or by interrogating the patient about any related

symptoms, especially, any recent change in smell or taste abilities.

We performed preoperative and postoperative olfactory assessments.
Preoperative olfactory testing was realized on the day before surgery and was
also accompanied by a frailty assessment including an evaluation of cognitive
performance. Postoperative olfactory testing was realized on the day after the
surgery, so that all patients took their test between 16 and 26 hours after their
surgery. In order to get the same conditions for pre- and postoperative tests,
both were realized in the patient's room. Three physicians were trained
specifically together to administer the tests in the exact same way and always
made sure to get a calm and uninterrupted testing session with the patients.
None of the patients tested postoperatively were delirious when the olfactory test

was carried out.

All patients received general anesthesia with intravenous induction followed by
maintenance with sevoflurane. Induction agents were left to the discretion of the
anesthesiologist in charge of the patient. Sevoflurane maintenance dose was
adjusted by achieving end-tidal concentration equivalent to 1 age-adjusted MAC.
All the patients received proper routine intraoperative care using an
individualized approach depending on each patient's comorbidities.
Vasopressors were administered whenever needed to maintain adequate
hemodynamics. Protective ventilation was administered to all patients and the
target for end-tidal carbon dioxide ranged between 35 and 45 mmHg.
Normothermia was maintained with forced-air warming or fluid warming
systems. Patients were extubated at the end of the surgical procedure then
transferred to the post-anesthesia care unit. We did not record any intra-or
postoperative major event regarding hemodynamics or ventilation. No patient

was admitted to the intensive care unit in the immediate postoperative period.
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Predictor variables

All patients had a preoperative frailty evaluation with the Edmonton Frail Scale,
since constituting the primary outcome of the initial study [184]. In this sub-
analysis, we focused on the Clock Drawing Test (CDT), which is part of the
Edmonton Frail Scale, as preoperative cognitive testing. In this test, the circle of
the clock was already provided, and the patients were asked to put in all the
numbers, then to set the hands to 10 after 11 [132]. The CDT increases total
Edmonton Frail Scale score by one point for minor spacing errors and by two
points for other errors. However, to improve scoring accuracy, each clock was
also scored separately from the Edmonton Frail Scale using Rouleau’s scale
[154], in which 10 is the maximum score and represents the best performance.
A score of <7/10 usually indicates significant cognitive impairment [155]. Indeed,
normative data obtained for French-Quebec healthy older adults confirmed that
the score of 7 represents at most the 10th percentile in the oldest, thus reflecting
at least mild cognitive impairment [187]. Here, we removed the two points
originally awarded for the adequate drawing of the clockface from both the total
score and the cut-off. Patients were thus categorized in the “CDT high-score”
group when their score was 6 or more or in the “CDT low-score” group when

scoring <5/8.

Moreover, we recorded the doses of anesthetic as well as analgesic intravenous
drugs administered intra- or postoperatively in our patients and suspected to
have a potential influence on olfactory function [54,176,188]. Duration of surgery,
reflecting duration of sevoflurane exposure, was also reported. Other
information collected included demographic variables, education level and
American Society of Anesthesiologists (ASA) physical status. Grades of the
surgeries were classified according to the European Society of Anesthesiology

cardioavascular assessment guidelines [164].
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Outcome variable
Olfactory function assessment

Olfactory function was evaluated with a validated psychophysical testing
method that is the Sniffin’ Sticks 12-item identification test (Burghart
Messtechnik GmbH, Wedel, Germany), which does not include the
evaluation of the threshold and discrimination modalities of olfactory function.
This olfactory identification test consists of pen-like odor dispensing devices
displaying 12 different odors (see Figure 2.4.), namely orange, leather,
cinnamon, peppermint, banana, lemon, licorice, coffee, cloves, pineapple,
rose and fish. The pens were consecutively placed approximately 2cm in
front of the nostrils for approximately 3 s, and the patients were then asked
to make a forced choice from lists of four descriptors each. The descriptors
were written down on cards presented in front of the patient. For each correct
answer, one point was awarded and points were added to obtain a final
olfactory score ranging from 0 to 12. Since there is a 25% probability of a
random correct answer for each pen, chance by itself would already provide
on average a total score of 3 points out of 12. Patients scoring 3 or less at

preoperative olfactory test were excluded.

The preoperative and postoperative olfactory identification tests were
identical. To minimize test-retest bias, the patients were not told about their
test results during the preoperative assessment. We calculated
postoperative change in olfactory identification score as the numerical
difference of postoperative olfactory identification score minus preoperative
olfactory identification score. We then defined postoperative decline in
olfactory identification score as a decrease of at least 2 points (corresponding
to one standard deviation relative to the average change across all patients).

Conversely, a better postoperative performance in olfactory identification
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score was characterized as an increase of at least 2 points (i.e. one standard
deviation). A difference of zero or one point was considered unsignificant

change.

Figure 2.4. The Sniffin’ Sticks 12-item identification test (Burghart Messtechnik GmbH, Wedel,
Germany). This test consists of 12 pen-like odor dispensing devices, each displaying a
different odor. The patient is asked each time to make a forced choice from a list of 4

descriptors. Total olfactory score ranges from 0 to 12 points, where 12 is the best score.

Statistical analysis

The main objectives were to assess the incidence of postoperative decline in

olfactory identification function and to evaluate its association with preoperative
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performance at CDT, as cognitive testing. Furthermore, we analyzed the
association of intraoperative drugs doses with postoperative decline in olfactory
identification function. We did not realize any power analysis for the aims of this
pilot study since it was considered exploratory. Data were analyzed using SPSS
version 27.0. The Kolmogorov-Smirnov test was used to check the normality of
the data. Continuous data were not normally distributed and were expressed as
medians (interquartile range). Comparisons between the “CDT high-score”
group and the “CDT low-score” group were realized with a Pearson 2 test for
nominal variables and with a Mann-Whitney U-test for continuous variables. We
used univariable and multivariable binary logistic regression analyses to assess
the relationship between CDT score and the presence of postoperative decline
in olfactory identification score. For these regression analyses, we considered
any potential confounding variables regarding olfactory function (age, gender) or
postoperative cognitive function (level of education, ASA physical status, surgery
grade). The secondary objective was to compare intraoperative drugs doses
between the patients who presented a postoperative decline in olfactory
identification function and the patients who did not. Continuous data were
compared using a Mann-Whitney U-test. The presence of patient-controlled
intravenous analgesia in the ward was compared with a Pearson y? test. Any P

value < 0.05 was considered significant.

Results

We finally included 93 patients for the purposes of this pilot study (see flowchart
on Figure 2.5.). In total, when considering the whole cohort, median
preoperative olfactory identification score was 10 [8,11] compared to 9 [8,11]
after the surgery. Individual postoperative change in olfactory identification
scores is detailed in Figure 2.6A. Among all patients, 19 (20.4%) presented a
postoperative decline in their olfactory identification, making from 2 to 4 more

errors compared to their preoperative test. 68 patients (73.1%) did not
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significantly change their postoperative score. A better postoperative
performance was only observed in 6 (6.5%) patients who increased their

olfactory score by 2 to 4 points.

Preoperative patients aged > 65 years old scheduled for
inpatient non-cardiac surgery, screened for eligibility
n=180

EXCLUDED (n = 18)
- Ineligible
— - History of neurological disorder
- History of past COVID-19 infection
- Refused to participate

= WwN

3 3 3
nn n
w

Total patients recruited

n=162
EXCLUDED (n=7)
- Preoperative olfactory score of <3/12 n=4
> - Surgery eventually not performed under general anesthesia n=7
- Postoperative testing not realized (organizational issues) n=58

v

Total patients finally
included for analysis
n=93

Figure 2.5. Study Flowchart. This pilot study is a sub-analysis of a prospective observational
study. Final sample size is 93 patients.

Baseline and operative characteristics of all the patients are summarized in
Table 2.3. Median age was 72 years old [68,78] and women comprised 58.1%
of the cohort. Patients were classified in two groups according to their
preoperative performance at CDT, as described beforehand. Age, gender and
body mass index were similar between the two groups. Among the “CDT low-
score” group, 52.9% of patients (18/34) had a lower education level whereas
they represented only 32.2% (19/40) of the “CDT high-score” group (P = 0.049).

ASA physical status and grades of surgeries also did not differ significantly.

Preoperative performance at the CDT was associated with postoperative decline

in olfactory identification (x2 (1) = 4.69, P = 0.030). The results are shown in
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Figure 2.6B. 32.4% of the patients in the “CDT low-score” group (11/34)
presented a postoperative decline in olfactory identification against only 13.6%
(8/59) in the “CDT high-score” group.

“l L] P=0.030

n=68 51 (86.4%)
(73.1%) of
O No significant change o
i @ Decline £ | W Decline
€ @ Improvement .g M No decline
[ ©
E=1 a
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A Postoperative change in olfactory identification score B « CDT high-score » «CDT low-score »
s 8 ry (score > 6/8) (score <5/8)

Figure 2.6. Postoperative change in olfactory identification score. (A) Individual distribution.
The axis line of the histogram represents the numerical difference of postoperative minus
preoperative olfactory identification score. (B) Comparison according to preoperative
performance at Clock Drawing Test. The “Decline” category represents patients showing a
postoperative decline in olfactory identification score of at least one standard deviation
(corresponding to a 2 point decrease). The “No decline” category gathers patients presenting
either no significant postoperative change or a postoperative increase in olfactory
identification score. CDT, Clock Drawing Test.

Characteristics “CDT high-score” group “CDT low-score” group PValue
(n=59) (n=34)
Age, year 72.0(68.0,78.0) 7251[69.0,77.0] 0933
Female, n (%) 33(55.9) 21(61.8) 0.583
Body mass index, kgm™ 26.7 [23.7,30.8] 27.2[24.,30.1] 0.854
Education level, n (%) 0.049
Lower (<9 years) 19(32.2) 18(52.9)
Higher (>9 years) 40 (67.8) 16 (47.1)
ASA physical status, n (%) 0.277
1—II 35(59.3) 24 (70.6)
1] 24 (40.7) 10(294)
Grade of surgery, n (%) 0912
Minor 15(25.4) 9(26.5)
Intermediate / Major 43(729)/1(1.7) 25(73.5)/0(0.0)

Data are expressed as median [IQR] or number (%). CDT Clock Drawing Test, ASA American Society of Anesthesiologists

Table 2.3. Baseline and operative characteristics of patients according to their performance

at Clock Drawing Test.
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Univariable and multivariable logistic regression analyses were performed for
the CDT score and other potential confounding variables to evaluate their
association with the presence of postoperative decline in olfaction (Table 2.4.).
After adjustment for age, gender, education level, ASA physical status and grade
of surgery, CDT score remained a significant predictor variable. The higher the
CDT score was, the lesser were the odds of presenting a postoperative decline
in olfactory identification score (OR 0.67, 95% CI1 0.48 to 0.94, P = 0.022). In the
univariable analysis, ASA physical status Ill was the only other variable to be
significantly associated with the presence of postoperative decline in olfaction
(OR 3.05, 95% CI 1.08 to 8.59, P = 0.035). However, statistical significance was

lost in the multivariable model.

Variable Univariable Multivariable
OR 95% CI PValue OR 95% CI PValue

CDT score 0.72 0.53-0.99 0.040 067 0.48-0.94 0.022
Age 1.03 0.95-1.11 0472 1.03 0.95-1.12 0510
Female 0.76 0.28-2.09 0.591 0.86 0.27-2.74 0.803
Lower education level (<9 years) 0.86 0.30-242 0.769 0.70 0.22-2.25 0.550
ASA physical status Ill 3.05 1.08-8.59 0.035 321 1.00-10.30 0.051
Intermediate or major surgery 0.70 0.23-2.10 0.520 0.87 0.26-2.89 0.822

OR Odds Ratio, C/ Confidence Interval, CDT Clock Drawing Test, ASA American Society of Anesthesiologists

Table 2.4. Univariable and multivariable logistic regression analysis for the prediction of a
postoperative decline in olfactory identification score.

We also aimed at analyzing the association between drugs and postoperative
decline in olfactory identification score. Overall, median duration of sevoflurane
exposure was 146 minutes (ranging from 103 to 213 minutes) and was similar in
patients with or without a postoperative decline in olfaction. Sufentanil, ketamine,
midazolam and rocuronium doses did not differ between the two groups of
patients. On the contrary, median propofol dose (mg/kg) was significantly higher
in patients suffering from a postoperative decline in olfactory identification score
(2.03 IQR [1.54 to 2.76] vs 1.67 IQR [1.21 to 2.02], P = 0.025). Postoperative

morphine consumption was not statistically different between both groups.
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Discussion

The results of this pilot study in a group of older patients undergoing non-cardiac
surgery under general anesthesia with sevoflurane show that 20.4% of patients
experience a decline in their olfactory identification function on the first
postoperative day compared to their preoperative score. Hernandez et al.
analyzed changes in global olfactory function (threshold, discrimination and
identification modalities) in the perioperative context in a group of 73 patients
[183]. In contrast to our results, they had a worse postoperative global
performance of olfactory function in only 5% of their cohort. This difference might
be explained partly by the fact that among their 73 patients, only 62 received
general anesthesia. Otherwise, their study population was younger (mean age
of 51 years old). Interestingly, they observed an overall slight increase in
postoperative mean olfactory identification score, which they explained by the
known test-retest effect [19]. On the contrary, concerning the postoperative
olfactory threshold test, they found that the positive test-retest effect decreased
with age. Although we used an olfactory identification test, this age effect could
contribute to the greater postoperative decline in our older cohort. Overall, we
show a decrease in median olfactory identification score on the first
postoperative day, which corroborates existing studies showing similar results
either at 3 hours [178,179,180] or, using the discrimination modality, within 15
hours [181] postoperatively. In two of them, olfactory results were retested again
at least 3 days postoperatively and came back to baseline [179,180]. In the study
from Hernandez and colleagues, postoperative testing occurred later (6
postoperative days on average) and this could have also contributed to the

discrepancy of their results [183].

Poor preoperative performance at the CDT was independently associated with
immediate postoperative decline in olfactory identification function, even after
adjusting for potential confounding variables. Olfactory identification assessment

is a quite simple test, which had already been taken the day before the surgery
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in our patients, but might still constitute a cognitively demanding task. Of note, it
requires both a neurological pathway to “sense” the odor but also higher order
cognitive abilities — in particular semantic and executive functions — to identify
and eventually name the odor [189,190]. Besides, the results emerging from our
primary study showed a clear correlation between preoperative olfactory
dysfunction and poor performance at CDT, also supporting the close relationship
between olfaction and cognition [184]. Yet, poor performance at CDT before
surgery has been shown to increase the risk of developing postoperative delirium
[191,192]. The stronger reduction in olfactory identification performance on the
day following general anesthesia in poor CDT performers at baseline could thus
merely reflect a transient decrease in postoperative cognitive abilities, occurring

more often in patients with preoperative altered cognition.

Being classified as ASA physical status Ill has already been demonstrated to be
an independent predictor of postoperative neurocognitive disorder in older
patients [148,193,194]. Here, we show an association with worst postoperative
olfactory function, though narrowly failing to reach the significance level in the
multivariable model, likely because of a lack of power. Therefore, our findings
may again support the hypothesis of postoperative olfactory performance being
related to postoperative cognitive capacities. Without any pretension to replace
a more complete cognitive examination (e.g., the Montreal Cognitive
Assessment [160]), olfactory identification testing could potentially constitute a

simple and quick clinical bedside tool to assess perioperative cognition.

Not surprisingly, we noted a link between a lower education level and worse
performance at CDT. Preoperative cognitive testing is known to be influenced
negatively by a low level of education [143], and this was specifically shown for
the CDT [195]. Nevertheless, lower education level was not associated with
postoperative decline in olfaction and did not seem to affect the association with

CDT score in the multivariable analysis.
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In our study, intraoperative propofol doses were statistically higher in patients
with a postoperative decline in olfactory identification function. Propofol has
been incriminated in a few case reports as being responsible for postoperative
olfactory dysfunction through its activation of gamma-aminobutyric acid type A
(GABAA) receptors [176,177], the latter being abundantly found in olfactory-
related brain regions [196]. Beside the absence of real evidence supporting this,
the difference of less than 0.5mg/kg found between our two groups does not
seem clinically significant. As to ketamine, which is thought to influence
postoperative cognition [197], the relatively small doses administered in the
present cohort did not affect the results. Whether sevoflurane impacts negatively
postoperative olfactory function still remains a matter of debate. Our data show

that this potential effect, if any, is not related to the duration of exposure.

This study suffers from some limitations. First, this study was exploratory and
was a sub-analysis of a larger prospective study, therefore power calculations
were not realized specifically for the present aims. In addition, this study was
registered retrospectively due to unawareness of registration policy. Second,
preoperative cognitive function was evaluated on the sole basis of the CDT [185].
But, despite being neither time nor resource consuming, it does not assess all
these cognitive domains with the same precision as a complete neurocognitive
battery. Moreover, the method of removing from the total CDT score the 2 points
originally allocated for the drawing of the circle has never been validated.
Similarly, olfactory testing was limited to the identification modality without
including an evaluation of olfactory detection thresholds and discrimination
performance. Third, the timing of the postoperative olfactory identification test
had a 10-hour range which may have lowered the precision of our observations.
Also, performing a second more delayed postoperative assessment of olfaction
could have shown whether the observed decline in olfactory identification
remained over time. Fourth, pain or anxiety inherent to the upcoming surgery
might have had an influence on patients’ performance at preoperative testing.

Fifth, we did not collect intraoperative burst suppression data and depth of
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anesthesia monitoring was not used. This means we did not analyze anesthesia

depth and thereby its possible impact on postoperative cognition.

Conclusions

In summary, this pilot study shows a decline in immediate postoperative olfactory
identification function in around 20% of older patients scheduled for elective non-
cardiac surgery under sevoflurane-based anesthesia. This was associated with
poor preoperative performance at the CDT. Whether this decline in
postoperative olfaction may be related to poor postoperative cognitive abilities
and whether it may persist over time deserve future attention. Larger prospective
studies with more comprehensive perioperative cognitive and olfactory testing

should bring more insights to these preliminary data.
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Graphical summary of the main findings from Chapter 2.
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PART 2 - Confirmatory study in standardized groups of
older patients undergoing three types of inpatient

surgeries

Foreword

The second part of the project consisted of an extensive study following a more
comprehensive protocol. In particular, the preoperative testing session intended
to assess olfactory function, frailty status, and cognitive function more
profoundly. The recruitment phase started in March 2021 and lasted nearly two
years. We enrolled a total of 215 older patients scheduled for three selected
types of elective surgery: aortic and lower limb vascular surgery, total hip
replacement surgery, and lumbar spinal stenosis surgery. By restricting the
surgeries, we aimed to have standardized study groups containing a certain kind

of population undergoing surgery with its specific postoperative course.

In this study, we evaluated the three modalities of olfaction, hoping to get the
most out of this neurologic function. Indeed, we only tested identification in our
first trial [184], which was also the case in most of the previously published
studies [12]. In addition to the Edmonton Frail Scale test, we decided to use the
Clinical Frailty Scale to investigate frailty in our cohort. Given its feasibility and
proven association with postsurgical mortality, this second tool recently gained
more popularity in perioperative medicine [128]. Therefore, one of the objectives
of Chapter 3 was to explore deeper and validate this strong relationship we had
previously demonstrated between olfaction and frailty. More importantly, we
aimed to examine preoperative olfactory dysfunction's potential to predict
postoperative complications and, furthermore, to compare it to frailty's predictive
ability. Since one-year data collection is not yet completed, the data presented

in this chapter are still preliminary.
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Olfactory and cognitive functions are undeniably linked to each other and are
both likely to be affected by aging. Perioperative neurocognitive disorders are
associated with a higher incidence of morbidity and mortality, which makes their
prevention, diagnosis, and management of utmost importance for older patients
needing surgery [149]. Yet, frailty and preoperative cognitive dysfunction are
thought to be risk factors for developing postoperative neurocognitive disorder
(PND) [160][198]. In this larger study, we obtained a more extensive cognitive
assessment by administering the Montreal Cognitive Assessment (MoCA) in the
preoperative period but also three months after surgery. We also insisted on
asking the patients about the subjective complaints they might have experienced
in the postoperative period. Our objective in Chapter 4 was to investigate

whether preoperative olfactory function predicts PND in cognitively healthy older

patients.
Preliminary Confirmatory
« Real-life » = any inpatient surgery « Standardized » = aortic and lower limb vascular surgery / total hip
replacement surgery / spinal stenosis surgery
Inclusion period: July — October 2020 Inclusion period: March 2021 — December 2022
Data collection: July 2020 — October 2021 Data collection: March 2021 — December 2023
162 preoperative patients 65+ recruited 215 preoperative patients 65+ recruited
12-item Sniffin’ Sticks IDENTIFICATION test (SS-12) Sniffin’ Sticks EXTENDED test (SS-TDI)
Preop ‘ Day 1 1 Year Preop ‘ 3 Months 1 Year
§8-12 ‘ §8-12 Morbidity SS-TDI ‘ T-MoCA Morbidity
z Mortality z Subjective cognitive Mortality
Edmonton Frail Scale g Edmonton Frail Scale 3 concerns
% Clinical Frailty Scale I
it 2
Clock Drawing Test » MoCA30 » s C hap ter 3
> Chapter 1 o
— Chapter 4
> Chapter 2 Telomere length — Chapter 5

Comparative table between Part 1 and Part 2 protocols.
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Methods
Study population and protocol

This prospective observational study was approved by the Institutional Ethics
Committee of Cliniques universitaires Saint-Luc, Université catholique de
Louvain, Brussels, Belgium, on March 3 2020. The study protocol was
registered on https://clinicaltrials.gov/study/NCT04761458 in February 2021.
This study started in March 2021 and was conducted at the Cliniques

universitaires Saint-Luc. Written informed consent was obtained for all patients.

We enrolled patients aged 65 and older scheduled for three types of elective
surgery under general anesthesia: aortic and lower limb vascular surgery, total
hip replacement surgery, or lumbar spinal stenosis surgery. The exclusion
criteria were patients with a history of neurologic disorder (including any type of
diagnosed dementia or cognitive impairment), psychiatric disease, severe head
trauma, sino-nasal disease or surgery, and any diagnosed olfactory loss. History
of COVID-19 was not an exclusion criterion, but patients with a recent COVID-
19 infection (< 3 months) or subjective residual olfactory dysfunction were

excluded.

The patients underwent a testing session the day before the surgery, covering
olfactory, cognitive, and frailty assessments. All surgeries were realized under
general anesthesia. The choice of induction and maintenance agents was left to

the anesthesiologist in charge.

Olfactory function assessment

We used the Sniffin' Sticks extended test (Burghart Messtechnik GmbH, Wedel,
Germany) to evaluate the olfactory function of the preoperative patients. This
psychophysical test is a routinely used validated method and consists of three

subtests using pen-like odor dispensing devices [19]. The examiner places the
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sticks approximately 2 cm in front of the nostrils. First, the odor threshold for n-
butanol was assessed using a single-staircase, three alternative forced choice
procedure. Triplets of sticks were presented to the patients, with two non-odorant
sticks and one stick impregnated with n-butanol. Then, odor discrimination was
evaluated also with a three alternative forced choice procedure (using two sticks
containing the same odorant and one with a distinct odorant). Odor identification
was tested for 16 common odors using a multiple-choice identification from lists
of four descriptors each. Each subtest was scored on a maximum of 16 points,
with higher scores indicating a higher olfactory function. To quantify global
olfactory function, results from the three subtests were put together to form a
composite 'TDI score' (48 points), which was the sum of the threshold score T
(16 points), the discrimination score D (16 points), and the identification score |
(16 points). The original cut-off for normosmia, regardless of age and sex, is
defined as a TDI score > 30.5/48.

We also classified olfactory scores into seven percentiles categories according
to recently updated age- and sex-adjusted norms of the Sniffin' Sticks tests [24].
In some analyses, the patients were separated into two groups, having either a
TDI, threshold, discrimination, or identification score < the 25" percentile (p25)

or > p25.

Cognitive function evaluation

All patients underwent the French version of the Montreal Cognitive Assessment
(MoCA) as a preoperative cognitive screening test on the day before surgery.
The complete version of this test has a best maximum score of 30 points (MoCA-
30) and has been validated as a screening instrument for mild cognitive

impairment [151].

Postoperative cognitive evaluation was realized 12 weeks after the surgery

during a telephone interview. The patients were first asked about subjective
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cognitive concerns (SCC), consisting of seven yes/no questions about a recent
change in the following items: memory; remembering a short list, things from one
second to the next, recent events; difficulties with understanding or following
spoken instructions, a group conversation or the plot of a television program;
and trouble finding one's way in familiar streets. These simple SCC were shown
to be associated with further change in episodic memory in a large study
involving older women [199]. Then, we administered the telephone version of
the MoCA (T-MoCA) with a maximum total score of 22 points. This test is a
simplified version of the MoCA-30, obtained by removing items that require
visual stimuli or pencil and paper [200]. It has also been validated in regard to
mild cognitive impairment screening. To accurately compare pre- and
postoperative MoCA testing, we computed a preoperative MoCA-22 score
corresponding to the items evaluated in the T-MoCA. Objective cognitive decline
was established as a decrease of at least one standard deviation in the T-MoCA

(corresponding to a decrease of at least 3 points).

We defined postoperative neurocognitive disorder (PND) as the presence of one

or more SCC and/or an objective cognitive decline.

Frailty assessment

We used two different tests to identify the level of frailty in our study population:
the Edmonton Frail Scale (EFS) and the Clinical Frailty Scale (CFS) (see Section
1, Chapter 4 for more details on methodology). Both tests are strongly
recommended in the perioperative setting [128]. We defined frailty as scoring
>6/17 at the EFS. The CFS is a fast and intuitive tool based on our clinical
appreciation of the patient in front of us [134]. It has a maximum score of 7 points,
and we settled the cut-off for frailty as of the "Apparently vulnerable" category (4

points).
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Postoperative morbidity and mortality

We obtained postoperative data using local hospital medical records and the
Belgian Health network (provided that the patients had authorized access),
which allowed us to get an overall view of the patient's medical information. We
used the Clavien-Dindo classification to grade postoperative complications
within one year after elective surgery [141]. We only collected moderate to
severe complications (grade 2 to 4) and mortality (grade 5), and we did not
consider minor complications (grade 1). Given the low mortality rate, we
gathered postoperative complications (grades 2 to 4) and mortality (grade 5) into

one "postoperative morbidity/mortality" group in our analyses.

Covariables

We collected the following demographic data: age, sex, BMI, and level of
education. Anxiety and depression symptoms were measured through the
Hospital Anxiety and Depression Scale (HADS), which provides two different
scores: an anxiety score and a depression score [201]. All the patients had a
blood sample taken for Apolipoprotein E (ApoE) genotyping. Other medical
information that was gathered comprised smoking status, American Society of
Anesthesiologists (ASA) physical status, Charlson Comorbidity Index (CC
Index), and duration of anesthesia (from induction of anesthesia until tracheal

extubation).

Statistical analysis

The primary outcome was the incidence of postoperative morbidity and mortality.
The secondary outcome was the prevalence of postoperative neurocognitive

disorder according to preoperative olfactory function.

92



PART 2

Existing studies on olfaction and mortality reported very few details about their
statistical results. We used the mortality data shown in the study of Pinto et al.
in 2014 [61] (which gave the greatest number of statistical information) and a
12% anosmia frequency reported in the population aged 65 years old and more
[50] for power analysis. Using G*Power 3.1 — U Disseldorf with alpha error 0.05
/ power 0.80, the sample size needed was 252. Yet, similar data on perioperative
outcome regarding olfactory function have never been reported. Thus, we set
the sample size at a minimum of 200 patients to achieve statistical significance
for the primary outcome. Since the sample size was not calculated specifically
regarding the secondary outcome (PND), we realized a sensitivity power
analysis to check for the reliability of our findings, also using G*Power 3.1 — U
Dusseldorf. We compared (1) the Cramér’s V value of the chi square analysis of
the incidence of PND according to the preoperative TDI score (<p25 or >p25) to
(2) the minimal detectable effect size W computed using G*Power 3.1 — U
Disseldorf with alpha error 0.05 / power 0.80 / sample size 139 / degree of

freedom 1.

We analyzed the data using SPSS version 28.0. We used the Kolmogorov-
Smirnov test to evaluate the normality of the data. Continuous variables were
not normally distributed and were presented as medians (interquartile range).
Ordinal variables were reported as medians (interquartile range). Comparisons
between groups of patients were realized with a Pearson y?2 for nominal variables
and with a Mann-Whitney U-test or a Kruskal-Wallis test for continuous variables.
We performed univariable and multivariable linear regression analyses to
associate olfactory scores with the EFS score. We used univariable and
multivariable binary logistic regression analyses to predict postoperative
morbidity/mortality and postoperative neurocognitive disorder. For regression
analyses, we adjusted for potential confounding variables related to olfactory
function (age, gender) or to the outcome variable. Any P-value < 0.05 was

considered significant.
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Chapter 3. The intricate links between preoperative
global olfactory dysfunction, frailty, and prediction of
postoperative morbidity and mortality in older surgical
patients: preliminary results

As data collection is still ongoing,

this chapter presents and discusses only infermediate analyses.
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Results

Up to now, we have been able to collect data for 185 patients, as shown in
Figure 2.7. We compared baseline and operative characteristics for these
patients according to their preoperative olfactory function (Table 2.5.). MoCA-30
scores were slightly lower in the group with a TDI score <p25 (P = 0.035). We

did not find any other statistically significant difference between both groups.

Total patients screened
n =362

|

Total patients eligible
n =257

Study refusal
n=42

—

L

Total patients recruited
n=215

}

One-year postoperative
data available
n=191

Belgian Health network
access not authorized
n=6

——

v

Total patients included for
intermediate analysis
n=185

Figure 2.7. Study flowchart.
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Characteristics TDI score TDI score P-value
<p25 >p25
n =66 n=119
Age, year 72 [68-76] 74 [70-78] 0.078
Female, n (%) 33 (50.0%) 71 (59.7%) 0.20
Body mass index, kg.m 27.7[24.1-33.4] 27.3[23.8-30.5] 0.20
Smoking status
- Present smoker 295((1337-6;@)) ;g g;gz’fg 0.30
-F ki .97 A
. N%ﬁ?;;i?; o 32 (48.5%) 71 (59.7%)
History of COVID-19, n (%) 10 (15.2%) 16 (13.4%) 0.75
ASA physical status IlI-IV, n (%) 30 (45.5%) 53 (44.5%) 0.90
Charlson Comorbidity Index 1[0-3] 1(0-2) 0.21
Preoperative MoCA-30 24 [22-27] 25 [23-27] 0.035
HADS - depression score 5[2-7] 4 [2-6] 0.095
Type of surgery
- Aortic or lower limb 18 (27.3) 21 (17.6) 014
revascularization surgery
- Total hip arthroplasty gg g?gg gg Egggg
- Spinal stenosis surgery ' '
Duration of anesthesia, min 165 [122-241] 137 [122-241] 0.065

Data are expressed as median [IQR] or number (%). TDI score: Threshold Discrimination Identification score,
ASA: American Society of Anesthesiologists, MoCA: Montreal Cognitive Assessment, HADS: Hospital
Depression and Anxiety Scale

Table 2.5. Baseline and operative characteristics according to preoperative olfactory function.

OLFACTION AND FRAILTY

As shown in Table 2.6., we found differences in the EFS (P = 0.037) and the
CFS (P = 0.002) scores depending on whether the patients had a preoperative
TDI score <p25 or >p25. In the group with a TDI score <p25, patients labeled as
frail with the EFS or the CFS were more frequent, but this difference was not

statistically different.

When we investigated the patients having a TDI score > 30.5 (original cut-off for

normosmia regardless of age and sex), only 4.3% (2/47) had an EFS score >6/17
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against 30.4% (42/138) of the patients with a TDI score < 30.5 (p < 0.001). The
median age was 72 (68-77) in the group with a TDI score > 30.5 and 74 (70-78)
in the group with a TDI score < 30.5 (P = 0.051).

Frailty variable Overall TDI score TDI score P-value
patients <p25 >p25
n =185 n =66 n=119
EFS score 3 [2-5] 4 [2-6] 3 [2-5] 0.037
CFS score 3 [2-3] 3 [3-4] 3 [2-3] 0.002
Patients with an EFS 44 (23.8) 18 (27.3) 26 (21.8) 0.40
score > 6/17, %
Patients with a CFS 44 (23.8) 21 (31.8) 23 (19.3) 0.056

score > 4/7, %

Data are expressed as median [IQR] or number (%). TDI score: Threshold Discrimination Identification score,
EFS: Edmonton Frail Scale, CFS: Clinical Frailty Scale

Table 2.6. Edmonton Frail Scale and Clinical Frailty Scale results according to their
preoperative global olfactory function (TDI score percentile for age and gender)

When assigning the patients into two groups, robust/frail, according to the EFS
or the CFS score, we observed lower TDI scores in the frail patients (P < 0.001)
(Figure 2.8.). This was also the case concerning the threshold, the

discrimination, and the identification scores (all P-values < 0.05).

In univariable linear regression analyses, we found the EFS score to be
significantly associated with preoperative olfactory threshold, discrimination, and
identification scores (all P-values < 0.001) (Table 2.7.). Despite gender not being
associated with the EFS score, we included it in the multivariable models given
its relationship with olfactory scores. After adjustment for age, sex, and Charlson
Comorbidity Index, the three olfactory scores remained significantly correlated
with the EFS score (Table 2.8.).
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Figure 2.8. Olfactory TDI score according to frailty status, based on the Edmonton Frail Scale
(A) and the Clinical Frailty Scale (B). TDI: Threshold, Discrimination, Identification, EFS:
Edmonton Frail Scale, CFS: Clinical Frailty Scale.

Variable Standardized P-value

regression

coefficient
Preoperative olfactory threshold score - 0.289 < 0.001
Preoperative olfactory discrimination score -0.277 < 0.001
Preoperative olfactory identification score - 0.309 < 0.001
Age 0.162 0.028
Female sex -0.034 0.641
Charlson Comorbidity Index 0.447 < 0.001

Table 2.7. Univariable linear regression analysis associating olfactory scores and other

variables with the EFS score.
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Variable Standardized P-value
regression
coefficient
Preoperative olfactory threshold score -0.242 < 0.001
Age 0.113 0.074
Female sex -0.213 0.002
Charlson Comorbidity Index 0.493 < 0.001
Preoperative olfactory discrimination score -0.219 0.001
Age 0.093 0.15
Female sex -0.231 < 0.001
Charlson Comorbidity Index 0.490 < 0.001
Preoperative olfactory identification score - 0.202 0.003
Age 0.115 0.074
Female sex -0.220 0.001
Charlson Comorbidity Index 0.461 <0.001

Table 2.8. Multivariable linear regression models for the prediction of the Edmonton Frail

Scale score.

OLFACTION AND POSTOPERATIVE MORBIDITY AND MORTALITY

Within one year after surgery, 48 (26.0%) patients developed a postoperative
complication, and 3 (1.6%) patients died. 39.4% of the patients with a
preoperative TDI score <p25 suffered from postoperative morbidity/mortality
against only 21.0% of the patients with a TDI score >p25 (P = 0.007). The results
are shown in Figure 2.9. On the other hand, when we isolated patients with a
TDlI score > 30.5 (i.e., the original cut-off for normosmia, without considering age
or sex horms), we noticed that only 10.6% of these patients (5/47) would develop
postoperative morbidity/mortality compared to the rest of the cohort (P = 0.003).

In contrast, the incidence was of 32.0% (40/125) in the hyposmic population (i.e.,
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a TDI score < 30.5 and > 16.5) and 46.2% (6/13) among the anosmics (i.e., a
TDI score < 16.5).

Figure 2.9. One-year postoperative morbidity/mortality according to preoperative olfactory

TDI score.
P=0.007

94 (79.0%)

. Postoperative morbidity or mortality

80
. Normal postoperative course

60

40 (60.6%)

40

Number of patients

26 (39.4%)

25 (21.0%)

20

TDI score < p25 TDI score > p25

We performed univariable and multivariable logistic regression models
predicting one-year postoperative morbidity/mortality in our cohort according to
the preoperative olfactory threshold, discrimination, and identification scores
(Tables 2.9. and 2.10.).
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Variable OR 95% ClI P-value
Preoperative olfactory threshold score (T) 0.83 0.71-0.97 0.018
Preoperative olfactory discrimination score (D) 0.78 0.68-0.89 <0.001
Preoperative olfactory identification score (1) 0.82 0.73-0.92 <0.001
Age 0.99 0.94-1.05 0.74
Female sex 0.30 0.16-0.60 <0.001
Charlson Comorbidity Index 1.38 1.16-1.65 <0.001
Aortic or lower limb revascularization surgery 4.51 2.14-9.52 <0.001
Duration of anesthesia 1.01 1.00-1.01 0.008
Preoperative MoCA-30 0.90 0.81-0.99 0.032
HADS - depression score 1.09 0.99-1.21 0.097

HADS: Hospital Anxiety and Depression Scale, MoCA: Montreal Cognitive Assessment.

Table 2.9. Univariable logistic regression analysis for the prediction of postoperative
morbidity/mortality.

Model 1 accounted for age and sex, given their relationship with olfactory scores,
and was automatically added to every other model. In Model 2, adjusting for
comorbidities, only the discrimination and the identification scores remained
predictive. The Charlson Comorbidity Index was significantly associated with the
outcome variable in all models (T-Model 2: P = 0.010, D-Model 2: P = 0.015, I-
Model 2: P = 0.035). Model 3 adjusted for type of surgery and duration of
anesthesia. Similarly to Model 2, only the discrimination and the identification
scores were statistically associated with postoperative morbidity/mortality. Aortic
or lower limb revascularization surgery was associated with the outcome
variable in the T-Model 3 (P = 0.017) and the D-Model 3 (P = 0.037), but not in
the I-Model 3 (P = 0.058). Duration of anesthesia lost statistical significance in
the multivariable models. In Model 4, when accounting for preoperative
cognition, the olfactory discrimination and identification scores were still
predictive of postoperative morbidity/mortality, contrary to the threshold score.
In the T-Model 4, the MoCA-30 score was statistically correlated to the outcome
variable (P = 0.041), which was not the case in the D-Model 4 and the I-Model 4

(p-values > 0.1). Adding the EFS score to the models had a significant effect on
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the three olfactory scores, and the EFS score remained statistically significantly
correlated to postoperative morbidity/mortality. The threshold and nearly the
identification scores lost their association with the outcome variable. In D-Model
5, the effect of the discrimination score was decreased but still significantly
associated with postoperative morbidity/mortality (P = 0.010). Model 6 took into
consideration the HADS-depression score, which itself was not correlated with
the outcome variable in multivariable analyses. In the T-Model 6, the D-Model 6,
and the I-Model 6, the olfactory scores were all significantly associated with
postoperative morbidity/mortality with an attenuated effect, especially for the

identification score.

We compared the metrics of the EFS, the CFS, the olfactory TDI scores, or their
combination in their ability to predict postoperative morbidity/mortality in our
study population (Table 2.11.). In particular, we noticed a higher sensitivity of
the TDI score <p25 (51.0%) compared to an EFS score >6/17 (39.2%). Being
tested “positive” to either one of these tests increased sensitivity to 70.6% and
resulted in a negative predictive value of 83.9%. The highest positive predictive
value (55.6%) was obtained when combining the presence of a TDI score <p25
and an EFS score >6/17, but then the sensitivity was very low. The combination
of a TDI score <30.5 and an EFS score >6/17 also showed a higher positive
predictive value but this time with a higher sensitivity. Overall, a CFS score >4/7
was less performant. A TDI score <30.5 had a sensitivity of 90.2% and a negative

predictive value of 89.4%.
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Variable OR 95% CI P-value
Preoperative olfactory threshold score (T) 0.83 0.71-0.97 0.018
T - Model 1: age, sex 0.84 0.71-0.99 0.033
T - Model 2: Model 1, Charlson Comorbidity Index 0.85 0.72-1.01 0.060
T - Model 3: Model 1, aortic or lower limb 0.85 0.71-1.00 0.056
revascularization surgery, duration of anesthesia
T - Model 4: Model 1, MoCA-30 0.85 0.72-1.01 0.060
T - Model 5: Model 1, EFS score 0.90 0.75-1.07 0.22
T - Model 6: Model 1, HADS - depression score 0.84 0.71-0.99 0.043
Preoperative olfactory discrimination score (D) 0.78 0.68-0.89 <0.001
D - Model 1: age, sex 0.79  0.68-0.91 0.001
D - Model 2: Model 1, Charlson Comorbidity Index 0.80 0.68-0.93 0.004
D - Model 3: Model 1, aortic or lower limb 0.81 0.70-0.94 0.007
revascularization surgery, duration of anesthesia
D - Model 4: Model 1, MoCA-30 0.81 0.69-0.95 0.009
D - Model 5: Model 1, EFS score 0.82 0.70-0.95 0.010
D - Model 6: Model 1, HADS - depression score 0.79  0.68-0.92 0.002
Preoperative olfactory identification score (I) 0.82 0.73-0.92 <0.001
I - Model 1: age, sex 0.84 0.74-0.95 0.004
I - Model 2: Model 1, Charlson Comorbidity Index 0.86 0.76-0.98 0.021
I - Model 3: Model 1, aortic or lower limb 0.85 0.75-0.97 0.013
revascularization surgery, duration of anesthesia
I - Model 4: Model 1, MoCA-30 0.86 0.76-0.98 0.021
I - Model 5: Model 1, EFS score 0.88 0.77-0.99 0.043
I - Model 6: Model 1, HADS - depression score 0.85 0.75-0.96 0.007

MoCA: Montreal Cognitive Assessment, EFS: Edmonton Frail Scale, HADS: Hospital Anxiety and Depression

Scale.

Table 2.10. Odds ratios and 95% confidence intervals of the preoperative olfactory scores in
logistic regression models predicting postoperative morbidity/mortality.
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Test and cut-off used Sensitivity  Specificity Positive Negative
(%) (%) predictive  predictive
value (%)  value (%)
EFS score >6/17 39.2 82.1 45.5 78.0
CFS score >4/7 35.3 80.6 40.9 76.6
TDI score <p25 51.0 70.1 394 79.0
TDI score <p25 and/or EFS 70.6 58.2 391 83.9
score >6/17
TDI score <p25 and EFS 19.6 94.0 55.6 75.4
score >6/17
TDI score <30.5 90.2 31.3 33.3 89.4
TDI score <30.5 and/or 90.2 29.9 32.9 88.9
EFS score >6/17
TDI score <30.5 and EFS 39.2 83.6 47.6 78.3

score >6/17
EFS: Edmonton Frail Scale, CFS: Clinical Frailty Scale, TDI: Threshold, Discrimination, Identification

Table 2.11. Detailed metrics for preoperative tests used to predict postoperative
morbidity/mortality in the entire study population.

As we recruited patients scheduled for either orthopedic surgery (total hip
arthroplasty or spinal stenosis surgery) or vascular surgery (aortic or lower limb
revascularization surgery), we aimed to compare them in terms of olfactory
function, frailty, and postoperative morbidity/mortality. The vascular patients
were more frequently categorized as hyposmic or anosmic than as normosmic
compared to the orthopedic patients (P = 0.029 and P = 0.004, respectively,
Figure 2.10.). 46.2% (18/39) of the vascular patients had a TDI score <p25
compared to 32.9% (48/146) among the orthopedic subgroup, but the difference
was not statistically significant. We found an EFS score >6/17 in 48.7% (19/39)
of the patients undergoing vascular surgery compared to only 17.1% (25/146) in
the rest of the cohort (P < 0.001).
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P=0.004

P=0.029

S oo e RS
80,0%
29 (74.4%)

B Vascular subgroup
B Orthopedic subgroup

96 (65.8%)

60,0%

40,0%

43 (29.5%)

Percentage of patients

20,0%
6 (15.4%)

4(10.3%)

7 (4.8%)

,0%

Anosmia Hyposmia Normosmia
(TDI score < 16.5) (TDI score > 16.5 (TDI score > 30.5)
and < 30.5)

Figure 2.10. Olfactory function of the patients according to the surgery subgroup — vascular
or othopedic. TDI: Threshold, Discrimination and Identidication.

Given the major differences between these two subgroups, we also analyzed
separately the metrics of the EFS score and the olfactory scores. Postoperative
morbidity/mortality occurred in 53.8% (21/39) of the vascular patients. We
calculated better metrics when using a TDI score <p25 than the EFS score in
this subgroup (Table 2.12.). Combining the presence of a TDI score <p25 and
an EFS score >6/17 did not add much than the use of the TDI score <p25 alone
in terms of positive predictive value (80.0% vs 77.8%). We did not analyze in
detail the TDI score cut-off of <30.5 since only 4 patients (10.3%) had a TDI
score above this limit in this specific group. As for the orthopedic subgroup, only
20.5% (30/146) suffered from postoperative morbidity/mortality. Here, we
calculated better metrics with the EFS score than by using a TDI score <p25

(Table 2.13.). All the tests had rather low positive predictive values. When
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combining the presence of a TDI score <30.5 and of an EFS score >6/17, we
found the highest positive predictive value. The highest negative predictive value

was obtained with the TDI score <30.5.

Test and cut-off used Sensitivity  Specificity Positive Negative
(%) (%) predictive  predictive
value (%)  value (%)
EFS score >6/17 52.4 55.6 57.9 421
TDI score <p25 66.7 77.8 77.8 66.7
TDI score <p25 and/or EFS 81.0 44 .4 63.0 66.7
score >6/17
TDI score <p25 and EFS 38.1 88.9 80.0 55.2
score >6/17
TDI score <30.5 95.2 16.7 571 75.0

EFS: Edmonton Frail Scale, CFS: Clinical Frailty Scale, TDI: Threshold, Discrimination, Identification

Table 2.12. Detailed metrics for preoperative tests used to predict postoperative
morbidity/mortality in the vascular patients.

Test and cut-off used Sensitivity  Specificity Positive Negative
(%) (%) predictive  predictive
value (%)  value (%)
EFS score >6/17 30.0 86.2 36.0 82.6
TDI score <p25 40.0 69.0 25.0 81.6
TDI score <p25 and/or EFS 63.3 60.3 29.2 86.4
score >6/17
TDI score <p25 and EFS 6.7 94.8 25.0 79.7
score >6/17
TDI score <30.5 86.7 33.6 25.2 90.7
TDI score <30.5 and/or 86.7 31.9 24.8 90.2
EFS score >6/17
TDI score <30.5 and EFS 30.0 87.9 39.1 82.9

score >6/17
EFS: Edmonton Frail Scale, CFS: Clinical Frailty Scale, TDI: Threshold, Discrimination, Identification

Table 2.13. Detailed metrics for preoperative tests used to predict postoperative
morbidity/mortality in the orthopedic patients.
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Discussion

In this more extensive prospective observational study, we obtained
encouraging preliminary results. They confirm our previously published results
and bring new strong evidence regarding the links between preoperative
olfaction, frailty, and postoperative morbidity in a population of older patients

undergoing elective non-cardiac surgery.
OLFACTION AND FRAILTY

The present results showed a clear correlation between olfactory function and
two widely used preoperative frailty tests, the EFS and the CFS [128]. In 2020,
a systematic review including three studies, of which only one had assessed
olfaction with a psychophysical test, could not conclude, given too sparse
evidence [163][104]. Since then, five papers have reported a significant
correlation between semi-objective testing of olfactory identification dysfunction
and frailty [162][202][203][204], including our previous work [184]. Two other

studies showed a link using subjective evaluation of olfaction [205][206].

What is interesting is the diversity of the frailty tests that correlated with olfactory
identification dysfunction: handgrip strength measurement [104][202], the
appendicular skeletal muscle mass index [104], the 37- or 39-item Frailty Index
[162][203], the Risk Analysis Index [204], the CFS [184], and the EFS [184].
Together, these tests capture a broad spectrum of frailty, going from the physical
frailty phenotype model to the accumulation of deficits model — typically
represented by the frailty index [207]. Of note, Xue's team has recently shown a
high discrepancy when diagnosing frailty in individuals using either a physical
frailty phenotype test or a frailty index [208]. Nagururu and colleagues, who were
the first to investigate the olfactory threshold function in addition to the
identification function, showed that low performance in both modalities was
associated with the physical frailty phenotype [203]. Still, only olfactory

identification was correlated to a 37-item frailty index. They explained this
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difference by the neurocognitive variables weighting their frailty index, which
would probably relate more to olfactory identification than threshold. Therefore,
they suggested the role of mediators other than cognitive impairment alone in
the association between olfaction and frailty. Besides, they only used six different
levels for determining the olfactory threshold, which may account for more limited
findings. In contrast, we found a significant association between all three
olfactory modalities — threshold, discrimination, and identification — and two
frailty tests. The CFS may be more akin to the physical frailty phenotype and,
just like the latter, does not include a direct cognitive component. Instead, the
EFS is seen as belonging to the accumulation of deficits model but, compared
to the frailty index, represents much more than merely an accumulation of
medical conditions and has been associated with multi-dimensional geriatric
conditions [133]. In the light of existing evidence and of our preliminary data,
global olfaction is linked to frailty in plural ways, probably reflecting multifactorial
vulnerability.

Age is undeniably associated with more frailty and poorer olfaction [123][209].
Yet, we found olfactory scores to predict frailty even when taking age, sex, and
comorbidities into account. This comes as supplementary proof that "age-
related" olfactory decline does not simply reflect chronological age and needs to
be seen in a broader picture. On the other hand, having a TDI score above 30.5
— i.e., the definition of normosmia, regardless of age and sex — made frailty
prevalence drop drastically. This normosmic group's median age was slightly
lower, but the difference was not statistically significant. Thus, a good

performance at olfactory testing ruled out frailty most of the time.

OLFACTION AND POSTOPERATIVE MORBIDITY AND MORTALITY

These preliminary results provide new data regarding the substantial and dose-
dependent link existing between preoperative global olfactory dysfunction and

postoperative morbidity and mortality in older surgical patients. Our first study of

109



SECTION 2

155 patients showed that recognizing correctly 6 or fewer odors at a 12-item
identification screening test predicted poor 1-year outcome after various elective
surgeries [184]. Another study with 165 patients undergoing cardiac surgery
found no statistically significant difference in in-hospital postoperative
complications and mortality between olfactory-impaired patients and the rest of
their cohort. However, they used a higher cut-off for olfactory dysfunction (< 8 in
a 12-odor identification test) and may have lacked power for this in-hospital
outcome, at least concerning mortality, which hit only 8 patients [210]. A recent
trial by Mady et al. measured olfactory identification function with a 40-item
identification test in 51 individuals requiring head and neck cancer surgery, and
they found that severe anosmia was associated with a three-day increased
length of stay [204]. Here, we report a nearly two times higher incidence of 1-
year postoperative complications in patients with a TDI score below the 25M
percentile for age and sex. Besides, when considering the “raw” TDI scores
regardless of age and sex, we found a 4-fold difference in the incidence of poor
postoperative outcome between normosmic and anosmic groups. Indeed,
multivariable analyses confirmed the predictive ability of the olfactory scores
irrespective of age and sex. This may be paralleled with our similar data
regarding frailty and raises questions about the concept of age-related olfactory

decline being a “normal” feature of aging.

This is the first study to investigate the three modalities of olfactory function with
postoperative outcome. The discrimination and the identification scores were
both independent predictors, even after adjusting for comorbidities, type of
surgery (i.e., vascular surgery vs. hip or back surgery) and duration of
anesthesia, cognitive function, or depression. This was not the case for the
threshold modality, narrowly losing statistical significance in all the regression
models except when accounting for depression. Part of the explanation might lie
in a lack of power. Nonetheless, this may also illustrate the caricatural
dichotomization of peripheral — i.e., the threshold function — and central olfaction

— i.e., the discrimination and the identification functions — and everything that
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comes along. The predictive ability of the discrimination modality was somewhat
higher than that of the identification score. In the age and sex-adjusted model, a
1-point increase in the discrimination score led to a 21% lower probability of
developing postoperative morbidity and mortality, whereas the effect was 5%
smaller for the identification score. We found no other study investigating the
olfactory discrimination score with outcome. Therefore, whether there is a clinical

meaning behind this difference will require further research.

Concerning preoperative cognition, the MoCA-30 score remained significantly
associated with postoperative morbidity and mortality only in the model
analyzing olfactory threshold score. This suggests that the threshold modality
might not — sufficiently — reflect the “part” of cognitive dysfunction involved in
poor outcome, as opposed to the discrimination and the identification functions.
Indeed, the impact of cognition on the threshold modality, though undeniably
present, is known to be smaller than on the other two modalities [189][211]. We
may also draw from these models that cognition may be responsible for some,
but not all, of the underlying mechanisms linking preoperative olfactory
dysfunction to postoperative complications. If we leave the specific perioperative
context, this is consistent with the data from a recent meta-analysis showing that
olfactory dysfunction was associated with significantly higher all-cause mortality
while accounting for cognitive function [212]. The study from Liu and colleagues,
included in this meta-analysis, had found neurodegenerative diseases to explain

22% of the higher 10-year mortality found in olfactory-impaired individuals [65].

Interestingly, accounting for comorbidities or for vascular surgery — clustering
very ill patients and associated with higher morbidity and mortality in the
postoperative course — had a relatively small effect on the association of the
discrimination or the identification functions with postoperative morbidity and
mortality. These results corroborate our previous data [184], as well as those
from the studies investigating olfactory dysfunction and general mortality, of

which most had included cardiovascular disease in their analyses [12][213].
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Medical comorbidities cannot be neglected when assessing an older surgical
patient and obviously constitute a risk factor for developing postoperative
complications and death. Still, they do not seem to mediate much of the

relationship between preoperative olfaction and postoperative outcome.

While knowing that olfactory function and frailty are strongly linked [212], we
purposely added the EFS score to our models to confirm our previous results
[184]. This had the largest impact on the models, showing an essential role of
frailty as an underlying mechanism in the relationship between olfactory
dysfunction and poor postoperative outcome. In the present trial, however, the
discrimination score remained predictive, as did the identification score, though
the latter barely reached statistical significance. Preoperative olfactory
dysfunction would thus remain, at least partly, a predictor of postoperative
complications, independently from frailty. Nevertheless, we must bring some

nuance in that frailty is complex, and the EFS may not cover all its facets [208].

The association between olfactory dysfunction and postoperative outcome was
found to be weakened in patients with depressive symptoms. This is in line with
some studies linking olfactory dysfunction and mortality, while others did not

observe a decreased effect with depression [59][212].

Our following approach was more pragmatic since we compared the concrete
predictive ability of both preoperative testing, separately and combined, in our
study sample. With no surprise, the incidence of postoperative morbidity and
mortality was much higher in the vascular patients, concerning 53.8% of them in
contrast to only 20.5% of the orthopedic subgroup individuals. Also, the
prevalence of frailty and olfactory dysfunction was higher in vascular individuals.
Consequently, the tests did not have the same impact in these two different
surgical subgroups. Interestingly, in the vascular subgroup, having a TDI score
<p25 constituted the more efficient test with a positive predictive value of 77.8%.

Against all expectations, adding the EFS seemed paradoxically
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counterproductive. Indeed, this decreased either sensitivity or specificity while
not doing better in terms of predictive values. On the contrary, in orthopedic
patients, a TDI score <p25 was overall less performant than the EFS score. The
use of both a TDI score <30.5 and an EFS score >6/17 was only slightly better
than using the EFS alone. But, more importantly, our analyses highlighted the
relatively small predictive power of both preoperative frailty and olfactory
dysfunction in a sample with a lower prevalence of poor postoperative outcome.
The TDI normosmia cut-off of 30.5 made no sense in vascular patients since it
concerned only 10.3% of them. On the other hand, it provided an extremely high
negative predictive value (90.7%) in the orthopedic subgroup, which would then
bring the safety of not missing a patient who will develop a postoperative
complication. Most studies demonstrating the efficacy of frailty assessment in
predicting postoperative complications only used regression analyses
[214][215][138]. Our findings indicate the need for deepened analysis to derive
more accurate information on the true predictive power and avoid any
misconception in the interpretation of preoperative screening tests [216]. This
issue has also been recently raised by Sonny et al., who demonstrated a very

poor discriminative ability in two preoperative frailty tests [217].

Limitations

It should be recalled that these results are preliminary and will require complete
data to draw final conclusions. Here, we used only the MoCA test to represent
preoperative cognition, which remains a screening test and may not have the
same accuracy as a complete neurocognitive battery. Similarly, the EFS and the
CFS are often used perioperatively as screening tests for frailty, but a large panel
of more exhaustive geriatric assessments exists. We had a low rate of
postoperative death, which precluded any specific analysis for this outcome.
Lastly, the vascular subgroup was much smaller than the orthopedic subgroup,

and this may have influenced our analyses.
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Preoperative olfactory dysfunction is independently
correlated with physical frailty in older patients,
regardless of age, sex, and comorbidities.

i
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Graphical summary of the main findings from Chapter 3.
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Chapter 4. Olfactory dysfunction predicts
postoperative neurocognitive disorder in older
cognitively healthy individuals scheduled for elective
non-cardiac surgery

For this secondary outcome, data has been fully collected.

This chapter presents and discusses the final analyses.
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Results

In this secondary analysis, we finally included 140 patients (see flowchart in
Figure 2.11.). As the outcome is postoperative neurocognitive disorder,
suffering from preoperative baseline cognitive impairment was an exclusion
criterion. Originally, the cut-off score for detecting mild cognitive impairment was
<26/30. We used the lowered cut-off of <23/30 proposed by Thomann and
colleagues in 2020 to increase specificity. We therefore excluded from the

analysis the patients obtaining a preoperative MoCA-30 score < 22.

Total patients screened
n =362

l

Total patients eligible
n =257

Study refusal

n=42

v

Total patients recruited

n=215
Study drop-out
n=26
Preoperative MoCA-30 test < 22
n=49
v

Total patients finally
included for analysis
n=140

Figure 2.11. Study flowchart.
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Table 2.14. shows the baseline and operative characteristics of the study
population according to their preoperative olfactory function. The HADS-
depression score was higher in the patients with a TDI score <p25 (P = 0.05).

None of the other variables differed significantly between the two groups.

Characteristics TDI score TDI score P-value

<p25 >p25

n=239 n =101
Age, year 70 [68-78] 74 [69-78] 0.17
Female, n (%) 21 (53.8) 56 (55.4%) 0.87
Body mass index, kg.m™ 27.2[22.7-33.3]  27.7 (24.4-30.5) 0.91
Lower level of education 9(23.1) 15 (14.9) 0.25
(<9 years), n (%)
History of COVID-19, n (%) 7(17.9) 14 (13.9) 0.54
Hospital Anxiety and Depression
Scale (HADS)
- Anxiety score 7 [5-10] 6 [4-9] 0.39
- Depression score 5[3-7] 4 [2-6] 0.050
ASA physical status IlI-IV, n (%) 15 (38.5) 43 (42.6) 0.66
ApOE &4 carrier, n (%) 10/37 (27.0) 22/95 (23.2) 0.64
Type of surgery 0.80
- Aortic or lower limb 9(23.1) 19 (18.8)
revascularization surgery 16 (41.0) 47 (46.5)
- Total hip arthroplasty : '
- Spinal stenosis surgery 14(35.9) 35(34.7)
Duration of anesthesia, min 148 [116-244] 136[ (96-200] 0.33
Use of pre- or intraoperative 10 (25.6) 24 (23.8) 0.82

benzodiazepine, n (%)

Sufentanil total dose, mcg.kg™ 0.14 [0.10-0.21]  0.14 [0.09-0.17] 0.57
1.74 [1.19-2.25]  1.77 [1.08-2.24] 0.55
Ketamine total dose, mg.kg™ 0.47 [0.42-0.63]  0.48 [0.39-0.54] 0.88

Sevoflurane-based GA, n %) 39 (100.0) 94 (93.1) 0.19

Data are expressed as median [IQR] or number (%). TDI score: Threshold Discrimination Identification score,
ASA: American Society of Anesthesiologists, ApoE: Apolipoprotein E, GA: general anesthesia

Propofol total dose, mg.kg™

Table 2.14. Baseline and operative characteristics of patients according to their preoperative
global olfactory function (TDI score percentile for age and gender).
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At three months after the surgery, 38 patients (27.1%) were identified as
experiencing a PND: 27 (19.3%) complained from at least one SCC, 7 (5.0%)
had a significantly decreased T-MoCA test compared to their preoperative
performance, while 4 (2.9%) patients suffered from both SCC and objective
cognitive decline. Table 2.15. describes the results of the MoCA tests and of the
SCC according to preoperative olfactory TDI score. Postoperative T-MoCA was
lower in the patients with a preoperative TDI score <p25 (P = 0.041). 33.3% of
the patients (13/39) with a preoperative TDI score <p25 complained about one
or more SCC in contrast to only 17.8% (18/101) when the TDI score was >p25
(x% (1) = 3.93, P = 0.048). We observed an objective cognitive decline in 12.8%
(5/39) of the patients with a TDI score <p25 and in 5.9% (6/101) of the patients
with a TDI score >p25, but this difference was not statistically significant. Figure
2.12. details the postoperative neurocognitive situation of the patients according

to their preoperative olfactory TDI score.

Neurocognitive testing  TDI score <p25 TDI score >p25 P-value
n =39 n =101
Preoperative MoCA-30 25 [24-27] 26 [25-28] 0.28
Preoperative MoCA-22 19 [18-20] 19 [18-20] 0.96
Postoperative T-MoCA 19 [18-21] 20 [18-21] 0.041

Postoperative subjective
cognitive concern(s)

0 26 (66.7%) 83 (82.2%) 0.048
1 9 (23.1%) 8 (7.9%)

2 2 (5.1%) 6 (5.9%)

3-7 2 (5.1%) 4 (4%)

Data are expressed as median [IQR] or number (%). TDI score: Threshold Discrimination Identification score,
MoCA: Montreal Cognitive Assessment

Table 2.15. Results of perioperative neurocognitive testing according to preoperative global
olfactory function (TDI score percentile for age and gender).
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80 (79.2%)

80,0%

TDI score < p25
. TDI score > p25

60,0% 22 (56.4%)

40,0%

12 (30.8%)

20,0%

Percentage of patients within TDI score group

3 (3.0%) 3 (3.0%)

1(2.6%)

0%

No PND >1 subjective Decline in >1 subjective cognitive
cognitive concern(s) T-MoCA test concern(s) and decline in
T-MoCA test
PND

Figure 2.12. Postoperative neurocognitive situation at three months after surgery according
to preoperative global olfactory function (TDI score percentile for age and gender). PND:
postoperative neurocognitive disorder, MoCA: Montreal Cognitive Assessment, TDI:
Threshold, Discrimination and ldentification.

In the group with a TDI score <p25, we identified 43.6% of the patients (17/39)
with PND, whereas they represented only 20.8% (21/101) of the patients in the
group with a TDI score >p25 (2 (1) = 7.40, P = 0.007). We also analyzed the
results according to the three different modalities of the olfactory TDI score (see
Figure 2.13.). 50.0% (13/26) of the patients with a preoperative identification
score <p25 experienced PND in contrast to 21.9% (25/114) of the patients with
an identification score >p25 (x2 (1) = 8.44, P = 0.004). We found similar results
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regarding the threshold and the discrimination modalities, but the latter did not

reach statistical significance.

P =0.007
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Figure 2.13. Presence or absence of postoperative neurocognitive disorder at three months
after surgery according to preoperative olfactory function. (A) TDI (Threshold, Discrimination
and Identification) score percentile. (B) Threshold (T) score percentile. (C) Discrimination (D)
score percentile. (D) Identification (I) score percentile.

We performed univariable and multivariable logistic regression analyses to
analyze the association between the preoperative olfactory scores and the
presence of PND three months after surgery (Table 2.16. and Table 2.17.). In
the univariable analyses, we found that the TDI score was predictive of PND (OR
0.88, 95% CI 0.82-0.94, P < 0.001. This was also the case when analyzing the
three olfactory modalities separately, i.e., the threshold, discrimination, and
identification scores. Age (OR 1.08, 95% CI 1.02-1.16, P = 0.016) and the HADS-
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depression score (OR 1.23, 95% CI 1.08-1.41, P = 0.002) were also statistically
associated with PND.

Variable OR 95% ClI P-value
Preoperative olfactory TDI score 0.88 0.82-0.94 <0.001
Preoperative olfactory threshold score 0.76 0.63-0.92 0.005
Preoperative olfactory discrimination score 0.76 0.63-0.91 0.002
Preoperative olfactory identification score 0.80 0.69-0.93 0.004
Age 1.08 1.02-1.16 0.016
Female sex 1.59 0.73-3.41 0.24
Lower level of education (< 9 years) 2.25 0.90-5.61 0.084
HADS-depression score 1.23 1.08-1.41 0.002
ASA physical status IlI-IV 1.40 0.66-2.96 0.39
Preoperative MoCA-30 0.87 0.71-1.05 0.14
ApoE ¢4 carrier 1.90 0.81-4.45 0.14
Aortic or lower limb revascularization surgery 1.67 0.69-4.03 0.26
Duration of anesthesia 1.00 1.00-1.01 0.38
Use of pre- or intraoperative benzodiazepine 1.16 0.49-2.73 0.73
Sufentanil total dose 2.50 0.07-96.04 0.62
Propofol total dose 0.90 0.70-1.15 0.39
Ketamine total dose 0.99 0.27-3.64 0.99
Sevoflurane-based GA 0.43 0.05-3.72 0.45

OR: Odds ratio, Cl: confidence interval, TDI score: Threshold Discrimination Identification score, HADS: Hospital
Anxiety and Depression Scale, ASA: American Society of Anesthesiologists, ApoE: Apolipoprotein E, GA:

general anesthesia

Table 2.16. Univariable logistic regression analysis for the prediction of the presence of
postoperative neurocognitive disorder three months after the surgery

In each multivariable model, we included the olfactory score, the HADS-
depression score, a lower level of education (P = 0.084 in the univariable
analysis), as well as age and female sex, which were both automatically added
as confounding variables regarding the olfactory scores. The other variables

were not associated with PND in the univariable analyses (P-value > 0.1), thus
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not included in the multivariable analysis. The higher the preoperative olfactory

score was, the lesser the odds of presenting PND, regardless of age, sex,

HADS-depression score, and level of education. The HADS-depression score

was statistically associated with PND in every model.

Variable OR 95% ClI P-value

Preoperative olfactory TDI score 0.88 0.82-0.95 0.001
Age 1.06 0.99-1.14 0.099
Female sex 212 0.88-5.10 0.093
Lower level of education (< 9 years) 1.67 0.61-4.55 0.32

HADS-depression score 1.20 1.04-1.38 0.012
Preoperative olfactory threshold score 0.78 0.64-0.95 0.016
Age 1.07 0.99-1.14 0.072
Female sex 1.67 0.73-3.84 0.23

Lower level of education (< 9 years) 0.58 0.21-1.61 0.30

HADS-depression score 1.20 1.04-1.38 0.011
Preoperative olfactory discrimination score 0.75 0.61-0.92 0.006
Age 1.06 0.99-1.14 0.99

Female sex 2.08 0.88-4.95 0.097
Lower level of education (< 9 years) 0.93 0.33-2.68 0.90

HADS-depression score 1.23 1.07-1.42 0.004
Preoperative olfactory identification score 0.80 0.68-0.94 0.007
Age 1.07 1.00-1.15 0.061
Female sex 210 0.88-5.04 0.096
Lower level of education (< 9 years) 0.66 0.23-1.84 0.42

HADS-depression score 1.19 1.03-1.37 0.015

OR: Odds ratio, Cl: confidence interval, TDI score: Threshold Discrimination Identification score, HADS: Hospital

Anxiety and Depression Scale

Table 2.17. Multivariable logistic regression analyses for the prediction of the presence of

postoperative neurocognitive disorder three months after the surgery

122



CHAPTER 4

Sensitivity power analysis

Given our sample size of 139 patients, we obtained a minimal detectable effect
size W of 0.24. In our results, we observed an effect size of 0.23. These two

values tend to represent a moderate effect size for this analysis [218].
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Discussion

This prospective observational trial shows a significant and independent
association between preoperative global olfactory dysfunction and the
development of PND in older surgical patients. We detected twice as many PND,
mainly manifesting as subjective cognitive concerns, in the patients with a poorer

TDI score than in others.

Among the 140 patients in our cohort, 27.1% experienced PND three months
after elective surgery. This incidence matches that of the literature, which may
depend on the type of surgery, study population, follow-up periods, and type of
cognitive testing [160][158]. The latter certainly has a major impact in the context
of PND investigation. We defined PND as either a subjective and/or an
objectively measured cognitive decline. Interestingly, most of our patients with
PND complained of SCC (81.6%), whereas we detected only 11 individuals
declining significantly their postoperative MoCA test. Recently, there has been
growing awareness of the importance of considering SCC, both pre- and
postoperatively [219][220][150]. Indeed, having a subjective impression of
cognitive troubles is often the prelude to objective decline [221], and may also
be the only tangible manifestation of subtle cognitive impairment (i.e., when
decreasing the MoCA score by less than one standard deviation in the context
of our study). While some SCC are considered to reflect lower memory capacity,
others seem to be rather related to depressive symptoms [222], which, in turn,
are commonly found in older patients with olfactory dysfunction [81]. Here, we
found a higher depression score and more patients complaining about SCC in
the low TDI score group. However, adjusting for the depression score in our
regression analyses did not attenuate the link between the TDI score and the
development of PND. Still, depression was the only other variable associated
with PND in our final model, and the exact mechanism driving their "chicken-

and-egg" relationship remains a matter of debate [219].
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Our results revealed a strong relationship between preoperative olfactory
dysfunction and the occurrence of PND. In 2004, Rentowl et al. used a 12-item
odor identification test preoperatively but failed to find an association with PND
[223]. A minimal sample size might have explained this since only 34 patients
completed the study. Moreover, they defined olfactory dysfunction as scoring
less than 10, which may have decreased specificity by gathering altogether a
wide range of anosmic but also hyposmic patients. The only other study
investigating preoperative olfaction included 122 patients tested for
postoperative delirium and PND 4-6 weeks after cardiac surgery [210]. In the
age-adjusted model, olfactory identification dysfunction predicted PND, but only
in patients with poor baseline cognitive performance. According to the authors,
the normosmic patients demonstrated a learning effect between testing
sessions, which was not the case for the olfactory-impaired individuals.
Nevertheless, they showed a significant association with postoperative delirium
regardless of baseline cognitive performance. In contrast, we obtained an
association between low TDI scores and PND in a sample of cognitively healthy
older individuals. The relationship between olfactory dysfunction and
postoperative delirium was also confirmed in a small study with Parkinson's
disease surgical patients [224] and in a recent trial involving 189 patients

undergoing cardiac surgery [225].

The present study and these previously published data highlight olfactory
dysfunction as a unique preoperative risk factor for poor postoperative cognitive
outcome. The higher the TDI score, the lower the odds of experiencing PND as
an older surgical patient, regardless of age, sex, level of education, and
depression. Olfactory dysfunction might somewhat reflect some specific brain
vulnerability that may not be clinically perceptible at first. Of note, the
preoperative MoCA-30 score was not associated with PND in the univariable

regression analysis.
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This trial is the first to correlate discrimination and threshold olfactory functions
to postoperative cognitive function. Indeed, the aforementioned published
studies used solely the identification test, which is more accessible [25]. Each of
the three modalities of preoperative olfactory function was associated with PND,
with the same pattern of results as their composite TDI score. The discrimination
task calls significantly on memory and, just as the identification modality, is
related to cognitive executive function, making its association with PND not much
of a surprise [189]. The threshold test is less related to cognitive performance
but may still require a certain level of attention [211]. Moreover, a lower threshold
performance has been recently associated with a reduced MMSE score in a
cohort of Chinese community-dwelling older individuals [226]. Whether the
threshold task is more cognitively demanding than usually thought or whether
this could reveal another mechanism through which olfactory function is related

to PND remains unclear.

Anesthetic drugs, notably benzodiazepine and ketamine, were not related to
PND in our cohort. First, the use of benzodiazepine was not frequent, and if so,
the doses were small. Similarly, ketamine was only used at analgesic doses.
Besides, the roles of perioperative benzodiazepine or ketamine in developing
postoperative cognitive dysfunction are still widely debated [197][227][228][229].
Carrying the ApoE ¢4 allele was not found to increase the risk of PND despite

previous evidence [230].

There are several limitations to the present study. First, we did not calculate
sample size for the aim of this trial since this was the secondary outcome of a
large study. The two effect size values we derived from our sensitivity power
analysis were quite similar and confirmed that we could reliably find a moderate
effect from our given sample size. Second, the cognitive testing we analyzed
included only a single test, the MoCA, and its postoperative evaluation, though
being validated as such [200], was realized remotely by telephone. Third,

although we reported no difference in PND according to intraoperative drugs,
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anesthesia was not protocolized, meaning drugs choice and doses were not
standardized. Fourth, and this is a major limitation, we did not systematically use
depth of anesthesia monitoring, nor did we collect intraoperative burst

suppression data, which could have influenced the occurrence of PND.

In summary, we add new evidence to the predictive role of preoperative olfaction
on postoperative cognitive outcome. In older patients, olfactory dysfunction was
an independent predictor of PND, primarily through the presence of SCC.
Whether preoperative olfactory testing would be a way to assess cognitive
reserve and, thus, in some cases, to unveil brain frailty in apparently cognitively

healthy individuals deserves attention.
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Graphical summary of the main findings from Chapter 4.
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Introduction

Olfactory impairment is a frequent complaint among the general population.
Different factors have been reported to influence olfactory function. Among them,
age seems to be one of the most prominent, as olfactory function severely
declines with aging [24][231]. This age-related decline has often been proposed
as a physiological decline of olfactory function. However, this terminology is
debatable since some aged people still show excellent olfactory function. Hence,
it seems that increased chronological age does not inevitably lead to olfactory

decline and that additional factors are involved.

In the last decades, many studies have reported on the intriguing fact that
olfactory dysfunction in older individuals is an independent predictor of mortality
risk [59][62][64][65][213][232]. Anosmic people are at higher risk of death than
normosmic individuals [61] and a recent meta-analysis concluded that olfactory
impairment was associated with a 52% higher risk of all-cause mortality [212].
Despite the apparent robustness of the link, the causes remain largely
unanswered. In a previous review [12], we summarized the putative underlying
mechanisms, notably a more advanced physiological age leading to accelerated

brain aging.

According to the WHO definition [233], aging is the consequence of the
accumulation of a wide variety of molecular and cellular damages over time.
Several hallmarks contributing to the aging process and phenotype have been
described [234]. Among them, telomere shortening has been recognized for
several years as a contributor to cellular senescence and aging [235]. Telomeres
consist of repeated TTAGGG sequences located at the end of chromosomes,
playing an essential role in chromosomal integrity. In the absence of telomerase,
each cell division shortens telomeres, and aging is therefore associated with a
progressive shortening of telomeres in somatic cells. Long telomeres are usually

considered a sign of good cellular health and better regenerative potential of the

134



CHAPTER 5

tissues, while, in contrast, abnormally short telomeres are responsible for
premature aging syndromes [236].

Human beings are not all equal when it comes to aging. Some 80-year-old
individuals are still active and in good health, while others are bedridden. A
clinical indicator of biological aging is the concept of frailty, corresponding to a
decreased physiological reserve and, therefore, to a reduced capacity to
respond to a physical challenge [126]. Frailty status is considered more relevant
than chronological age and medical comorbidities when evaluating the risk in
older adults [129]. Therefore, when studying the effect of age on the
development of diseases or mortality, speaking in terms of biological age and

frailty is more accurate than chronological age.

In a recent study performed in older patients undergoing surgery, we found that
olfactory dysfunction was significantly associated with preoperative frailty and
increased postoperative complications [184]. Our results further revealed that
frailty — reflecting advanced aging — might largely underlie this association
between olfactory impairment and poor outcome. To gain further knowledge of
the mechanisms underlying this link, we aimed to investigate the relationship
between telomere length and olfactory function. We hypothesized that olfactory
dysfunction could be related to shorter telomere length, possibly through
biological aging. To test this hypothesis, we investigated the relationship
between telomere length, measured in leukocytes using a Flow-FISH technique,

and olfactory function in older people.

Materials and methods
Study population and design

A prospective observational study was conducted at the Cliniques universitaires
Saint-Luc (Brussels, Belgium) between March 2021 and December 2022. The
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institutional Ethics Committee of Cliniques universitaires Saint-Luc, Université
catholique de Louvain (Brussels, Belgium) approved the study protocol on March
3 2020 (2020/22JAN/050). We recruited volunteers aged > 65 from our
hospital's preoperative anesthesia clinic who were enrolled after receiving an
explanation. They all gave written informed consent and were tested before their
programmed surgery. Exclusion criteria were the following: a history of
neurologic disease (including any type of diagnosed dementia or cognitive
impairment), psychiatric disorder, severe head trauma, sino-nasal illness or
surgery, and any diagnosed olfactory loss. We did not consider the history of
COVID-19 as an exclusion criterion per se and considered it as a covariate in
our analyses. However, we did not include subjects who reported a recent
COVID-19 infection (< 3 months) or complained of a subjective residual olfactory

dysfunction.

Olfactory function testing

Each participant underwent the Sniffin' Sticks extended test (Burghart
Messtechnik GmbH, Wedel, Germany). We used the n-butanol threshold subtest
and the French version of the identification subtest. Threshold (T), discrimination
(D), and identification (I) were scored separately on 16 points. We also
calculated the global TDI score by adding the results of the three olfactory

modalities subtests for a total of 48 points.

We classified these olfactory scores into seven percentiles (p) categories
according to the recently updated age- and sex-adjusted norms of the Sniffin'
Sticks tests [24]. The categories were the following: (1) < p5, (2) > p5 and < p10,
(3) > p10 and < p25, (4) > p25 and < p50, (5) > p50 and < p75, (6) > p75 and <
p90, and (7) > p90. We defined olfactory dysfunction as a TDI, threshold,
discrimination, or identification score below or equal to the 10" percentile (<p10)

for age and sex.
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Leukocyte telomere length measurement

All participants had a blood sample taken the same day they were tested for their
olfactory function. Telomere length (TL) was measured by Flow-FISH
(Fluorescence In Situ Hybridization), which is currently considered the gold
standard technique for TL measurement [237]. TL was measured, in duplicate,
in granulocytes and lymphocytes in the Cliniques universitaires Saint-Luc as
described previously, using the FITC-labelled (CCCTAA)3 PNA probe
(Panagene) and calf thymus cells as internal controls [238]. Fluorescence was

measured with a Navios EX flow cytometer (Beckman Coulter).

We then compared lymphocyte TL measurements to those of a reference cohort
of 491 healthy individuals (0 to 99 years) obtained in the Cliniques universitaires
Saint-Luc (ISO15189). Short TL was defined as below the 10th percentile for
age (< p10). Long TL was defined as equal to or above the 90th percentile for
age (> p90). Average TL comprised measures equal to or above the 10"
percentile (> p10) but below the 90™ percentile (< p90). Normal TL was described
as all measures equal or above the 10" percentile (> p10) (i.e., including

individuals with long TL).

Covariables

We registered demographic (age, sex, body mass index (BMI)) and olfactory-
related (smoking status) characteristics. Three age categories were defined: 65
to 69, 70 to 79, 80, and more. Moreover, we collected medical data known to
influence TL, such as arterial hypertension, hypercholesterolemia, obesity (BMI
> 30), ischemic cardiopathy, and diabetes. We calculated a depression score
with the Hospital Anxiety and Depression Scale (HADS) [201]. All the cohort took
the Edmonton Frail Scale (EFS), a validated screening tool for frailty ranging
from 0 to 17 points [133]. An individual was defined as frail when scoring > 6/17.

This test evaluates nine domains of frailty: functional performance, cognitive
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function, general health, functional independence, social support, used

medications, nutrition, mood, and continence [132].

Statistical analyses

This study aimed at evaluating the association between olfactory function and
leukocyte TL. We ran data analyses with SPSS version 28.0. The Kolmogorov-
Smirnov test was used to assess the normality of the data. Ordinal and
continuous variables were not normally distributed and were expressed as
medians + standard deviation. We analyzed olfactory scores (TDI, threshold,
discrimination, and identification) according to age categories, sex, and smoking
status using a Kruskal-Wallis or Mann-Whitney U-test. We realized comparisons
between subjects with short TL and normal TL using a Pearson y? for nominal
variables and a Mann-Whitney U-test or a Kruskal-Wallis test for ordinal and
continuous variables. We performed Pearson y? or Fisher's Exact tests to
analyze the association between short TL and olfactory dysfunction. We used
multivariable linear regression analyses to assess the association between short
TL and the TDI score while adjusting for potential confounding variables. We
tested covariables related to TL that were associated with short TL at a threshold
P-value < 0.2 in our first analysis (obesity, frailty) and covariables usually
associated with the TDI score (age and sex). Using a Kruskal-Wallis test, we
compared olfactory score percentiles categories between short, average, and

long TL. A P-value < 0.05 was considered statistically significant.

Results

TL data were obtained using Flow-FISH on lymphocytes isolated from a cohort
of 138 participants with a median age of 73.5 years (69-78), including 73 female
subjects (52.9%) and 67 past or active smokers (48.6%). Olfaction tests, using

Sniffin' sticks, gave olfactory scores for threshold (T), discrimination (D), and

138



CHAPTER 5

identification (1) of, respectively, 4.4 + 2.0, 10.3 + 2.6, and 11.6 = 2.8. Median
TDI score was 26.3 + 6.2 and, as expected, significantly decreased with age (P
=0.037) (Table 3.1.).

Characteristics TDI score P-value
(Median + SD)
Age, year
65-69 29.25+6.50
70-79 28.00 + 6.00 0.037
>80 24.25+5.00
Sex
Female 28.50 + 5.50 0.068
Male 26.50 + 6.50
Smoking status
Present smoker 28.50 + 6.00
Former smoker 26.50 + 6.00 0.41
Non-smoker 26.50 + 7.50

TDI: Threshold, Discrimination and Identification

Table 3.1. Olfactory TDI scores depending on baseline characteristics.

Male subjects tended to have a lower TDI score than females, but the difference
was not statistically significant. Smoking status had no significant impact on TDI
scores. According to original TDI scores cut-offs, most subjects (94/138, 68.1%)
were classified as hyposmic (TDI score > 16.5 and < 30.5) while 10 participants
(7.2%) were anosmic (< 16.5) and 34 (24.6%) were normosmic (> 30.5). When
comparing to normative data for age and sex, 26 subjects (18.8%) had a TDI
score below or at the 10th percentile (< p10), 32 (23.2%) had a threshold score
< p10, 20 (14.5%) had a discrimination score < p10, and 14 (10.1%) had an

identification score < p10.

In our cohort, we found 38 subjects (27.5%) with TL below the 10" percentile (<
p10), thus referred to as short TL, and 100 (72.5%) with normal TL (> p10). The

high percentage of volunteers with short TL in our cohort may be related to the
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fact that participants were enrolled among patients in the process of undergoing
surgery. Alternatively, divergence from our results may be partially explained by
the fact that the reference cohort used to build the Flow-FISH curves did not
include many older people. Nevertheless, the group with short TL did not
particularly suffer more from cardiovascular diseases or diabetes, known to be
related to telomere length, than the rest of the cohort [235].

We compared the characteristics of the participants according to their leukocyte
TL (short or normal) (Table 3.2.). Obesity and frailty status were more frequent
in the group with short TL (42.1% vs. 26.0% and 34.2% vs. 22.0%, respectively),

but differences were not statistically significant.

Characteristics Short TL Normal TL P-value

(< p10) (> p10)

n =38 n =100
Age, year 73+5 74+6 0.36
Female, n (%) 20 (52.6) 53 (53.0) 0.97
Active or past smoker, n (%) 21 (55.3) 46 (46.0) 0.33
History of COVID-19, n (%) 6 (15.8) 18 (18.0) 0.76
Arterial hypertension, n (%) 28 (73.7) 76 (76.0) 0.78
Hypercholesterolemia, n (%) 20 (52.6) 57 (57.0) 0.64
Obesity (BMI > 30), n (%) 16 (42.1) 26 (26.0) 0.066
Ischemic cardiopathy, n (%) 10 (26.3) 21 (21.0) 0.50
Diabetes, n (%) 7(18.4) 19 (19.0) 0.94
HADS - depression score 4+3 4+3 0.57
Frailty (EFS > 6/17), n (%) 13 (34.2) 22 (22.0) 0.141

TL: telomere length, BMI: body mass index, HADS: Hospital Anxiety and Depression Scale, EFS: Edmonton

Frail Scale

Table 3.2. Characteristics of the cohort population depending on leukocyte telomere length.
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Among the subjects with a TDI score < p10, 46.2% (12/26) had short TL
compared to 23.2% of the subjects with a TDI score > p10 (P = 0.018)
(Figure 3.1A.). When the identification score was < p10, 8 participants
(57.1%) out of 14 had short TL, while only 30 out of 124 (24.2%) subjects
with an identification score > p10 had short TL (P = 0.022) (Figure 3.1D.).
While showing a similar pattern, the differences regarding discrimination and
threshold scores did not reach statistical significance (Figures 3.1B. and
3.1C.).
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Figure 3.1. Comparison of telomere length according to olfactory scores. (A) TDI score. (B)

Threshold score. (C) Discrimination score. (D) Identification score. TL: telomere length.

When we compared the olfactory score percentiles categories between the
groups according to their TL, short or normal, we found significant differences
for the TDI (P = 0.036), the threshold (P = 0.030), and the discrimination (P =
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0.010) modalities, but not for the identification score.

We next performed linear regression analyses to associate short TL with the TDI
score. In univariable analyses, short TL was significantly associated with the TDI
score (P = 0.041) (Table 3.3.). Adjusting for the BMI had no effect (Table 3.4.).
The relationship between short TL and the TDI score was attenuated and lost

statistical significance when entering the EFS score in the model.

Variable Standardized P-value
regression
coefficient
Short TL -0.174 0.041
Age -0.145 0.090
Sex -0.178 0.036
BMI -0.021 0.80
EFS score -0.317 < 0.001

TL: telomere length, BMI: body mass index, EFS: Edmonton Frail Scale

Table 3.3. Univariable linear regression analysis associating short telomere length and

covariables with the TDI score.
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Variable Standardized P-value
regression
coefficient
Short TL -0.191 0.022
Age -0.183 0.029
Sex -0.197 0.019
Short TL -0.191 0.024
Age -0.183 0.031
Sex -0.197 0.020
BMI -0.001 0.99
Short TL -0.138 0.089
Age -0.108 0.19
Sex -0.215 0.008
EFS score -0.287 < 0.001

TL: telomere length, BMI: body mass index, EFS: Edmonton Frail Scale

Table 3.4. Multivariable linear regression models associating short TL and covariables with
the TDI score.

The group with normal TL included 17 subjects with long TL (> p90), representing
12.3% of the whole cohort of the present study. Among this group with long TL,
only 1 participant (5.9%) had a TDI score < p10, compared to 25 (20.7%) in the
rest of the cohort (P = ns). Finally, we compared the olfactory score percentiles
categories in the three groups of subjects classified according to their TL: short
TL (< p10), average TL (= p10 to < p90), and long TL (> p90). Statistically
significant differences were observed for the TDI, the threshold, and the
discrimination scores, which all increased with TL (Figures 3.2A., 3.2B., and
3.2C.). While noting a similar pattern for the identification modality, the

differences were not significant (Figure 3.2D.).
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Figure 3.2. Olfactory scores percentile category according to short, average, and long
telomere length. A: TDI olfactory score. B: Threshold (T) olfactory score. C: Discrimination (D)

olfactory score. D: Identification () score. TL: telomere length.
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Discussion

Our study unveiled a significant association between low olfactory scores and
short TL in older individuals. In contrast with the composite TDI score, we did
not obtain statistical significance for all separate analyses of the olfactory scores,
which may be attributed to a lack of power. Vohra and colleagues recently
reported that lower scores at the 12-item Brief Smell Identification Test were
associated with short TL — the lowest quartile of their samples, measured with
quantitative polymerase chain reaction (QPCR) —in a large cohort of 1603 older
individuals [239]. Our study, albeit smaller, strengthens these data with extended
olfactory testing and measurement of TL with the gold-standard Flow-FISH
technique [238][237]. One of the major drawbacks of the gPCR technique lies in
its inability to discriminate between the TL of lymphocytes and granulocytes
[240], which is a major issue since aging or diseases affect lymphocytes and
granulocytes TL differently [241]. Furthermore, the Flow-FISH technique
demonstrates far more accuracy and reliability than qPCR, subject to significant
variability [242]. Besides, here, olfactory function and TL assessments were
realized simultaneously, as opposed to their asynchronous data collection over

a 5-year period [239].

Contrary to previous evidence [243][235], cardiovascular diseases and diabetes
were not more common in people with short TL. Although we found a trend
towards higher obesity rates, adjusting for BMI did not affect our results. In the
study by Vohra et al. [239], data were adjusted for several related illnesses,
including diabetes and arterial hypertension. This suggests that these conditions
— specifically obesity and diabetes, which have been related to olfactory
impairment — may not be responsible for the connection between olfactory

dysfunction and short TL.

Interestingly, consideration of frailty hindered the relationship between olfaction
and short TL, supporting the idea that they share a common biological

component. Although there is clear evidence that frailty is linked to olfactory
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dysfunction [203], contradictory results have been reported for TL [244][245].
These studies, however, used qPCR to measure TL and suffered from
heterogeneity, especially in frailty assessments. A recent study on Chinese
participants aged 75 years and older found no correlation between Fried's frailty
criteria and TL [246]. On the contrary, a significant relationship was reported in
a younger cohort (40-69 years) [247]. In the present study, frailty tended to be
more frequent in older persons with short TL, although this was not statistically
significant. Therefore, it seems difficult to associate short TL with frailty [248].
Conclusions may, nonetheless, be difficult to draw based on the fact that, in
cohorts of older individuals, there might be a survival bias towards an enrichment
of people with reduced frailty. This is in line with a recent meta-analysis, which
showed an increased risk of all-cause mortality in people with short TL but with
a weaker link in the oldest part of the sample [249]. Altogether, and despite
missing a clear-cut answer concerning frailty, these results suggest complex and

intricate links between olfaction, TL, frailty, and mortality in older individuals.

To account for the discrepancies between studies, Sanders and colleagues
suggested that TL could be a biomarker of aging in specific tissues rather than
at the level of the whole organism [250]. Yet, the olfactory system relies on
continuous cellular neurogenesis, and alteration of these processes may
account for olfactory decline [34]. A study performed on mice with short TL
showed impaired cellular regeneration of the olfactory epithelium when
subjected to induced damage compared to wild-type mice with long TL [251].
The olfactory system may thus be more sensitive to short TL than other tissues,
which may account for the strong association between olfactory function and TL.
Nevertheless, differences in olfactory function were not observed between the
two groups of mice in the absence of induced damages, suggesting that, in
humans, the link between short TL and impaired olfactory function may only
appear with age, when the regenerative potential of the olfactory system may be
exhausted by cumulative damages to the olfactory epithelium. It will also be

interesting to test whether the protective effects of long TL on olfactory function

146



CHAPTER 5

are mediated through an impact on the nasal epithelium or on neurons within the

brain regions linked to olfaction.

We showed that olfactory scores improved with TL in a dose-dependent fashion.
The TDI, the threshold, and the discrimination scores were all higher in people
with long TL than the participants with short TL. It is interesting to note that there
are still debates about whether longer TL predicts prolonged lifespan [236].
Along this line, long TL could favor certain cancer types [252]. However,
research conducted on hyper-long TL mice showed less cancer incidence and
increased longevity [253]. In humans, long TL was more frequent in the oldest
old, probably reflecting a survivor effect [254]. Furthermore, "healthy"
centenarians tend to have longer TL than "unhealthy" ones [255]. Nevertheless,
the fact that a better sense of smell and longer TL are related provides mutual

evidence for both being indicators of aging.

This study has several limitations. As discussed earlier, some results probably
suffered from a small sample size. Besides, our cohort was composed of
preoperative patients, which may have influenced our results. In our analyses,

we used only one screening tool, the EFS, to evaluate frailty status.

In conclusion, we found a positive correlation between global olfactory function
and telomere length in older individuals. Our findings provide further evidence
for the intricate — but still not fully elucidated — links existing between sense of
smell, telomere length, and frailty. Additional studies are needed to fully

understand the significance of these markers as hallmarks of biological aging.
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Graphical summary of the main findings from Chapter 5.

148



149



150



SECTION 4 -

DISCUSSION AND
PERSPECTIVES

151



152



DISCUSSION AND PERSPECTIVES

Foreword

Getting to know better the "special sense through which odors are perceived",

aka olfaction, has been quite an exciting journey ...

Our primary objective was to understand the mechanisms underpinning this
intriguing relationship between olfactory dysfunction and increased mortality risk
in adults. The 1-year postsurgical outcome in our studies was mainly marked by
morbidity, not mortality, thankfully for the kind participating patients. This did not
prevent us from obtaining significant results that reinforced some of our baseline
hypotheses [12]. So now, what do we genuinely believe drives the link between
poor smell and worse outcome? Assessing the olfactory function of perioperative
patients provided new evidence on its link with physical frailty, cognition, and
cellular senescence. In the end, are they not all actors in the same story? Are
they not all somewhat connected inside a greater entity of body and brain

vulnerability?

Testing the olfactory function of the patients waiting to undergo elective surgery
is uncommon, to say the least. Today, and with great dismay, healthcare
providers must deal with a lack of time, performance obligations, and financial
issues. Is preoperative olfactory testing feasible in real life? But, above all, is

there a point?

Before discussing the perspectives of this work, | wish to make a short
digression. A few weeks after | finally got the authorization from the Ethical
Committee to start including patients, we were instructed to stay at home
because of a highly contagious killer virus spreading all over the world. The icing
on the cake, this virus would turn off the sense of smell in most infected people.
If we were to return to “normal life”, how could the objectives of this work be
properly fulfilled in an anosmic population? Looking back over the past four
years, COVID-19 did not have the impact | initially thought it would have on my

thesis. For the first part of my work, very few older people had contracted the
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virus because they were mostly staying cloistered at home. As to the second
study, we enrolled some patients — representing 14% of the cohort — who had
once tested positive for COVID-19 but had no lasting subjective olfactory
impairment. We included COVID-19 as a covariable in our analyses, but
fortunately, it did not influence any of our results. In all of this, beyond slowing
down the recruitment phase, COVID-19 has not represented that much of an

issue here.
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What truly underlies the link between olfactory dysfunction and worse

outcome?

We now firmly believe that frailty is the main factor driving the relationship
between poor smell and bad outcome in older individuals. But what is really
hidden behind these seven letters? Conceptualizing frailty is challenging, as so
many definitions and diagnostic tests exist. By traveling across the possible
mechanisms we had previously formulated [12], we will discuss their implication
and, especially, their connection to frailty. Lastly, by exploring the facets of frailty
differently, we wish to propose a more global vision of the interplay between
olfactory impairment, physical frailty, cognitive impairment, cellular senescence,

and, ultimately, outcome.

The first hypothesis appearing in our narrative review concerned the direct
effects of a decline in smell on the human body [12]. First, the negative
consequences on our "eating experience" may certainly have a role [256].
Everyone has already felt the despair of not tasting anything of a meal when
suffering from a simple cold. Unfortunately, we could not collect precise data
about food intake and nutrition markers in our studies. Besides, some debates
may remain regarding olfactory impairment and malnutrition in the geriatric
population [32]. Nevertheless, we do know that the chronic undernutrition that
may arise from eating less — or not adequately — will lead to weight loss,
sarcopenia, and, more generally, physical frailty [129]. Weight loss itself is, in

fact, a mediating factor in Liu's study [65].

The preliminary results of our second study showed an effect of depressive
symptoms. The fact that a lack of social physical contact — which may also be
related to depression — in olfactory-impaired women could contribute to the
increase in mortality adds another argument for a direct effect of olfaction [84].
Pang et al. suggested that depression could impair olfaction and increase
mortality risk through inflammatory cytokines [212]. Indeed, cytokines levels are

higher in patients suffering from major depression, as well as in older adults with
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olfactory dysfunction [257][258]. Yet, chronic low-grade inflammation and
immune activation may contribute to the development of frailty [259]. However,
one study discovered a specific plasma cytokine signature related to olfactory
dysfunction that differed from that of physical frailty [258]. In contrast, increased
IL-6 levels were found to have a potential role in the association between self-
reported olfactory impairment and frailty [107]. Hence, how chronic inflammation
may underlie the links between all the components interacting in a larger frailty

concept remains unanswered.

Medical illnesses have known associations with olfactory impairment [50][12].
Statistically speaking, they were found to either mediate slightly or have no effect
on the olfaction and mortality link, both in previous studies and in our work
[61][62][184]. Obviously, one cannot deny the impact of comorbidities on the life
expectancy of older adults. What we should not miss here is that, rather than the
diseases per se, it is the way the body responds to medical comorbidities — and
thus its physiological reserve — that will determine the relevance of medical
diseases. In a large study on adults over 65, people who were diagnosed as frail
by the physical frailty phenotype had a higher risk of death than frail people
classified as such with the frailty index [208]. This supports the idea that an
accumulation of health deficits is a poorer reflection of the vulnerability of
individuals. Besides, our work confirms the fascinating finding that olfactory
impairment predicts worse outcome regardless of age and medical illnesses.
This is a supplementary argument for incorporating the sense of smell into a new

frailty construct.

It makes no doubt that olfaction is closely connected to cognition and that it
drives, at least partially, the relationship between poor smell and worse outcome
[65][12]. Indeed, in this work, preoperative cognition lost its predictive ability of
postoperative complications in multivariable analyses containing olfactory
function. This suggests that olfaction would account for cognitive function. We

also found that preoperative olfactory impairment predicts poor postoperative
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neurocognitive function, and that cognitively-impaired patients experience a
decline in their immediate postoperative olfactory function. A recent trial found
that olfactory dysfunction was associated with impaired baseline cognition and
a greater incidence of postoperative delirium [225]. Overall, these findings
indicate that olfactory function provides reliable insight into the older population's
cognitive reserve. Furthermore, preoperative frailty is a proven risk factor for
postoperative delirium in older surgical patients [260][261]. Cognitive
vulnerability and physical frailty are both strongly linked to olfactory function and

should stand together as they share common mechanisms [167][184].

At the cellular level, Xiao and colleagues recently proposed that the olfactory
epithelium regenerative dysfunction caused by telomere shortening could
constitute one of the underlying mechanisms in the pathway to mortality [256].
We believe that the relationship between smell and telomere length may go far
beyond this. Our data provide new evidence to support links between short
telomere length, olfactory impairment, and physical frailty. Again, medical
comorbidities do not seem to be the driving factor here. A small prospective trial
involving patients undergoing spinal deformity surgery detected preoperative
shorter telomere length in the patients developing postoperative complications
[262]. Telomere shortening may thus reveal itself as an indicator of vulnerability
when facing stressful conditions. A large study found that the combination of
short telomere length and physical frailty had a substantial synergistic effect on
their predictive ability of long-term all-cause mortality [263]. Therefore, this
suggests that physical frailty and short telomere length could involve distinct
mechanisms of biological aging, each deserving a unique place in a broader

frailty construct.

In our two ftrials regarding poor postoperative outcome, physical frailty
consistently had the greatest impact on the predictive power of olfactory function
[184]. Overall, our work offers compelling arguments for a strong connection

between olfaction — potentially to different extents for threshold, discrimination,
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and identification — and frailty. When comparing the physical frailty phenotype
and the frailty index to identify frail individuals, the highest agreement was found
in the most vulnerable adults, probably ticking many boxes of frailty aspects
[208]. Olfactory function could in fact rally various facets of frailty and, hence,
could be reasonably integrated into a larger frailty assessment tool, as also

suggested by Nagururu et al [203].

In Figure 4.1., we propose an enlarged frailty concept encompassing olfactory
impairment, short telomere length, physical frailty, and low cognitive reserve. We
also illustrate the complex interplay between these components, which may
imply — in different ways and non-exhaustively — comorbidities, depression,
undernutrition, or cognitive impairment. Finally, they all somehow constitute
surrogate markers for the vulnerability that may affect older individuals in the

course of biological aging.

In the perioperative context, improving our assessment of frailty will give us a
better grasp of a patient's capacity to cope with the stressful event of surgery. In
the end, it is all about trying to decrease the burden of surgery on both the brain
and the body. Hopefully, optimizing the identification of high-risk patients — who
would maybe benefit from prevention strategies — may be a start, even if there

is still some way to go in accurately predicting postoperative complications.
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Figure 4.1. lllustration of our proposed novel understanding of frailty. In older individuals,
olfactory impairment, short telomere length, physical frailty, and low cognitive reserve are all
closely linked to one another. These markers of vulnerability may plant the seeds of poor
medical and cognitive outcome after surgery.
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Preoperative olfactory testing: is there really a point?

Although healthcare providers recognize frailty's value, the use of screening
tests is still limited [264]. Yet, as mentioned above, accurately detecting a frail
patient is a fundamental first step before considering any intervention strategy
targeting frailty itself or its damaging health consequences [208]. The
considerable panel of frailty tests available reflects again the complexity of this
concept. In addition to our findings and previous discussions, the fact that
olfactory function has been associated with many of them supports the idea that

smell itself could serve as a "bellwether" of frailty [204].

While we have emphasized at length the necessity of preoperative frailty
identification, we must acknowledge its relatively weak potential in predicting
poor postoperative outcome [217]. The positive correlation, as strong as it may
be, between a test and a specific outcome does not automatically imply
performance in discriminating whether a patient will or will not develop the
outcome. Then, what about the performance of olfactory function evaluation?
The answer to this question is twofold and depends on the type of surgical
population — and thus the incidence of postoperative complications — we are

considering.

First, let's discuss patients who undergo vascular surgery. In our cohort, half of
them eventually developed postoperative complications. As anesthesiologists,
we are well aware of the high rate of morbidity and mortality occurring in the
perioperative course of these frail patients [214][265]. Therefore, in any case, we
already plan to provide these patients with very meticulous anesthesiologic care.
The value of olfactory testing in this population comes from its high positive
predictive value (77.8%), meaning that most patients with a poor sense of smell
will suffer from postoperative morbidity. For instance, if we are unsure whether
there is a benefit in planning postoperative monitoring in the intensive care unit
or keeping the patient one more night in the hospital, the presence of olfactory

dysfunction could help tip the scale. Indeed, intensive care monitoring or even
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longer in-hospital stays carry heavy implications regarding healthcare costs and

resource use, which prevent their application for every surgical patient.

When we analyze the data of patients who had hip or lower back surgery,
complications only affected one out of five patients after one year. In case of a
lower postoperative incidence, olfactory impairment, much like frailty screening
tests, has actually poor discriminative power regarding the occurrence of
morbidity and mortality. In contrast, preoperative olfactory testing shows benefit
in the high negative predictive value of normosmia (90.7%). Normosmic patients
will rarely suffer from postoperative complications. As a result, they are the ones
who could safely participate in Enhanced Recovery After Surgery (ERAS)
outpatient programs, which are now being implemented for surgeries such as
total hip replacement [266]. This kind of program may enhance patient
satisfaction and surgical outcomes while minimizing costs and resource usage
[267].

As anesthesiologists, we stand in a unique position to develop "value-based"
care in the surgical setting, which fosters both better patient outcomes and cost-
effectiveness [268]. In this evolving paradigm of perioperative medicine,
olfactory testing may thus have a part to play in categorizing the patients based
upon their risk to personalize pathways. Also, with improved patient selection,
we can switch from reactive medicine towards setting up preventative programs
early in the preoperative period. In fact, this goes further than simply aiming to
reduce morbidity directly linked to the surgery event in question. Instead, it is
more about improving patients' health to prevent them from needing the next —

certainly more invasive — surgical procedure [269].

To illustrate our point, could we imagine including olfactory-impaired patients in
a preoperative cognitive training program? Even if such programs are still under
investigation, some studies have shown a potential impact on postoperative
neurocognitive disorders [270][271]. Yet, we believe that the sense of smell may

be an opened window directly into the brain's cognitive reserve. Indeed, in our
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study, olfactory testing is more discriminative than the MoCA test in predicting
postoperative neurocognitive disorder in — a priori — cognitively healthy
individuals. Olfactory testing could be valuable for selecting the patients who
could gain the most from cognitive prehabilitation. What about olfactory training?
Perspectives on its — certainly mild — cognitive effects are encouraging [100][272]
but more evidence is needed before we can rejoice. As to “improving” physical
frailty, there is no existing data but it seems rather unlikely that olfactory training

could have a real influence.

More specifically, our data highlight the link between preoperative olfactory
dysfunction and the apparition of subjective cognitive concerns after surgery.
Though not given due recognition in the past, subjective impairment must be
considered a poor cognitive postoperative outcome [161]. Besides, this is
especially true in a patient-centered, value-based system. This year, Li and
colleagues undertook the quite unconventional task of analyzing The Guardian's
website user comments that were submitted under a journalist — David Cox —
article entitled: "The hidden long-term risks of surgery: "It gives people's brains

a hard time"", published in April 2022 [273]. When reading the comments, we
understand that lay people tend to focus more on subjective symptoms and their
emotional impact. The authors extracted this particular comment, which says it
perfectly: "I just want my brain back, it was a great brain, and | miss it". Yet,
unfortunately, the people reported encountering a dismissive attitude from
healthcare providers regarding these complaints. What was also pointed out is
the missed preoperative opportunity to warn people about these potential
cognitive changes after surgery [273]. As perioperative physicians, we must
increase our awareness of the negative cognitive experiences our patients may
undergo. Preoperative olfactory function testing may allow us to hold meaningful
information as to postoperative cognitive risk, which, in turn, may be explained

and discussed with the patients before they get their surgery.
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Speaking of patient experience, olfactory function testing has been globally well
received by preoperative patients. Besides, the COVID-19 pandemic has raised
awareness about the importance of smell, increasing people's curiosity about
their own olfactory function. Most people found joy and distraction in smelling
the odors (apart from the fish odor, let's be honest). Yet, we should not
underestimate the impact of preoperative anxiety in older patients. In the eternal
pro-con debate for benzodiazepine administration, every small distractive

technique may have value before surgery [274].

However, testing all three olfactory modalities may be burdensome in an older
population. The threshold test may be particularly taxing [211]. Moreover, also
from our experience, the discrimination task is often lengthy. Considering our
work's engaging results, we should concentrate our future efforts on the
pragmatic implementation of olfactory testing. While analyzing data for the three
subsets of olfaction increased our findings' robustness, it also demonstrated the
reliability of the identification test in representing global olfactory function in the
domain of perioperative frailty. From a clinical point of view, the identification
subtest offers numerous advantages. Besides being amusing and easy to follow
for the patient, it is quick, bedside-friendly, and simple to administer [25].
Therefore, at a time when healthcare resources and time must be judiciously
used, focusing on the olfactory identification function seems a reasonable option

in the perioperative clinical setting.

Then, how are we planning to define the "best" preoperative olfactory
identification test? One goal could be to transpose our findings obtained from
the global TDI score into adjusted reliable cut-offs for use with the identification
test alone. For instance, we show that orthopedic patients with a global TDI score
of 30.5 or higher have a significantly lower likelihood of experiencing
postoperative complications. For which value of the 16-point identification score

may we get the same significant information?
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Furthermore, we may wonder whether some odors could have better
discriminative power than others. We had actually found quite noteworthy results
in our first study using exclusively the Sniffin' Sticks 12-item identification [184].
We could then imagine picking out the most effective odors of the 16-item test
to create a smaller, yet equally reliable, identification screening test. In the study
by Cao and colleagues, they found the ability to smell "coffee" to be significantly
associated with 10-year mortality [232]. The participants who could not
recognize coffee — which was, in fact, the most correctly identified odor in this
Chinese cohort — may then be more likely to actually suffer from olfactory
dysfunction [256]. Along these lines, a brief coffee smell identification test has
also recently been shown to increase the sensitivity of the MMSE in accurately
detecting cognitive impairment [275]. On the other hand, the familiarity of
turpentine smell seemed low in our cohort and has been shown to drop in much
younger populations [276], which may question its significance in a screening
test. These few findings may open avenues for subsequent odor-specific
research. Indeed, further investigations — both in our database and in future
studies — must be undertaken before making any premature assumptions about
the potential superiority of one smell over another. Besides, we should take into

consideration that perceptions of smell can vary across different cultures [277].

What about the test-retest reliability of such a test? This is especially relevant for
clinical use and when considering the dynamic process of aging. Both the 16-
item and the 12-item versions of the Sniffin' Sticks identification test have shown
good performance in that matter [25][278]. Still, the more odorants we test, the
higher the test-retest reliability. Therefore, we should also keep this in mind while

determining the "best" preoperative olfactory tool.

One last point should retain our attention. Typically, administering a test — of any
kind — requires the need for a trained healthcare professional to spend time with
the patient. As mentioned earlier, the olfactory identification test is neither

complicated nor long to administer. Still, with a view to optimizing resources and
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time, we might want to take the potential of olfactory screening a step further.
Self-assessment with the Sniffin' Sticks seems a feasible option for the
identification subset, even in older or olfactory-impaired participants [279][280].
Thus, we could imagine setting up a dedicated space for preoperative patients
to self-assess their olfactory identification function just before having their
anesthesia consultation. Otherwise, "scratch and sniff" olfactory screening tests
have been developed, among which the Pocket Smell Test containing 8 odorants
or the Brief Smell Identification Test using 12 items derived from the University
of Pennsylvania Smell Identification Test (UPSIT) [281][282]. Self-assessment
is made a lot easier with this kind of test since they are specifically designed to
that end. In this case, we could simply send the patient one test to complete
before coming to the anesthesia preoperative visit. Nonetheless, the high cost
of these tests (from 10 to 20 €, excl. VAT, per each test) is likely to limit their use

in the current healthcare paradigm.
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Epilog

Let's face it: the perfect test does not exist. We cannot detect every frail patient,
and we do not possess the crystal ball that could foretell what will happen after

surgery. At least not completely. At least not today.

Yet, this thesis presents a unique and innovative approach to assessing
preoperative older patients. At our small level, we managed to demonstrate the
value of olfactory testing in older patients scheduled for surgery. Aside from
composing the perfect blend of odors to assess, defining the rightful place of
olfactory function in the perioperative care algorithm will definitely constitute the

next real challenge.

From a more theoretical point of view, we put a name on what we believe mainly
drives the road between poor smell and increased death. Across the
perioperative spectrum, and with a little dive into cellular biology, we share a
more comprehensive understanding of the famous culprit, that is frailty. Olfactory
dysfunction, physical frailty, low cognitive reserve, and, finally, short telomere
length are all interconnected pieces in the giant puzzle of true aging.
Undoubtedly, there are still some missing pieces here, but hopefully, those will
be identified soon enough. Meanwhile, we shall adopt this wider frailty construct

when taking care of the older patient in front of us.

Our journey does not end here. This work reinforces once again the singularity
and multifaceted nature of the sense of smell. We intend to keep discovering the
many unexplored features olfaction has in store for us. Who would have ever bet
that anesthesiologists would need to test their patients' olfactory function before

surgery?

The future smells good ... Be prepared to sniff, people!

166



167



168



REFERENCES

169



170



REFERENCES

10.

1.

12.

13.

14.

15.

16.

Enoch J, McDonald L, Jones L, Jones PR, Crabb DP. Evaluating Whether
Sight Is the Most Valued Sense. JAMA Ophthalmol 2019; 137: 1317-1320.

Stevenson RJ. An initial evaluation of the functions of human olfaction.
Chem Senses 2009; 35: 3—-20.

Croy |, Nordin S, Hummel T. Olfactory disorders and quality of life-an
updated review. Chem Senses 2014; 39: 185-194.

Bushdid C, Magnasco MO, Vosshall LB, Keller A. Humans can Discriminate
more than one Trillion Olfactory Stimuli. Science (80- ) 2014; 343: 1370—
1372.

Hummel T, Power Guerra N, Gunder N, Hahner A, Menzel S. Olfactory
Function and Olfactory Disorders. Laryngorhinootologie 2023; 102: S67—
S92.

Huart C, Rombaux P. Nasal Physiology and Pathophysiology of Nasal
Disorders. Onerci TM, ed, Springer 2013; 113-137.

Cleland TA, Linster C. Central olfactory structures. Handb Clin Neurol 2019;
164: 79-96.

Huart C, Rombaux P, Hummel T. Plasticity of the human olfactory system:
The olfactory bulb. Molecules 2013; 18: 11586—11600.

Fonteyn S, Huart C, Deggouj N, Collet S, Eloy P, Rombaux P. Non-
sinonasal-related olfactory dysfunction: A cohort of 496 patients. Eur Ann
Otorhinolaryngol Head Neck Dis 2014; 131: 87-91.

Tsukahara T, Brann DH, Datta SR. Mechanisms of SARS-CoV-2
Associated Anosmia. Physiol Rev 2023; 103: 2759-2766.

Hummel T, Landis BN. Smell and taste disorders. 2011; 10: 1-15.

Van Regemorter V, Hummel T, Rosenzweig F, Mouraux A, Rombaux P,
Huart C. Mechanisms Linking Olfactory Impairment and Risk of Mortality.
Front Neurosci 2020; 14: 140.

Boesveldt S, Postma EM, Boak D et al. Anosmia-A clinical review. Chem
Senses 2017; 42: 513-523.

Doty RL. Age-Related Deficits in Taste and Smell. Otolaryngol Clin North
Am 2018; 51: 815-825.

Landis BN, Hummel T, Hugentobler M, Giger R, Lacroix JS. Ratings of
overall olfactory function. Chem Senses 2003; 28: 691-694.

Létsch J, Hummel T. Clinical Usefulness of Self-Rated Olfactory
Performance—A Data Science-Based Assessment of 6000 Patients. Chem

171



REFERENCES

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Senses 2019; 44: 357-364.

Oleszkiewicz A, Hummel T. Whose nose does not know? Demographical
characterization of people unaware of anosmia. Eur Arch Oto-Rhino-
Laryngology 2019; 276: 1849-1852.

Fahmy M, Whitcroft K. Psychophysical Testing in Chemosensory Disorders.
Curr Otorhinolaryngol Rep 2022; 10: 393—404.

Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‘Sniffin’ sticks’. Olfactory
performance assessed by the combined testing of odor identification, odor
discrimination and olfactory threshold. Chem Senses 1997; 22: 39-52.

Rumeau C, Nguyen DT, Jankowski R. How to assess olfactory performance
with the Sniffin’ Sticks test®. Eur Ann Otorhinolaryngol Head Neck Dis
2016; 133: 203-206.

Hummel T, Kobal G, Gudziol H, Mackay-sim A. Normative data for the *
Sniffin ’ Sticks ” including tests of odor identification, odor discrimination,
and olfactory thresholds: an upgrade based on a group of more than 3,000
subjects. Eur Arch Oto-Rhino-Laryngology 2007; 264: 237—243.

Kobal G, Klimek L, Wolfensberger M et al. Multicenter investigation of 1,036
subjects using a standardized method for the assessment of olfactory
function combining tests of odor identification, odor discrimination, and
olfactory thresholds. Eur Arch Oto-Rhino-Laryngology 2000; 257: 205-211.

Noel J, Habib A-RR, Thamboo A, Patel ZM. Variables associated with
olfactory disorders in adults: A U.S. population-based analysis. World J
Otorhinolaryngol - Head Neck Surg 2017; 3: 9-16.

Oleszkiewicz A, Schriever VA, Croy |, Hahner A, Hummel T. Updated
Sniffin > Sticks normative data based on an extended sample of 9139
subjects. Eur Arch Oto-Rhino-Laryngology 2019; 276: 719-728.

Hummel T, Konnerth CG, Rosenheim K, Kobal G. Screening of olfactory
function with a four-minute odor identification test: Reliability, normative
data, and investigations in patients with olfactory loss. Ann Otol Rhinol
Laryngol 2001; 110: 976-981.

Schubert CR, Cruickshanks KJ, Fischer ME et al. Olfactory impairment in
an adult population: The beaver dam offspring study. Chem Senses 2012;
37: 325-334.

Doty RL, Kamath V. The influences of age on olfaction : a review. Front
Psychol 2014; 5: 1-20.

Ajmani GS, Suh HH, Pinto JM. Effects of ambient air pollution exposure on
olfaction: A review. Environ Health Perspect 2016; 124: 1683—1693.

172



REFERENCES

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ajmani GS, Suh HH, Wroblewski KE et al. Fine particulate matter exposure
and olfactory dysfunction among urban-dwelling older US adults. Environ
Res 2016; 151: 797-803.

Cerf-Ducastel B, Murphy C. Age-related differences in the neural substrates
of cross-modal olfactory recognition memory : An fMRI investigation. Brain
Res 2009; 1285: 88-98.

Attems J, Walker L, Jellinger KA. Olfaction and Aging: A Mini-Review.
Gerontology 2015; 61: 485—490.

Gunzer W. Changes of olfactory performance during the process of aging —
Psychophysical testing and its relevance in the fight against malnutrition. J
Nutr Heal Aging 2017; 21: 1010-1015.

Marin C, Langdon C, Alobid | et al. Olfactory Dysfunction in
Neurodegenerative Diseases. Curr Allergy Asthma Rep 2018; 18.

Huart C, Rombaux P, Hummel T. Neural plasticity in developing and adult
olfactory pathways — focus on the human olfactory bulb. J Bioenerg
Biomembr 2019; 51: 77-87.

Hedner M, Nilsson LG, Olofsson JK et al. Age-related olfactory decline is
associated with the BDNF val66met polymorphism: Evidence from a
population-based study. Front Aging Neurosci 2010; 2: 1-7.

Wang Q-S, Tian L, Huang Y-L, Qin S, He L-Q, Zhou J-N. Olfactory
identification and apolipoprotein E €4 allele in mild cognitive impairment.
Brain Res 2002; 951: 77-81.

Graves AB, Bowen JD, Rajaram L et al. Impaired olfaction as a marker for
cognitive decline: Interaction with apolipoprotein E €4. Neurology 1999; 53:
1480-1487.

Olofsson JK, Ronnlund M, Nordin S, Nyberg L, Nilsson LG, Larsson M.
Odor identification deficit as a predictor of five-year global cognitive change:
Interactive effects with age and ApoE-¢4. Behav Genet 2009; 39: 496-503.

Doty RL, Petersen I, Mensah N, Christensen K. Genetic and Environmental
INfluences on Odor Identification Ability in the Very Old. Psychol Aging
2011; 26: 864-871.

Braak H, Del Tredici K. Neuropathological Staging of Brain Pathology in
Sporadic Parkinson’s disease: Separating the Wheat from the Chaff. J
Parkinsons Dis 2017; 7: S73-S87.

Sanford AM. Anorexia of aging and its role for frailty. Curr Opin Clin Nutr
Metab Care 2017; 20: 54-60.

173



REFERENCES

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Gauthier S, Reisberg B, Zaudig M et al. Mild cognitive impairment. Lancet
2006; 367: 1262—1270.

Conti MZ, Vicini-chilovi B, Riva M et al. Odor Identification Deficit Predicts
Clinical Conversion from Mild Cognitive Impairment to Dementia Due to
Alzheimer’ s Disease. 2013; 28: 391-399.

Devanand DP. Olfactory Identification Deficits, Cognitive Decline, and
Dementia in Older Adults. Am J Geriatr Psychiatry 2016; 24: 1151-1157.

Adams DR, Kern DW, Wroblewski KE, McClintock MK, Dale W, Pinto JM.
Olfactory Dysfunction Predicts Subsequent Dementia in Older U.S. Adults.
J Am Geriatr Soc 2018; 66: 140-144.

Jung HJ, Shin I-S, Lee J-E. Olfactory Function in Mild Cognitive Impairment
and Alzheimer’s Disease: A Meta-analysis. Laryngoscope 2019; 129: 362—
369.

Berardelli A, Wenning GK, Antonini A et al. EFNS/MDS-ES
recommendations for the diagnosis of Parkinson’s disease. Eur J Neurol
2013; 20: 16-34.

Haehner A, Masala C, Walter S, Reichmann H, Hummel T. Incidence of
Parkinson’s disease in a large patient cohort with idiopathic smell and taste
loss. J Neurol 2019; 266: 339—-345.

Gjerde KV, Miiller B, Skeie GO, Assmus J, Alves G, Tysnes O. Hyposmia in
a simple smell test is associated with accelerated cognitive decline in early
Parkinson ’ s disease. 2018; 508-514.

Landis BN, Konnerth CG, Hummel T. A Study on the Frequency of
Olfactory Dysfunction. Laryngoscope 2004; 114: 1764—1769.

Huart C, Eloy P, Rombaux P. ‘Olfaction’. Nasal Physiol Physiopathol Nasal
Disord ed T M Onerci, (Berlin Springer): 113-137.

Yulug B, Saatci O, Isiklar A et al. The association between HbA1c levels,
olfactory memory and cognition in normal, pre-diabetic and diabetic
persons. Endocr Metab Immune Disord Drug Targets 2019;

Mackay-sim A, Johnston ANB, Owen C, Burne THJ. Olfactory Ability in the
Healthy Population : Reassessing Presbyosmia. 2006; 763—-771.

Létsch J, Geisslinger G, Hummel T. Sniffing out pharmacology: Interactions
of drugs with human olfaction. Trends Pharmacol Sci 2012; 33: 193-199.

Létsch J, Knothe C, Lippmann C, Ultsch A, Hummel T, Walter C. Olfactory

drug effects approached from human-derived data. Drug Discov Today
2015; 20: 1398-1406.

174



REFERENCES

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Lotsch J, Daiker H, Hahner A, Ultsch A, Hummel T. Drug-target based
cross-sectional analysis of olfactory drug effects. Eur J Clin Pharmacol
2015; 71: 461-471.

Doty RL, Bromley SM. Effects of drugs on olfaction and taste. Otolaryngol
Clin North Am 2004; 37: 1229-1254.

G. Ottaviano, E. Savietto, B. Scarpa, A. Bertocco, P. Maculan, G. Sergi, A.
Martini, E. Manzato GM. Influence of number of drugs on olfaction in the
elderly. Rhinology 2018; 56: 351-357.

Wilson RS, Yu L, Bennett DA. Odor identification and mortality in old age.
Chem Senses 2011; 36: 63-67.

Gopinath B, Sue CM, Kifley A, Mitchell P. The association between
olfactory impairment and total mortality in older adults. Journals Gerontol -
Ser A Biol Sci Med Sci 2012; 67 A: 204—-209.

Pinto JM, Wroblewski KE, Kern DW, Schumm LP, McClintock MK. Olfactory
dysfunction predicts 5-year mortality in older adults. PLoS One 2014; 9: 1—
9.

Devanand DP, Lee S, Manly J et al. Olfactory identification deficits and
increased mortality in the community. Ann Neurol 2015; 78: 401-411.

Schubert CR, Fischer ME, Pinto AA et al. Sensory Impairments and Risk of
Mortality in Older Adults. Journals Gerontol Ser A Biol Sci Med Sci 2017;
72: 710-715.

Ekstrém I, Sjélund S, Nordin S et al. Smell Loss Predicts Mortality Risk
Regardless of Dementia Conversion. J Am Geriatr Soc 2017; 65: 1238—
1243.

Bojing Liu, Zhehui Luo, Jayant M. Pinto, Eric J. Shiroma, Gregory J.
Tranah, Karin Wirdefeldt, Fang Fang, Tamara B. Harris HC. Relationship
Between Poor Olfaction and Mortality Among Community-Dwelling Older
Adults A Cohort Study. Ann Intern Med 2019; 170: 673-681.

Oleszkiewicz A, Kunkel F, Larsson M, Hummel T. Consequences of
undetected olfactory loss for human chemosensory communication and
well-being. Philos Trans R Soc B Biol Sci 2020; 375: 20190265.

Palouzier-paulignan B, Lacroix MC, Aimé P et al. Olfaction under metabolic
influences. Chem Senses 2012; 37: 769-797.

Garrison JL, Knight ZA. Linking smell to metabolism and aging: The

olfactory system can have direct effects on energy homeostasis. Science
(80-)2017; 358: 718-719.

175



REFERENCES

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Mortreux M, Foppen E, Denis RG et al. New roles for prokineticin 2 in
feeding behavior, insulin resistance and type 2 diabetes: Studies in mice
and humans. Mol Metab 2019; 29: 182-196.

Min JY, Min KB. Insulin resistance and the increased risk for smell
dysfunction in US adults. Laryngoscope 2018; 128: 1992—-1996.

Gopinath B, Russell J, Sue CM, Flood VM, Burlutsky G, Mitchell P.
Olfactory impairment in older adults is associated with poorer diet quality
over 5 years. Eur J Nutr 2016; 55: 1081-1087.

Dong J, Pinto JM, Guo X et al. The Prevalence of Anosmia and Associated
Factors among U.S. Black and White Older Adults. Journals Gerontol - Ser
A Biol Sci Med Sci 2017; 72: 1080-1086.

Richardson BE, Vander Woude EA, Sudan R, Thompson JS, Leopold DA.
Altered olfactory acuity in the morbidly obese. Obes Surg 2004; 14: 967—
969.

Gouveri E, Katotomichelakis M, Gouveris H, Danielides V, Maltezos E,
Papanas N. Olfactory dysfunction in type 2 diabetes mellitus: An additional
manifestation of microvascular disease? Angiology 2014; 65: 869-876.

Hoffman HJ, Rawal S, Li CM, Duffy VB. New chemosensory component in
the U.S. National Health and Nutrition Examination Survey (NHANES): first-
year results for measured olfactory dysfunction. Rev Endocr Metab Disord
2016; 17: 221-240.

Santos D, Reiter E, DiNardo L, Costanzo R. Hazardous Events Associated
With Impaired Olfactory Function. Arch Otolaryngol - Head Neck Surg 2004;
130: 317-319.

Pence TS, Reiter ER, DiNardo LJ, Costanzo RM. Risk factors for hazardous
events in olfactory-impaired patients. JAMA Otolaryngol - Head Neck Surg
2014; 140: 951-955.

Kramarow E, Chen LH, Hedegaard H, Warner M. Deaths from unintentional
injury among adults aged 65 and over: United States, 2000-2013. NCHS
Data Brief 2015; 199.

Gopinath B, Anstey KJ, Sue CM, Kifley A, Mitchell P. Olfactory impairment
in older adults is associated with depressive symptoms and poorer quality
of life scores. Am J Geriatr Psychiatry 2011; 19: 830-834.

Croy |, Negoias S, Novakova L, Landis BN, Hummel T. Learning about the
Functions of the Olfactory System from People without a Sense of Smell.
2012; 7.

Sivam A, Wroblewski KE, Alkorta-Aranburu G et al. Olfactory dysfunction in

176



REFERENCES

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

older adults is associated with feelings of depression and loneliness. Chem
Senses 2016; 41: 293-299.

Morales-Medina JC, lannitti T, Freeman A, Caldwell HK. The olfactory
bulbectomized rat as a model of depression: The hippocampal pathway.
Behav Brain Res 2017; 317: 562-575.

Zou LQ, Yang ZY, Wang Y et al. What does the nose know? Olfactory
function predicts social network size in human. Sci Rep 2016; 6: 4-9.

Leschak CJ, Eisenberger NI. The role of social relationships in the link
between olfactory dysfunction and mortality. PLoS One 2018; 13: 1-9.

R. S. Wilson, S. E. Arnold, J. A. Schneider, P. A. Boyle, A. S. Buchman
DAB. Olfactory Impairment in Presymptomatic Alzheimer’s Disease. 2009;
730-735.

Taylor CA, Greenlund SF, Mcguire LC, Lu H, Croft JB. Deaths from
Alzheimer ’ s Disease — United States , 1999 — 2014. MMWR 2017; 66: 1—
4.

A. D. Macleod, K. S. M Taylor CEC. mortality in Parkinson’s disease: a
systematic review and meta-analysis. 2014; 8: 1-25.

Hoogland J, Post B, de Bie RMA. Overall and Disease Related Mortality in
Parkinson’s Disease — a Longitudinal Cohort Study. J Parkinsons Dis 2019;
1-8.

Curtis M, Kam M, Anderson M et al. Human Neuroblasts Migrate to the
Olfactory Bulb via a Lateral Ventricular Extension. Science (80- ) 2007; 315:
1243-1249.

Rombaux P, Mouraux A, Bertrand B, Nicolas G, Duprez T, Hummel T.
Olfactory function and olfactory bulb volume in patients with postinfectious
olfactory loss. Laryngoscope 2006; 116: 436—439.

Rombaux P, Mouraux A, Bertrand B, Nicolas G, Duprez T, Hummel T.
Retronasal and orthonasal olfactory function in relation to olfactory bulb
volume in patients with posttraumatic loss of smell. Laryngoscope 2006;
116: 901-905.

Hummel T, Henkel S, Negoias S et al. Olfactory bulb volume in patients
with temporal lobe epilepsy. J Neurol 2013; 260: 1004—1008.

Yaldizli, Penner IK, Yonekawa T et al. The association between olfactory
bulb volume, cognitive dysfunction, physical disability and depression in
multiple sclerosis. Eur J Neurol 2016; 23: 510-519.

Rottstadt F, Han P, Weidner K et al. Reduced olfactory bulb volume in

177



REFERENCES

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

depression—A structural moderator analysis. Hum Brain Mapp 2018; 39:
2573-2582.

Negoias S, Pietsch K, Hummel T. Changes in olfactory bulb volume
following lateralized olfactory training. Brain Imaging Behav 2017; 11: 998—
1005.

Cavazzana A, Poletti SC, Guducu C, Larsson M, Hummel T. Electro-
olfactogram Responses Before and After Aversive Olfactory Conditioning in
Humans. Neuroscience 2018; 373: 199-206.

Reichert JL, Schopf V. Olfactory Loss and Regain: Lessons for
Neuroplasticity. Neuroscientist 2018; 24: 22—-35.

Sorokowska A, Drechsler E, Karwowski M, Hummel T. Effects of olfactory
training: a meta-analysis. Rhinology 2017; 55: 17—-26.

Al Ain S, Poupon D, Hétu S, Mercier N, Steffener J, Frasnelli J. Smell
training improves olfactory function and alters brain structure. Neuroimage
2019; 189: 45-54.

Wegener B-A, Croy |, Hahner A, Hummel T. Olfactory training with older
people. Int J Geriatr Psychiatry 2018; 33: 212—-220.

Fisher D, Li CM, Chiu MS et al. Impairments in hearing and vision impact on
mortality in older people: The AGES-reykjavik study. Age Ageing 2014; 43:
69-76.

Lin HW, Mahboubi H, Bhattacharyya N. Hearing Difficulty and Risk of
Mortality. Ann Otol Rhinol Laryngol 2019; 128: 614—618.

Somekawa S, Mine T, Ono K et al. Relationship between sensory
perception and frailty in a community-dwelling elderly population. J Nutr
Heal Aging 2017; 21: 710-714.

Harita M, Miwa T, Shiga H et al. Association of olfactory impairment with
indexes of sarcopenia and frailty in community-dwelling older adults. Geriatr
Gerontol Int 2019; 19: 384-391.

Pinto JM. Global sensory impairment predicts morbidity and mortality in
older US adults. Clin Res Hepatol Gastroenterol 2017; 39: 9—19.

Correia C, Lopez KJ, Wroblewski KE et al. Global sensory impairment in
older adults in the United States. J Am Geriatr Soc 2016; 64: 306—313.

Laudisio A, Navarini L, Margiotta DPE et al. The Association of Olfactory

Dysfunction, Frailty, and Mortality Is Mediated by Inflammation: Results
from the INCHIANTI Study. J Immunol Res 2019; 2019: 3128231.

178



REFERENCES

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Schubert CR, Cruickshanks KJ, Klein BEK, Nondahl DM. Oflactory
impariment in older adults: 5-year incidence and risk factors. 2011; 121:
873-878.

Henkin RI, Schmidt L, Velicu I. Interleukin 6 in hyposmia. JAMA Otolaryngol
- Head Neck Surg 2013; 139: 728-734.

Kim HY, Dhong HJ, Min JY, Jung YG, Chung SK. Effects of statins on
regeneration of olfactory epithelium. Am J Rhinol Allergy 2010; 24: 121—
125.

Kim HY, Kim JH, Dhong HJ et al. Effects of statins on the recovery of
olfactory function in a 3-methylindole-induced anosmia mouse model. Am J
Rhinol Allergy 2012; 26: 81-84.

Schubert CR, Cruickshanks KJ, Fischer ME, Klein BEK, Klein R, Pinto AA.
Inflammatory and vascular markers and olfactory impairment in older adults.
Age Ageing 2015; 44: 878-882.

Schubert CR, Cruickshanks KJ, Fischer ME et al. Carotid intima media

thickness, atherosclerosis, and 5-year decline in odor identification: The
beaver dam offspring study. Journals Gerontol - Ser A Biol Sci Med Sci

2015; 70: 879-884.

Genter MB, Doty RL. Toxic exposures and the senses of taste and smell.
1st ed. Elsevier B.V., 2019.

Calderon-Garciduefias L, Gonzalez-Maciel A, Reynoso-Robles R et al.
Alzheimer’s disease and alpha-synuclein pathology in the olfactory bulbs of
infants, children, teens and adults < 40 years in Metropolitan Mexico City.
APOE4 carriers at higher risk of suicide accelerate their olfactory bulb
pathology. Environ Res 2018; 166: 348-362.

Fuller-Thomson ER, Fuller-Thomson EG. Relationship between poor
olfaction and mortality. Ann Intern Med 2019; 171: 525-526.

Rose J, Weiser TG, Hider P et al. Estimated need for surgery worldwide
based on prevalence of diseases: implications for public health planning of
surgical services. Lancet Glob Heal 2015; 3: S13-S20.

Meara JG, Leather AJM, Hagander L et al. Global Surgery 2030: Evidence
and solutions for achieving health, welfare, and economic development.
Lancet 2015; 386: 569-624.

Nepogodiev D, Martin J, Biccard B et al. Global burden of postoperative
death. Lancet 2019; 393: 401.

The International Surgical Outcomes Study group. Global patient outcomes
after elective surgery: prospective cohort study in 27 low-, middle- and high-

179



REFERENCES

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

income countries. Br J Anaesth 2016; 117: 601-609.

Kim K, Park K, Koo K, Han H, Kim C. Comprehensive geriatric assessment
can predict postoperative morbidity and mortality in elderly patients
undergoing elective surgery. Arch Gerontol Geriatr 2013; 56: 507-512.

Puzianowska-kuznicka M, Walicka M, Osinska B et al. In-Hospital Mortality
in a 4-Year Cohort Study of 3, 093 , 254 Operations in Seniors. World J
Surg 2016; 40: 1068-1074.

Bissot M, Henin P-Y, Aunac S et al. Preoperative frailty assessment: a
review. Acta Anaesthesiol Belg 2016; 67: 157-173.

Mas-Bargues C, Roman-Dominguez A, Borras C, Vifia J. Geroscience: a
unifying view on aging as a risk factor. In: Aging: From Fundamental
Biology to Societal Impact. 2022.

Buigues C, Juarros-Folgado P, Fernandez-Garrido J, Navarro-Martinez R,
Cauli O. Frailty syndrome and pre-operative risk evaluation: A systematic
review. Arch Gerontol Geriatr 2015; 61: 309-321.

Shem Tov L, Matot I. Frailty and anesthesia. Curr Opin Anaesthesiol 2017;
30: 409-417.

Chow WB, Rosenthal RA, Merkow RP, Ko CY, Esnaola NF. Optimal
preoperative assessment of the geriatric surgical patient: A best practices
guideline from the American college of surgeons national surgical quality
improvement program and the American geriatrics society. J Am Coll Surg
2012; 215: 453-466.

Aucoin SD, Hao M, Sohi R et al. Accuracy and feasibility of clinically applied
frailty instruments before surgery: A systematic review and meta-analysis.
Anesthesiology 2020; 133: 78-95.

Fried LP, Tangen CM, Walston J et al. Frailty in older adults: Evidence for a
phenotype. Journals Gerontol - Ser A Biol Sci Med Sci 2001; 56: 146—157.

Jones DM, Song X, Rockwood K. Operationalizing a frailty index from a
standardized comprehensive geriatric assessment. J Am Geriatr Soc 2004;
52: 1929-1933.

Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard
procedure for creating a frailty index. BMC Geriatr 2008; 8: 1-10.

Rolfson D, Majumdar S, Tsuyuki R, Tahir A, Rockwood K. Validity and
reliability of the Edmonton Frail Scale. Age Ageing 2006; 35: 526-529.

Perna S, D’Arcy Francis M, Bologna C et al. Performance of Edmonton Frail
Scale on frailty assessment : its association with multi-dimensional geriatric

180



REFERENCES

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

conditions assessed with specific screening tools. BMC Geriatr 2017; 17: 2.

Rockwood K, Song X, MacKnight C et al. A global clinical measure of
fitness and frailty in elderly people. C Can Med Assoc J 2005; 173: 489—
495,

Rockwood K, Theou O. Using the clinical frailty scale in allocating scarce
health care resources. Can Geriatr J 2020; 23: 254-259.

Cope T, Coary R, Joughin A, Braude P, Shipway D, Jenkins K. How do
anaesthetist and geriatrician perioperative frailty assessments compare? Br
J Anaesth 2020; 125: e462—e463.

Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative
outcomes in older surgical patients: A systematic review. BMC Geriatr
2016; 16.

George EL, Hall DE, Youk A et al. Association between Patient Frailty and
Postoperative Mortality across Multiple Noncardiac Surgical Specialties.
JAMA Surg 2021; 156: €205152.

Mcisaac DI, Harris EP, Hladkowicz E et al. Prospective Comparison of
Preoperative Predictive Performance between 3 Leading Frailty
Instruments. Anesth Analg 2020; 131: 263—-272.

Amabili P, Wozolek A, Noirot I, Roediger L, Senard M, Hubert MB. The
Edmonton Frail Scale Improves the Prediction of 30-Day Mortality in Elderly
Patients Undergoing Cardiac Surgery : A Prospective Observational Study.
J Cardiothorac Vasc Anesth 2019; 33: 945-952.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: A new proposal with evaluation in a cohort of 6336 patients
and results of a survey. Ann Surg 2004; 240: 205-213.

Plassman BL, Langa KM, McCammon RJ et al. Incidence of Dementia and
Cognitive Impairment Not Dementia in the United States. Ann Neurol 2011;
70: 418-426.

Gan S, Yu Y, Wu J et al. Preoperative assessment of cognitive function and
risk assessment of cognitive impairment in elderly patients with orthopedics:
A cross-sectional study. BMC Anesthesiol 2020; 20: 189.

Partridge JSL, Dhesi JK, Cross JD et al. The prevalence and impact of
undiagnosed cognitive impairment in older vascular surgical patients. J
Vasc Surg 2014; 60: 1002-1011.e3.

Puustinen J, Luostarinen L, Luostarinen M et al. The Use of MoCA and

Other Cognitive Tests in Evaluation of Cognitive Impairment in Elderly
Patients Undergoing Arthroplasty. Geriatr Orthop Surg Rehabil 2016; 7:

181



REFERENCES

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

183-187.

Robinson TN, Wu DS, Pointer LF, Dunn CL, Moss M. Preoperative
cognitive dysfunction is related to adverse postoperative outcomes in the
elderly. J Am Coll Surg 2012; 215: 12-17.

Monk TG, Weldon BC, Garvan CW et al. Predictors of cognitive dysfunction
after major noncardiac surgery. Anesthesiology 2008; 108: 18-30.

Knaak C, Brockhaus W, Spies C et al. Presurgical cognitive impairment is
associated with postoperative delirium and postoperative cognitive
dysfunction. Minerva Anestesiol 2020; 86: 394—403.

Peden CJ, Miller TR, Deiner SG, Eckenhoff RG, Fleisher LA. Improving
perioperative brain health: an expert consensus review of key actions for
the perioperative care team. Br J Anaesth 2021; 126: 423-432.

Evered L, Silbert B, Knopman DS et al. Recommendations for the
nomenclature of cognitive change associated with anaesthesia and surgery
d 2018. Br J Anaesth 2018; 121: 1005-1012.

Nasreddine ZS, Phillips NA, Bédirian V et al. The Montreal Cognitive
Assessment, MoCA: A brief screening tool for mild cognitive impairment. J
Am Geriatr Soc 2005; 53: 695-699.

Smith NA, Yeow YY. Use of the Montreal Cognitive Assessment test to
investigate the prevalence of mild cognitive impairment in the elderly
elective surgical population. Anaesth Intensive Care 2016; 44: 581-586.

Park JK, Jeong EH, Seomun GA. The clock drawing test: A systematic
review and meta-analysis of diagnostic accuracy. J Adv Nurs 2018; 74:
2742-2754.

Rouleau I, Salmon DP, Butters N, Kennedy C, McGuire K. Quantitative and
qualitative analyses of clock drawings in Alzheimer’s and Huntington’s
disease. Brain Cogn 1992; 18: 70-87.

Pinto E, Peters R. Literature review of the Clock Drawing Test as a tool for
cognitive screening. Dement Geriatr Cogn Disord 2009; 27: 201-213.

Tiwary N, Treggiari MM, Yanez ND et al. Agreement between the Mini-Cog
in the Preoperative Clinic and on the Day of Surgery and Association with
Postanesthesia Care Unit Delirium: A Cohort Study of Cognitive Screening
in Older Adults. Anesth Analg 2021; 132: 1112-1119.

Study M, Numan T, Boogaard M Van Den, Kamper AM. Recognition of
Delirium in Postoperative Elderly Patients : A. 2017;

Daiello LA, Racine AM, Yun Gou R et al. Postoperative Delirium and

182



REFERENCES

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Postoperative Cognitive Dysfunction: Overlap and Divergence.
Anesthesiology 2019; 131: 477-491.

Paredes S, Cortinez L, Contreras V, Silbert B. Post-operative cognitive
dysfunction at 3 months in adults after non-cardiac surgery: a qualitative
systematic review. Acta Anaesthesiol Scand 2016; 60: 1043—1058.

Needham MJ, Webb CE, Bryden DC. Postoperative cognitive dysfunction
and dementia : what we need to know and do. Br J Anaesth 2017; 119:
i115-i125.

Evered LA, Silbert BS. Postoperative cognitive dysfunction and noncardiac
surgery. Anesth Analg 2018; 127: 496-505.

Bernstein IA, Roxbury CR, Lin SY, Rowan NR. The association of frailty
with olfactory and gustatory dysfunction in older adults: a nationally
representative sample. Int Forum Allergy Rhinol 2021; 11: 866-876.

Tan BKJ, Man REK, Gan ATL et al. Is sensory loss an understudied risk
factor for frailty? A systematic review and meta-analysis. Journals Gerontol
Ser A Biol Sci Med Sci 2020; 75: 2461-2470.

Kristensen SD, Knuuti J, Saraste A et al. 2014 ESC/ESA Guidelines on
Non-Cardiac Surgery: Cardiovascular Assessment and Management: The
Joint Task Force on non-cardiac surgery: cardiovascular assessment and
management of the European Society of Cardiology (ESC) and the
European Society of Anaesth. 2014.

Sousa-Santos AR, Amaral TF. Differences in handgrip strength protocols to
identify sarcopenia and frailty - A systematic review. BMC Geriatr 2017; 17:
238.

Lauretani F, Longobucco Y, Ferrari Pellegrini F et al. Comprehensive Model
for Physical and Cognitive Frailty: Current Organization and Unmet Needs.
Front Psychol 2020; 11: 569629.

Ma L, Chan P. Understanding the physiological links between physical
frailty and cognitive decline. Aging Dis 2020; 11: 405—418.

Jawad M, Baigi A, Oldner A et al. Swedish surgical outcomes study (
SweSOS ) An observational study on 30-day and 1-year mortality after
surgery. Eur J Anaesthesiol 2016; 33: 317-325.

Cornella N, Sancho J, Sitges-Serra A. Short and Long-Term Outcomes
after Surgical Procedures Lasting for More Than Six Hours. Sci Rep 2017;
7:9221.

Liew LQ, Teo WW, Seet E et al. Factors predicting one-year post-surgical
mortality amongst older Asian patients undergoing moderate to major non-

183



REFERENCES

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

cardiac surgery- A retrospective cohort study. BMC Surg 2020; 20: 11.

Dasgupta M, Rolfson DB, Stolee P, Borrie MJ, Speechley M. Frailty is
associated with postoperative complications in older adults with medical
problems. Arch Gerontol Geriatr 2009; 48: 78-83.

Olofsson JK, Ekstrom I, Larsson M, Nordin S. Olfaction and Aging: A
Review of the Current State of Research and Future Directions. Iperception
2021; 12.

Konstantinidis I, Tsakiropoulou E, lakovou I, Douvantzi A, Metaxas S.
Anosmia after general anaesthesia: a case report. Anaesthesia 2009; 64:
1-7.

Dhanani NM, Jiang Y. Anosmia and hypogeusia as a complication of
general anesthesia. J Clin Anesth 2012; 24: 231-233.

Baker JJ, Oberg S, Rosenberg J. Loss of Smell and Taste After General
Anesthesia. A A Case Reports 2017; 9: 1.

Du W, Xu Z, Wang W, Liu Z. A case of anosmia and hypogeusia as a
complication of propofol. J Anesth 2018; 32: 293-296.

Farzana N, Tewari P, Sureka S, Dixit A. Parosmia and dysgeusia after
intravenous propofol-based general anesthesia: A case report. Ann Card
Anaesth 2022; 25: 112-115.

Kostopanagiotou G, Kalimeris K, Kesidis K et al. Sevoflurane impairs post-
operative olfactory memory but preserves olfactory function. Eur J
Anaesthesiol 2011; 28: 63-68.

Saravanan B, Kundra P, Mishra SK, Surianarayanan G, Parida PK. Effect of
anaesthetic agents on olfactory threshold and identification — A single
blinded randomised controlled study. Indian J Anaesth 2018; 62(8): 592—
598.

Sari H, Atar Y, Mingir T et al. Short term olfactory memory and olfactory
function after inhalation anesthetic agents: a randomized clinical trial.
Brazilian J Anesthesiol 2020; 70: 36—41.

Briguglio M, Crespi T, Langella F et al. Perioperative Anesthesia and Acute
Smell Alterations in Spine Surgery: A ‘Sniffing Impairment’ Influencing
Refeeding? Front Surg 2022; 9.

Murman DL. The Impact of Age on Cognition. Semin Hear 2015; 36: 111—
121.

Hernandez AK, Fuchss P, Haehner A, Hummel T. Olfactory function testing
before and after anesthesia. Sci Rep 2021; 11: 1-7.

184



REFERENCES

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Van Regemorter V, Dollase J, Coulie R et al. Olfactory Dysfunction Predicts
Frailty and Poor Postoperative Outcome in Older Patients Scheduled for
Elective Non-Cardiac Surgery. J Nutr Heal Aging 2022; 26: 981-986.

Price CC, Cunningham H, Coronado N et al. Clock drawing in the montreal
cognitive assessment: Recommendations for dementia assessment.
Dement Geriatr Cogn Disord 2011; 31: 179-187.

Frei BW, Woodward KT, Zhang MY et al. Considerations for Clock Drawing
Scoring Systems in Perioperative Anesthesia Settings. Anesth Analg 2019;
128: e61—€64.

Turcotte V, Gagnon ME, Joubert S et al. Normative data for the Clock
Drawing Test for French-Quebec mid- and older aged healthy adults. Clin
Neuropsychol 2018; 32: 91-101.

Mayell A, Natusch D. Anosmia — a potential complication of intranasal
ketamine. Anaesthesia 2009; 64: 457—-458.

Hedner M, Larsson M, Arnold N, Zucco GM, Hummel T. Cognitive factors in
odor detection, odor discrimination, and odor identification tasks. J Clin Exp
Neuropsychol 2010; 32: 1062—1067.

Schubert CR, Cruickshanks KJ, Fischer ME et al. Odor Identification and
Cognitive Function in the Beaver Dam Offspring Study. J Clin Exp
Neuropsychol 2013; 35: 669—-679.

Vasilian CC, Tamasan SC, Lungeanu D, Poenaru D V. Clock-Drawing Test
as a Bedside Assessment of Post-operative Delirium Risk in Elderly
Patients with Accidental Hip Fracture. World J Surg 2018; 42: 1340-1345.

Tiwary N, Treggiari MM, Yanez ND et al. Agreement between the Mini-Cog
in the Preoperative Clinic and on the Day of Surgery and Association with
Postanesthesia Care Unit Delirium: A Cohort Study of Cognitive Screening
in Older Adults. Anesth Analg 2021;

Brouquet A, Cudennec T, Benoist S et al. Impaired mobility, ASA status and
administration of tramadol are risk factors for postoperative delirium in
patients aged 75 years or more after major abdominal surgery. Ann Surg
2010; 251: 759-765.

Ehsani R, Motlagh SD, Zaman B, Kashani SS, Ghodraty MR. Effect of
general versus spinal anesthesia on postoperative delirium and early
cognitive dysfunction in elderly patients. Anesthesiol Pain Med 2020; 10: 1-
8.

Fabricio AT, Aprahamian I, Yassuda MS. Qualitative analysis of the clock

drawing test by educational level and cognitive profile. Arq Neuropsiquiatr
2014; 72: 289-295.

185



REFERENCES

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Jugovac |, Imas O, Hudetz AG. Supraspinal Anesthesia: Behavioral and
Electroencephalographic Effects of Intracerebroventricularly Infused
Pentobarbital, Propofol, Fentanyl, and Midazolam. Anesthesiology 2006;
105: 764-778.

Barreto Chang OL, Kreuzer M, Morgen DF, Possin KL, Garcia PS.
Ketamine-Associated Intraoperative Electroencephalographic Signatures of
Elderly Patients with and Without Preoperative Cognitive Impairment.
Anesth Analg 2022;

Susano MJ, Grasfield RH, Friese M et al. Brief Preoperative Screening for
Frailty and Cognitive Impairment Predicts Delirium Following Spine Surgery.
Anesthesiology 2020; 136: 1184—-1191.

Samieri C, Proust-Lima C, M. Glymour M et al. Subjective cognitive
concerns, episodic memory, and the APOE €4 allele. Alzheimer's Dement
2014; 10: 752-759.e1.

Katz MJ, Wang C, Nester CO et al. T-MoCA: A valid phone screen for
cognitive impairment in diverse community samples. Alzheimer's Dement
Diagnosis, Assess Dis Monit 2021; 13: 1-11.

Bjelland I, Dahl AA, Tangen T, Neckelmann D. The validity of the Hospital
Anxiety and Depression Scale An updated literature review. J Psychosom
Res 2002; 52: 69-77.

Ramirez-Vélez R, Lépez-Gil JF, de Asteasu MLS, Izquierdo M, Garcia-
Hermoso A. Handgrip strength as a moderator of the influence of age on
olfactory impairment in US adult population = 40 years of age. Sci Rep
2021; 11: 1-9.

Nagururu N V., Bernstein IA, Voegtline K, Olson S, Agrawal Y, Rowan NR.
The Association of Peripheral and Central Olfaction with Frailty in Older
Adults. Journals Gerontol - Ser A Biol Sci Med Sci 2023; 78: 1276-1283.

Mady LJ, De Ravin E, Vohra V et al. Exploring Olfactory Dysfunction as a
Marker of Frailty and Postoperative Outcomes in Head and Neck Cancer.
JAMA Otolaryngol - Head Neck Surg 2023; 149: 828—836.

Hura N, Bernstein |A, Mady LJ, Agrawal Y, Lane AP, Rowan NR.
Otolaryngic sensory loss as a measure of frailty among older US adults. Int
Forum Allergy Rhinol 2022;

Sable-Morita S, Sugiura S, Suzuki H, Fukuoka H, Matsui Y, Arai H. Frailty
and visual, auditory, olfactory, and taste senses in older patients visiting a
frailty outpatient clinic. Geriatr Gerontol Int 2023; Online: in press.

Walston JD, Bandeen-Roche K. Frailty: A tale of two concepts. BMC Med
2015; 13: 6-8.

186



REFERENCES

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

Xue QL, JingTian, Walston JD, Chaves PHM, Newman AB, Bandeen-
Roche K. Discrepancy in frailty identification: Move beyond predictive
validity. Journals Gerontol - Ser A Biol Sci Med Sci 2020; 75: 387—-393.

Ekstrom |, Larsson M, Rizzuto D, Fastbom J, Backman L, Laukka EJ.
Predictors of Olfactory Decline in Aging: A Longitudinal Population-Based
Study. Journals Gerontol - Ser A Biol Sci Med Sci 2020; 75: 2441-2449.

Brown CH, Morrissey C, Ono M et al. Impaired olfaction and risk of delirium
or cognitive decline after cardiac surgery. J Am Geriatr Soc 2015; 63: 16—
23.

Papazian EJ, Pinto JM. Olfactory loss and aging: Connections with health
and well-being. Chem Senses 2021; 46: 1-13.

Pang NYL, Song HJJMD, Tan BKJ et al. Association of Olfactory
Impairment with All-Cause Mortality: A Systematic Review and Meta-
analysis. JAMA Otolaryngology - Head and Neck Surgery 2022.

Choi JS, Jang SS, Kim J, Hur K, Ference E, Wrobel B. Association between
Olfactory Dysfunction and Mortality in US Adults. JAMA Otolaryngol - Head
Neck Surg 2021; 147: 49-55.

Partridge JSL, Fuller M, Harari D, Taylor PR, Martin FC, Dhesi JK. Frailty
and poor functional status are common in arterial vascular surgical patients
and affect postoperative outcomes. Int J Surg 2015; 18: 57-63.

Drudi LM, Ades M, Mancini R et al. Frailty assessment in older adults
undergoing interventions for peripheral arterial disease. J Vasc Surg 2019;
70: 1594-1602.e1.

Trevethan R. Sensitivity, Specificity, and Predictive Values: Foundations,
Pliabilities, and Pitfalls in Research and Practice. Front Public Heal 2017; 5:
307.

Sonny A, Kurz A, Skolaris LA et al. Deficit Accumulation and Phenotype
Assessments of Frailty Both Poorly Predict Duration of Hospitalization and
Serious Complications after Noncardiac Surgery. Anesthesiology 2020;
132: 82-94.

Cohen J. Quantitative methods in psychology. Psychol Bull 1992; 112: 155—
159.

Deiner S, Liu X, Lin HM et al. Subjective cognitive complaints in patients
undergoing major non-cardiac surgery: a prospective single centre cohort
trial. Br J Anaesth 2019; 122: 742-750.

Wasef S, Laksono |, Kapoor P et al. Screening for subjective cognitive
decline in the elderly via subjective cognitive complaints and informant-

187



REFERENCES

221.

222.

223.

224

225.

226.

227.

228.

229.

230.

231.

232.

reported questionnaires: a systematic review. BMC Anesthesiol 2021; 21:
1-9.

Reisberg B, Shulman MB, Torossian C, Leng L, Zhu W. Outcome over
seven years of healthy adults with and without subjective cognitive
impairment. Alzheimer's Dement 2010; 6: 11-24.

Markova H, Andel R, Stepankova H et al. Subjective Cognitive Complaints
in Cognitively Healthy Older Adults and Their Relationship to Cognitive
Performance and Depressive Symptoms. J Alzheimer’s Dis 2017; 59: 871—
881.

Rentowl P, Hanning CD. Odour identification as a marker for postoperative
cognitive dysfunction: A pilot study. Anaesthesia 2004; 59: 337-343.

Kim MS, Yoon JH, Kim HJ, Yong SW, Hong JM. Olfactory dysfunction is
related to postoperative delirium in Parkinson’s disease. J Neural Transm
2016; 123: 589-594.

Le LM, Yanek L, Neufeld KJ et al. Poor Olfaction Prior to Cardiac Surgery:
Associations with Cognition, Plasma Neurofilament Light and Postoperative
Delirium in a Prospective Nested Cohort Study. Arch Clin Neuropsychol
2023; online: ahead of print.

Gao Y, LiuY, Zhang Y et al. Olfactory Threshold Test as a Quick Screening
Tool for Cognitive Impairment: Analysis of Two Independent Cohorts. J
Alzheimer’s Dis 2023; 93: 169-178.

Xu L, Xu S, Zhang Y, Huang Y. Effects of anesthetic adjunctive agents on
postoperative cognitive dysfunction in elderly patients undergoing
noncardiac surgery: A Bayesian network meta-analysis. Brain Behav 2023;
13: €3149.

Wang E, Belley-Co6té E, Young J et al. Effect of perioperative
benzodiazepine use on intraoperative awareness and postoperative
delirium: a systematic review and meta-analysis of randomised controlled
trials and observational studies. Br J Anaesth 2023; 131: 302—-313.

Evered L, Pryor KO. Benzodiazepines and postoperative delirium: should
we be as cautious as we are? Br J Anaesth 2023; 131: 629-631.

Fodale V, Santamaria LB, Schifilliti D, Mandal PK. Anaesthetics and
postoperative cognitive dysfunction: A pathological mechanism mimicking
Alzheimer’s disease: Review article. Anaesthesia 2010; 65: 388—395.

Whitcroft K, Altundag A, Balungwe P et al. Position paper on olfactory
dysfunction: 2023. Rhinology 2023; Online: ahead of print.

CaoY, Xiao Z, Wu W, Zhao Q, Ding D. Is Olfactory Impairment Associated

188



REFERENCES

233.
234.

235.

236.

237.

238.

239.

240.

241.

242

243.

244.

245.

With 10-year Mortality Mediating by Neurodegenerative Diseases in Older
Adults? The Four-Way Decomposition Analysis. Front Public Heal 2021; 9:
1-7.

https://www.who.int/news-room/fact-sheets/detail/ageing-and-health. 2023.

Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. The
hallmarks of aging. Cell 2013; 153: 1194-1217.

Rossiello F, Jurk D, Passos JF, d’Adda di Fagagna F. Telomere dysfunction
in ageing and age-related diseases. Nat Cell Biol 2022; 24: 135-147.

Vaiserman A, Krasnienkov D. Telomere Length as a Marker of Biological
Age: State-of-the-Art, Open Issues, and Future Perspectives. Front Genet
2021; 11.

Aubert G, Hills M, Lansdorp PM. Assessment of the Available Technologies
and Tools. Mutat Res 2012; 730: 59-67.

Baerlocher GM, Vulto I, de Jong G, Lansdorp PM. Flow cytometry and FISH
to measure the average length of telomeres (flow FISH). Nat Protoc 2006;
1: 2365-2376.

Vohra V, Cheng MZ, Xue Q et al. The Association of Multiple Sensory
Impairment and Telomere Length : The Health ABC Study. Laryngoscope
2023; 133: 3132-3138.

Ferreira MSV, Kirschner M, Halfmeyer | et al. Comparison of flow-FISH and
MM—-gPCR telomere length assessment techniques for the screening of
telomeropathies. Ann N'Y Acad Sci 2020; 1466: 93—103.

Briimmendorf TH, Balabanov S. Telomere length dynamics in normal
hematopoiesis and in disease states characterized by increased stem cell
turnover. Leukemia 2006; 20: 1706-1716.

Gutierrez-Rodrigues F, Santana-lemos A, Scheucher PS, Alves-paiva RM,
Calado RT. Direct Comparison of Flow-FISH and gPCR as Diagnostic Tests
for Telomere Length Measurement in Humans. 2014; 9: 1-9.

Liu P, Zhang Y, Ma L. Telomere length and associated factors in older
adults with hypertension. J Int Med Res 2019; 47: 5465-5474.

Zhou J, Wang J, Shen Y et al. The association between telomere length
and frailty: A systematic review and meta-analysis. Exp Gerontol 2018; 106:
16—-20.

Araujo Carvalho AC, Tavares Mendes ML, da Silva Reis MC, Santos VS,

Tanajura DM, Martins-Filho PRS. Telomere length and frailty in older
adults—A systematic review and meta-analysis. Ageing Res Rev 2019; 54:

189



REFERENCES

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

100914.

Yeung S, Ma S, Wang X et al. Telomere length among Chinese aged 75 +
years. Gerontology 2023; Online: ahead of print.

Bountziouka V, Nelson CP, Codd V et al. Association of shorter leucocyte
telomere length with risk of frailty. J Cachexia Sarcopenia Muscle 2022; 13:
1741-1751.

Diebel LWM, Rockwood K. Determination of Biological Age: Geriatric
Assessment vs Biological Biomarkers. Curr Oncol Rep 2021; 23.

Wang Q, Zhan Y, Pedersen NL, Fang F, Hagg S. Telomere Length and All-
Cause Mortality: A Meta-analysis. Ageing Res Rev 2018; 48: 11-20.

Sanders JL, Newman AB. Telomere length in epidemiology: A biomarker of
aging, age-related disease, both, or neither? Epidemiol Rev 2013; 35: 112—
131.

Watabe-rudolph M, Begus-nahrmann Y, Lechel A et al. Telomere
Shortening Impairs Regeneration of the Olfactory Epithelium in Response to
Injury but Not Under Homeostatic Conditions. PLoS One 2011; 6: e27801.

Zhang X, Zhao Q, Zhu W et al. The association of telomere length in
peripheral blood cells with cancer risk:ASystematic review and meta-
Analysis of prospective studies. 2017.

Mufioz-Lorente MA, Cano-Martin AC, Blasco MA. Mice with hyper-long
telomeres show less metabolic aging and longer lifespans. Nat Commun
2019; 10: 4723.

Mather KA, Jorm AF, Parslow RA, Christensen H. Is telomere length a
biomarker of aging? A review. Journals Gerontol - Ser A Biol Sci Med Sci
2011; 66 A: 202—-213.

Terry DF, Nolan VG, Andersen SL, Perls TT, Cawthon R. Association of
longer telomeres with better health in centenarians. Journals Gerontol - Ser
A Biol Sci Med Sci 2008; 63: 809—-812.

Xiao Z, Zhao Q, Liang X, Wu W, Cao Y, Ding D. Poor Odor Identification
Predicts Mortality Risk in Older Adults without Neurodegenerative Diseases:
The Shanghai Aging Study. J Am Med Dir Assoc 2021; 22: 2218-2219.e1.

Furtado M, Katzman MA. Examining the role of neuroinflammation in major
depression. Psychiatry Res 2015; 229: 27-36.

Darnell EP, Wroblewski KE, Pagel KL, Kern DW, McClintock MK, Pinto JM.

IL-1Rahigh-IL-4low-IL-13low: A Novel Plasma Cytokine Signature
Associated with Olfactory Dysfunction in Older US Adults. Chem Senses

190



REFERENCES

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

2020; 45: 407-414.

Pérez-Suarez TG, Gutiérrez-Robledo LM, Avila-Funes JA et al. VNTR
polymorphisms of the IL-4 and IL-1RN genes and their relationship with
frailty syndrome in Mexican community-dwelling elderly. Aging Clin Exp Res
2016; 28: 823-832.

Sieber F, Gearhart S, Bettick D, Wang NY. Edmonton frailty scale score
predicts postoperative delirium: a retrospective cohort analysis. BMC
Geriatr 2022; 22: 1-9.

Gracie TJ, Caufield-Noll C, Wang NY, Sieber FE. The Association of
Preoperative Frailty and Postoperative Delirium: A Meta-Analysis. Anesth
Analg 2021; 133: 314-323.

Safaee MM, Lin J, Smith DL ef al. Association of telomere length with risk of
complications in adult spinal deformity surgery: a pilot study of 43 patients.
J Neurosurg Spine 2023;

Liu D, Zhu Z, Zhou L, Yang M. The joint effects of frailty and telomere
length for predicting mortality in older adults: the National Health and
Nutrition Examination Survey 1999-2002. Aging Clin Exp Res 2020; 32:
1839-1847.

Eamer G, Gibson JA, Gillis C et al. Surgical frailty assessment : a missed
opportunity. 2017; 1-8.

Wang Y, Wu X, Hu X, Yang Y. Prevalence of frailty in patients with lower
extremity peripheral arterial disease: A systematic review and meta-
analysis. Ageing Res Rev 2022; 82: 101748.

Sivaloganathan S, Blakeney WG, Vendittoli PA. Modernizing Total Hip
Arthroplasty Perioperative Pathways: The Implementation of ERAS-
Outpatient Protocol. J Clin Med 2022; 11: 3293.

Di Martino A, Brunello M, Pederiva D et al. Fast Track Protocols and Early
Rehabilitation after Surgery in Total Hip Arthroplasty: A Narrative Review.
Clin Pract 2023; 13: 569-582.

Ahmed F, Chithrala B, Barve K, Biladeau S, Clifford SP. Value-Based Care
and Anesthesiology in the USA. Cureus 2023; 15: 1-7.

Mahajan A, Esper SA, Cole DJ, Fleisher LA. Anesthesiologists’ Role in
Value-based Perioperative Care and Healthcare Transformation.
Anesthesiology 2021; 134: 526-540.

Humeidan ML, Reyes JPC, Mavarez-Martinez A et al. Effect of Cognitive

Prehabilitation on the Incidence of Postoperative Delirium among Older
Adults Undergoing Major Noncardiac Surgery: The Neurobics Randomized

191



REFERENCES

271.

272

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

Clinical Trial. JAMA Surg 2021; 156: 148—156.

He Y, Zou W, Han X, Chen C, Zhang A, Sun N. Cognitive prehabilitation for
geriatric patients undergoing elective surgery: a PRISMA-P-compliant
protocol for a systematic review. BMJ Open 2022; 12: 8-12.

Woo CC, Miranda B, Sathishkumar M, Dehkordi-Vakil F, Yassa MA, Leon
M. Overnight olfactory enrichment using an odorant diffuser improves
memory and modifies the uncinate fasciculus in older adults. Front Neurosci
2023; 17: 1-11.

Li L, Dohan D, Smith AK, Whitlock EL. ‘It was a great brain, and | miss it":
lay perspectives on postoperative cognitive dysfunction. Br J Anaesth 2023;
130: 567-572.

Mahanna-Gabirielli E, Schenning K, Deiner S, Whittington R. Pro-Con
Debate: Judicious Benzodiazepine Administration for Preoperative
Anxiolysis in Older Patients. Anesth Analg 2023; 137: 280-288.

Trapp W, Heid A, Réder S, Wimmer F, Hajak G. ‘Mmm, Smells like Coffee!”:
How a Brief Odor Identification Test Could Help to Identify People with Mild
Cognitive Impairment and Dementia. Brain Sci 2023; 13: 1052.

Schriever VA, Mori E, Petters W, Boerner C, Smitka M, Hummel T. The
‘Sniffin” Kids" Test - A 14-item odor identification test for children’. PLoS
One 2014; 9: 1-7.

Pinkhardt EH, Liu H, Ma D et al. Olfactory screening of Parkinson’s Disease
patients and healthy subjects in China and Germany: A study of cross-
cultural adaptation of the Sniffin’ Sticks 12-identification test. PLoS One
2019; 14: 1-12.

Haehner A, Mayer AM, Landis BN et al. High test-retest reliability of the
extended version of the ‘Sniffin” Sticks" test. Chem Senses 2009; 34: 705-
711.

Mueller CA, Grassinger E, Naka A, Temmel AFP, Hummel T, Kobal G. A
self-administered odor identification test procedure using the ‘Sniffin”
Sticks™. Chem Senses 2006; 31: 595-598.

Mai Y, Klockow M, Haehner A, Hummel T. Self-assessment of olfactory
function using the “Sniffin’ Sticks”. Eur Arch Oto-Rhino-Laryngology 2023;
280: 3673-3685.

Doty RL, Marcus A, Lee WW. Development of the 12-ltem Cross-Cultural
Smell Identification Test (CC-SIT). Laryngoscope 1996; 353-356.

On A, Moein ST, Khan R, Doty RL. The 8-item NHANES pocket smell
test®: Normative data. Appl Neuropsychol 2023; Online: ahead of print.

192



193



