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PREFACE

This book covers key areas of medical research and its applications. The
contributions by the authors include peri-implant stress, crestal bone, dental
implant growth, von mises stress, freeway space, resting vertical dimension,
temporomandibular joint, vertical dimension of occlusion, tensegrity model,
industrial wind turbines, mechano-transduction, endothelial cytoskeleton,
attention deficit hyperactivity disorder, evening circadian preference, depression,
sleep related breathing disorder, fibrinolysis misconceptions, tissue plasminogen
activator, intracranial hemorrhage, streptokinase, urokinase plasminogen
activator, tissue plasminogen activator, ocular abnormalities, near point of
convergence, developmental eye movement, asthenopia, patent foramen ovale,
eustachian valve, chiari network, inferior vena cava, echocardiography, asepsis,
structured teaching programme, nursing curriculum, total knee arthroplasty,
rheumatoid arthritis, standardized mortality ratio, osteoarthritis, dengue infection,
dengue hemorrhagic fever, community perception, oral and maxillofacial
hemangioma, vascular tumor, sclerotherapy, laser treatment. This book contains
various materials suitable for students, researchers, and academicians in the
fields of medical research and its applications.
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ABSTRACT

This chapter is dedicated to sleep impairment in attention deficit hyperactivity
disorder. Attention Deficit Hyperactivity Disorder (ADHD) is a quite common
neuropsychiatric ailment affecting all ages. Sleep impairment is associated with
widespread regional changes in brain activity involved in sustained attention,
distraction, impulsivity and memory, as shown by numerous objective methods.
Sleep problems which are very common in children and adolescents without ADHD
present as either insufficient or impaired sleep. The diagnosis of ADHD lacks a
biological marker and is based only on clinical judgment. Therefore, overdiagnosis
and underdiagnosis are not uncommon. Since it is a developmental disorder, the
clinical characteristics vary with age, nevertheless. the majority of affected
individuals exhibit the traditional "triad" of impulsivity, hyperactivity, and inattention.
A number of comorbidities are associated with the disorder and in many patients,
their presence imposes a negative effect on life quality which may be more
prominent than that caused directly by the classical "triad". Although cases with
the triad have been reported during the last 200 years, the concept of ADHD was
solidified in 1987. It has taken some time for sleep disturbance to be identified as
a significant comorbidity of ADHD. It is surprising that the DSM-5 did not mention
sleep impairment in relation to ADHD. This study reviews the traits, prevalence,
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and potential cause of sleep disturbance in children and adults with ADHD. Also,
the bidirectional association between impaired sleep quality and ADHD is
discussed in an attempt to clarify whether impaired sleep is an additional symptom
of “pure” ADHD, is the sole result of associated comorbidities, or is the result of
both.

Keywords: ADHD; sleep; circadian rhythm; stimulants; OSA; anxiety; depression.
1. INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) is a 24-hour symptomatic condition
considered as one of the most common neurodevelopmental disorders of
childhood according to the Centres for Disease Control and Prevention (CDC),
updated on October 23, 2020. The relationships of ADHD with sleep problems,
psychiatric comorbidities and medications are complex and multidirectional.
Evidence from published studies comparing sleep in individuals with ADHD with
typically developing controls is most concordant for associations of ADHD with
hypopnea/apnea and periodic limb movements during sleep or nocturnal motor
activity in polysomnographic studies; increased sleep onset latency and shorter
sleep time in actigraphic studies; and bedtime resistance, difficulty with morning
awakenings, sleep onset difficulties, sleep-disordered breathing, night awakenings
and daytime sleepiness in subjective studies [1]. Adolescents and less frequently
adults are also affected. The main clinical features of the syndrome are inattention,
hyperactivity, and impulsivity which wind up during the day to reach a peak severity
in the evening, without the ability to wind down towards sleep onset time [2]. ADHD
diagnosis requires a careful clinical assessment based on symptom evaluation and
functional impairments. Diagnostic classification practices such as the Diagnostic
and Statistical Manual of Mental Disorders—5th edition (DSM-5; APA 2013) offer
critical standard criteria to guide clinicians in establishing an accurate diagnosis
[3]. The reported worldwide estimated prevalence of ADHD in children is 5% [4,5].
An additional 5% are children with significant pervasive and excessive
hyperactivity, inattention and impulsivity which cannot be offered an established
definite diagnosis of ADHD [6]. The prevalence of ADHD in school children is 5%-
8% [7]. In about 50-60% of the affected children, symptoms of ADHD will persist
into adulthood [8,9]. The cross-national estimated prevalence of "true" adult onset
ADHD is 2.8% [10,11]. The population diagnosed with ADHD according to DSM-5
or ICD-10 is quite heterogeneous since 60%—100% of the children suffer from
additional childhood-onset neurodevelopmental disorders considered as
comorbidities [12,13]. Sleep problems which are very common in children and
adolescents without ADHD present as either insufficient or impaired sleep [11].
The affected youngsters suffer from a wide range of additional problems, (some of
them are also features of ADHD), such as increased emotional problems [14], poor
school performance [15], inattention, heightened activity and impulsivity [16]- poor
concentration, difficult temperament and proneness to accidents [17]. Indeed,
during childhood, any sleep problem is reported in about 25 % of children [18].
However, prevalence estimates are heterogeneous since they are not uniformly
studied. Differences in prevalence rates can be attributed to the source of
information based on parental reports in children and self-reports in adolescents
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[11]. A prevalence rate of sleep problems of 37% was found in community sample
of 4-11 years old [19] and 6% among 11 years old in a more recent study by Pagel
[20]. Others have reported that 43% of 8-10 years old have sleep problems [21].
The studies which were based on adolescent self-reports highlight the main sleep
problems of modern times, i.e., insomnia and sleep deprivation which results in
excessive daytime sleepiness [11]. Those features of adolescent and young adults
sleep have become prominent with each succeeding generation not only due to
early school start and academic pressure but also to the steep increase in the time
children and especially adolescents are exposed to nocturnal illumination from
electronic screens such as computers, TV and in particular, the quite recent and
rapidly increasing addiction to smartphones [22,11]. Moreover, a new phobia in
regard to losing or being away from the phone was recently coined " nomophobia”
[23]. This form of abuse of electronic media is known to negatively influence normal
sleep patterns, circadian rhythms and attention [24]. Healthy adolescents tend to
extend daytime activities and thus they are at increased risk of evening circadian
preference (ECP)[25,11]. Such a preference is characterized by increased mental
and physical activity late in the day with delayed bedtime and sleep setting,
shortened total sleep time and difficulty to wake up in the morning early enough to
get to school in time. The net result is sleep deprivation. The shift from morning to
evening circadian preference carries health risks for increased anxiety,
depression, cognitive ability, substance abuse, antisocial behavior and obesity
[26,11]. In a quite recent study of healthy community-dwelling adolescents, those
with ECP and consequent daytime sleepiness were at the highest risk of impaired
daily executive functions [27], one of the main disabilities of subjects with ADHD.
Such problems seem to be very common in adolescents [11]. Vignau found that
40% of healthy adolescents report sleep problems [28] and Levy reported that 12%
of their cohort of 390 students considered themselves as chronic poor sleepers
[29]. Since normally developing (ND) children with sleep disorders are often
inattentive and restless, it is logical to assume that such sleep impairment may be
exacerbated and even play a leading role in the symptomatology of ADHD [11].

2. SLEEP PROBLEMS IN YOUNGSTERS With ADHD

It is quite surprising that the diagnostic criteria for ADHD according to DSM-5 lack
criteria for the association of ADHD and any sleep problem since there is no doubt
that many youngsters with ADHD have sleep problems with recently reported
higher prevalence rates in girls [30]. However, up to date, it is not definite
established if impaired sleep is a unique feature of ADHD, is caused or worsened
by certain comorbidities, or is the result of both. However, in spite of the fact that
the etiology of ADHD is multifactorial, the results of several studies have suggested
the presence of common underlying neurological etiology to both ADHD and sleep
disorders [31,11].

The prevalence of sleep problems in ADHD according to parent questionnaires is
very high, reaching 70% in the study by Sung [32]. Such problems seem to be a
common feature of all clinical types of ADHD, (predominantly inattentive [ADHDI];
combined [ADHDC]; predominantly  hyperactive-impulsive  [ADHDHI]).
Nevertheless, youngsters suffering from ADHDC had more sleep breathing
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disorders and sleep hyperhidrosis, while children with ADHDHI show significant
behavioral sleep problems in initiating and maintaining sleep, sleep-wake
transition disorders, and excessive daytime sleepiness [33,11].

Parental reports for the ADHDI and ADHDHI types related to sleep habits
disclosed the presence of earlier bedtime, later rise time, longer nocturnal sleep,
more frequent daytime napping, insomnia, sleep terrors, sleep-talking, snoring and
bruxism [34,11]. Accumulating evidence suggests that there is a bidirectional
association between sleep-related breathing disorder (SRBD) and ADHD. Due to
the fact that the prevalence and severity of SRBD are age-related, such an
association is more prominent in adult-onset ADHD, followed by adolescent
patients and lastly in school-aged children. The most prevalent SRBD in children
and adults are Obstructive Sleep Apnea (OSA) and habitual snoring. It was
repeatedly shown that SRBD is associated with behavioral, cognitive and
scholastic problems in children of school age [35-37,11], among them are a
significant number of children and adults with ADHD [38-41]. In a meta-analysis of
studies related to this topic 1113 children (874 with SRBD who had ADHD
symptoms; 239 with ADHD and SRBD) were compared to 1405 controls. The
authors found that there was a medium relation (Hedges’ g effect size) between
ADHD symptoms and SRDB [42]. The most cited explanation for such an
association is the effect of SRBD on sleep quality. Periodic Limb Movements
Disorder (PLMD), is also more frequent in children with ADHD (23-26%) [43],
compared to ND children (7.7-14%) [44,45,11]. PMLD affects sleep quality mainly
by causing sleep fragmentation, insomnia, nightmares and daytime behavioral
problems which may imitate symptoms of ADHD [45,46].

Polysomnography proved to be a poor predictor of ADHD subtype [47]. Moreover,
in a quite recent meta-analysis type study of 18 reports on PSG in ADHD published
15 years earlier, in about half of those reports, no difference in sleep architecture
of children with ADHD, compared to those with typical development, was found
[48,11]. Moreover, a recent study has shown that by using a sleep efficiency index
obtained by polysomnography it was impossible to explain the high frequency of
insomnia reported in children with ADHD [49].

Nevertheless, some interesting differences in PSG macro and microstructure were
noted. While non-REM (NREM) sleep did not differ significantly in ADHD compared
to normal controls, REM sleep was of longer duration and there was an increase
in the number of sleep cycles [47,48,50]. It was suggested, that an increased
number of sleep cycles may impose a faster transition to REM sleep explaining in
part the longer duration of REM sleep in ADHD [49,11]. The main relevant
alterations in PSG microstructure in ADHD children are increased theta activity
mainly during REM sleep [51]. Similar findings of increased theta—beta ratio in
awake surface EEG in ADHD were associated with impaired inhibitory control
[52,11]. The consistently demonstrated altered theta activity both during waking
state and sleep led Scarpelli to conclude that increased theta activity may be a
biological marker of ADHD in children in spite of the fact that it was based on only
8 studies published between the years 2006-2017 [48]. However, this conclusion
could not be confirmed in a study by Zhang et al. in 2019 [53].
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3.1S DISORDERED SLEEP A SOLE SYMPTOM OF "PURE" ADHD, IS
CAUSED BY COMORBIDITIES OR IS DUE TO BOTH

Neuropsychiatric comorbidities are frequently reported in ADHD. According to
parent reports, comorbidities were present in 67% of children with ADHD [54]
Those consisted of language impairment (70%) [55], learning disabilities (15-40
%) [56,57], emotional and mood disorders such as depression (12-50%), conduct
and oppositional defiant disorder (30-50%) [58] and impaired motor coordination
(30- 50%) [59,11]. The wide range of prevalence mentioned above can be
explained by the heterogeneity of study methods, age range, and cognitive ability,
socioeconomic and demographic variables, all known to affect neuropsychiatric
morbidity in all ages. About a third of youngsters 6-16 years of age were diagnosed
by Takeda as "pure"(without any comorbidity) ADHD [60,11]. Similar results were
reported in two large cohorts of ltalian youngsters 12-17 years old [48,61].
Comparison of the presence of 10 sleep problems (difficulty falling asleep, often
awakening during the night, restlessness during sleep, nightmares, sleep talking
or walking, enuresis, early awakening, relative short sleep, relative longer sleep,
daytime somnolence) between children with "pure” ADHD and ADHD with various
comorbidities using an arbitrary score based on Pediatric Behavior Scale (PBS)
[62,11], disclosed that the youngsters with ADHDI had slightly less problems than
normal controls, and those with ADHDC scored a little higher. Anxiety /depression
comorbidity scores were 17% higher in both ADHDI and ADHDC while ADHDC
scores were 26% higher than ND children [63,11]. When sleep was objectively
studied by PSG and Multiple Sleep Latency Test (MSLT) in a group of children
with and without psychiatric comorbidity, most of the sleep and MSLT
measurements did not differ significantly between the 2 groups, or between the
types of ADHD presentation [46,11]. However, the authors stated that due to the
small number of children in each comorbidity, the interpretation of their findings
should be taken with caution. The logical way to assess the bidirectional
association between ADHD with comorbidities and sleep impairment is to look for
the prevalence of sleep impairment in the most common ADHD comorbidities. In
a study of the relation between a variety of sleep disorders and school grades in
2384 Brazilian children 7-10 years old, 733 suffered from symptoms of sleep
disorder (SD). Overall, 13.1% failed in the language (Portuguese) and 25.5% in
mathematics as compared to 9% and 8.4% respectively in the group without SD.
Similar differences were found in children with disorders of initiation and
maintenance of sleep regardless of age and gender [11]. The most striking result
was the failure in mathematics in all 125 children who suffered from sleep
hyperhidrosis [64]. There is also a bidirectional relation between generalized
anxiety disorder, as well as subtypes of anxiety, and sleep problems. To overcome
the large gap between parent and young anxious patient reports on their sleep
quality which hindered several studies on the topic, Masi used a mutual interview
with parents and patients in those cases where there was a significant
inconsistency between reports of parents and their child. It was found that 51% of
youngsters with generalized anxiety disorder experienced sleep problems
according to combined child- and parent reports [65,11]. In a recent meta-analysis
of the literature published between 1996 and 2022, looking for a possible
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association between ADHD and restless leg syndrome (RLS) in the general
population, it was found that 11 to 42.9% of children with ADHD had symptoms of
RLS [66]. Obstructive sleep apnea (OSA) is one of the risk factors for ADHD and
symptoms of OSA in children may be mistaken for ©SA ADHD, thus, the
relationship between ADHD and OSA seems to be reciprocal and OSA may
negatively affect ADHD symptoms and vice versa. In fact, ADHD was reported in
95% of children with OSA [67].

As previously mentioned, Periodic Limb Movement disorder (PLMD) is an age-
dependent sleep-movement disorder with increasing incidence in late adulthood.
The coexistence of PLMD and ADHD seems to be very high. Indeed, Picchietti
reported that 90.6% of their cohort with moderated to severe PLMD had ADHD
[68], while Crabtree found that 44.4% of children with PLMD (PLMI >5), had ADHD
[69]. Interestingly and challenging is the recent observation that periodic leg
movements during sleep are not increased in children with ADHD [70].

Sleep problems are very common in childhood depression. Indeed, 72.7 % of a
large cohort of Hungarian children with depression had sleep problems. Out of
those 53.5% suffered from insomnia alone, 9 % had hypersomnia alone and 10.1
% suffered from both [71]. It is impossible to determine the true prevalence of sleep
problems in conduct disorder, oppositional defiant disorder (ODD), or both
disorders combined [11]. However, there is a bidirectional association between
ODD and sleep problems. Possible explanations are the fact that ODD is strongly
associated with ADHD and that in the majority of studies, the patient population
suffered from combined ODD, depression and generalized anxiety disorder
[72,11]. Although the recognition that youngsters with Developmental Coordination
Disorder (DCD) suffer from sleep problems, was first reported by Barnett & Wiggs
in 2011 [73] and recently fortified by subjective and objective sleep evaluation
[74,75], we could not find data stating the prevalence of sleep problems neither in
pure DCD nor in ADHD and DCD for comparison [11].

It is evident from all the above that ADHD and comorbidities have a bidirectional
association with heterogeneous sleep disorders, an association that has a
negative impact on symptoms of ADHD with and without comorbidity and vice
versa [11]. The end result of the variety of sleep disorders in ADHD reviewed above
can be summarized as chronic sleep deprivation. Although no clear-cut genetic
etiology was documented in ADHD, a recent study of a possible common genetic
relation between patients with ADHD and patients with narcolepsy disclosed that
polygenic risk scores in ADHD were significantly associated with those of patients
with narcolepsy [76,11].
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4. IS THERE A NEUROANATOMICAL EXPLANATION FOR A LINK
BETWEEN ADHD AND IMPAIRED SLEEP

Sleep impairment is associated with widespread regional changes in brain activity
shown by numerous objective methods to be involved in sustained attention,
distraction, impulsivity and memory. A recent meta-analysis of publications dealing
with structural and functional neuroimaging in ADHD, at rest and during
neuropsychological tasks, revealed a wide range of differences between ADHD
subjects compared to normal controls [11]. Those findings may indicate that ADHD
is caused by malfunction of certain neuronal networks, in particular the default
mode network which consists of the medial prefrontal cortex, posterior cingulate
cortex/precuneus and angular gyrus [77,78]. In a large cohort of children with
ADHD and sleep impairment symptoms, brain MRI (3 Tesla) disclosed an
anatomical overlap between ADHD and sleep impairment symptoms in the middle
and inferior frontal gyrus, amygdala, insula and corpus striatum where the grey
matter volume was decreased [11]. Moreover, 40% of this overlap was considered
as the impact of ADHD on sleep [79]. In a quite recent meta-analysis of functional
MRI (fMRI) it was found that in both normal sleep-deprived and ADHD subjects
there was an overlap of hypoactivation in attention-regulating executive functioning
networks (dorsal anterior cingulate cortex, precentral gyrus, inferior frontal gyrus
and posterior parietal cortex), while accompanying hyperactivation of the thalamus
was found only in the sleep-deprived group [11]. Those results suggest that a
compensatory arousal mechanism, the thalamic normal wake—promoting systems,
can compensate for sleep loss in normal sleep-deprived individuals. However, this
compensatory “recuse” system is not present or is inactive in ADHD [80,11].

5. SLEEP AND DRUG TREATMENT OF ADHD

Stimulant drugs are the treatment recommended for symptoms of moderate to
severe ADHD. Of the various stimulants, methylphenidate (Ritalin®) is the most
frequently used worldwide [81] and was shown to be effective and well tolerated in
most treated children and adolescents [82]. The notion that stimulants and
particularly Ritalin, may either cause sleep problems or aggravate existing sleep
problems in ADHD is supported by parent and patient experience [11].

Moreover, a significant number of clinicians also share this view and are hesitant
to prescribe stimulants for ADHD. The negative impact of stimulants on sleep
quality is also supported by several publications [82-84], while in other studies it
was found that treated children with ADHD compared to untreated, did not differ
significantly in regard to objective and subjective sleep problems [85,11]. Indeed,
in a double-blind cross-over questionnaire study of drug naive children with ADHD
who were given long-acting Ritalin (ConcertaR) in a dosing schedule defined as
low, medium and high adjusted to body weight for 4 weeks, new sleep problems
were recorded in 23% of the children who did not suffer from previous sleep
problems only when the high dose was given [11]. In contrast, no sleep problems
were recorded in 62.5% of the children with previous sleep problems when given
the high dose. It is of interest that the children with lower weight and BMI were at
the highest risk of having sleep problems when given the high dose of Ritalin [84].
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In an open labeled study design, [86] children with ADHD were given Ritalin for 8
weeks in the form of gradually increasing doses until sufficient therapeutic effect
was reached. Only 10 of the patients had sleep problems during the first 2 weeks
of the study when the initial dose of Ritalin (mean dose 20.9 mg. daily) was given
[86,11].

There are only a few studies involving small cohorts of adults with ADHD in which
Ritalin was found to improve sleep quality [87,88]. With regard to newer stimulants
in a double blind-placebo controlled study of 2 comparable large groups of adults
with ADHD, sleep quality was scored before and after a treatment period of about
7 months with either lisdexamfetamine (VyvanseR) or mixed amphetamine salts
(AdderalR?, Attent®). A third of the participants (treated and placebo) showed
significant and meaningful improvement in sleep scores [11]. The authors
concluded that their findings indicate that the improvement found was not related
to stimulant therapy groups [89]. In an updated review of the literature on the effect
of stimulants on subjects with ADHD compared to primary insomnia the authors
concluded that insomnia is associated with adult ADHD in 30-80% of the patients
regardless of drug treatment for ADHD. Nevertheless, they postulated that the
studies that showed better sleep quality with drug treatment for ADHD, the
improvement could be the result of improved daytime function as a result of the
treatment [90,11].

6. OUR EXPERIENCE

Maynei Hayeshua Medical Center, a university hospital located in Bnei Barak, is
the only hospital for the city of about 204000 citizens, mostly orthodox Jews who
prefer this particular hospital since many of the doctors are also orthodox Jews
and the policy of medical care is based on modern scientific criteria adjusted to the
Orthodox lifestyle of the treated population. The majority of the city population are
children and adolescents since the average number of children per family is 7.
Children start to learn reading and writing at the age of 4 years. Most of the boys
will study until the age of 18 years in an orthodox version of a college called
Yeshiva, while most of the girls will study in teacher's seminars until getting
married. There is great emphasis on orthodox education, and the majority of males
will continue to study, mainly Talmud, during their life span. Thus, the awareness
of possible learning difficulties and impaired attentional skills in this particular
population and the demand for evaluation of attentional and learning skills is very
high. Also, non-medical use and abuse of stimulants are quite high due to the fact
that scholastic achievements are a prerequisite for socioeconomic upgrading due
to better pay if they get a prestigious job in the orthodox society (Rabbi, teacher
etc.). It is also a prominent issue when marriage prearrangement (Shiduch) is
negotiated.

In our Pediatric Neurology tertiary clinic, the majority of patients are referred for
suspected ADHD by pediatricians, teachers, school authorities or parents. The
main reasons for referrals are school failure and unaccepted behavior. Referrals
either by mail or phone are received by our secretary staff who provide the family
with a printed Hebrew version of DSM-4 since 2006 and since 2013, DSM-5 ADHD
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18 items criteria forms. Also provided are written detailed instructions on how to
complete the forms and who should do it (parents/ guardians and teachers). The
parents are requested to obtain a letter from the teacher describing his/her general
impression of the child and when available school grades obtained during the
years [91]. The Hebrew version of a ten-item questionnaire of sleep quality [92] is
also provided for the parents to complete. During the first clinical interview with the
parents together with the child, physical and neurological examinations are
performed. Parents and the child are given a structural interview covering issues
such as the child’s past medical history, family history, sleep habits and quality,
scholastic history, family size and socioeconomic status. The child is present
during the whole interview giving a chance to observe his behavior and reactions
during this stressful situation. Children in whom for some reason a definite
diagnosis could not be reached are offered a continuous performance test (test of
variable attention- TOVAR). If the results of the first test are questionable, a
repeated test is performed 90 minutes after a test dose of Ritalin is given. In those
patients, a second diagnostic interview with parents and child is initiated, where
the final diagnosis, treatment and follow-up plans are discussed. A follow-up visit
is scheduled during which updated DSM-5 and sleep quality questionnaires are
provided together with recent school grades and the written teacher’s impression
of the treatment period. A clinical short interview of parents and the patient as well
as weight and height are recorded. The possible diagnoses of ADHD and its type,
presence of comorbidities, pure learning disability, psychiatric disorder and typical
development are noted. The sleep questionnaire was kept unnamed until the
present study using a numeric code only, During 2016, we retrospectively
screened 400 sleep quality questionnaires completed between June 2012 and
September 2016. Out of those, we were able to use only 230. We could not use
170 since details were missing either in the sleep quality questionnaire or because
the patient's medical charts lacked the essential details necessary for our
assessment. The sleep quality questionnaire was scored according to Chervin and
Moraleda-Cibrian [92,93] and following that, the matching clinic records containing
the final clinical diagnosis were retrieved and the score of sleep quality was
recorded. We have found that 36.2% of the children (mean age 8.65 +2.15 years,
39.1% qirls) with all types of ADHD suffered from sleep problems as compared to
161 children ( mean age 9.9 +2.72 years, 27.2% girls ) without ADHD of which
30.2% had sleep problems. There was no statistical difference between the groups
in the prevalence of sleep problems, gender, height, weight, number of children
and order of the child among his peers, socioeconomic status, dexterity, general
health, neonatal problems, learning difficulties, developmental delay, and learning
disability. The single statistically significant difference was the higher prevalence
of positive family history of ADHD in the ADHD group. There were more soft
neurological signs and clinically evident hyperactivity in the ADHD group. In regard
to comorbidities, 43.5% of the ADHD had no comorbidities while 49.3% had
learning disability. Emotional problems were more frequent in the no-ADHD group
in whom 17.9% had no comorbidity [94]. Similar results were obtained in an
additional 300 patients which were seen later in our clinical (unpublished data).
Our observations are in line with the assumption that sleep impairment is not an
additional symptom of ADHD but is associated with learning disabilities and
emotional problems which are quite common in ADHD.
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Our study has merits as well as limitations. The population studied is homogenous
in terms of socioeconomic and -cultural-education features. Although the
diagnostic process of ADHD and possible comorbidities was tedious, it was based
on DSM4-5 criteria only, however, all patients were diagnosed by one neurologist
(N.G.). The main limitation of our study is the fact that sleep problems were
detected using a short screening questionnaire and details on sleep habits during
a clinical interview. However, similar reports were obtained on follow-up visits
indicating the consistency of sleep problems in spite of stimulant treatment.

7. CONCLUSION

Sleep impairment in ADHD is the combined result of ADHD and comorbidities with
a bidirectional negative impact on sleep quality and ADHD symptoms.
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ABSTRACT

Aim: This study aims to investigate the impact of platform switching on the trans-
cortical section of bone adjacent to an endosseous dental implant in the posterior
mandible region, under vertical and oblique forces.

Materials and Methods: Three-dimensional finite element models were
constructed using ANSYS 13.0 software, employing Type Il mandibular bone with
cortical thickness ranging from 0.595 mm to 1.515 mm, encompassing a crestal
region of 1.5 mm surrounding dense trabecular bone. The implant design featured
a 5 mm restorative platform tapering down to 4.5 mm wide at the threads, with a
length of 13 mm and an abutment height of 3 mm. Two scenarios were modeled:
1. An implant with a 5 mm diameter abutment representing a standard platform,
and 2. An implant with a 4.5 mm diameter abutment representing platform
switching. Vertical and oblique forces, simulating masticatory loads, were applied
at 100 N and 15 degrees from the vertical axis, respectively. Von-Mises stress
analysis was conducted.

Results: Under oblique forces, cortical stress in the conventional and platform
switching models measured 59.329 MPa and 39.952 MPa, respectively. For
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vertical forces, cortical stress in the conventional and platform switching models
was 13.914 MPa and 12.793 MPa, respectively. With a wider implant in the
platform switching, a lower incidence of stress was found that was also
concentrated away from the peri-implant bone surface which would cause less
microdamage in the bone tissue, resulting in minimal crestal bone loss.
Conclusion: The study demonstrates that reducing abutment diameter (i.e.,
platform switching) leads to a measurable decrease in Von-Mises stress within the
crestal region of cortical bone.

Keywords: Finite element analysis implants; isotropic material; platform switched
model; von mises stress.

1. INTRODUCTION

The etiology of peri-implant crestal bone loss is today better understood and
certain factors proposed in the past have turned out to not be of concern.
Predictably, as the application of the initial wave of implants was so successful, an
expansion of clinical scenarios amenable to dental implant therapy took place.
Following on, an expansion of the clinical provider pool considered appropriate to
place and restore implants took place. Finally, “innovations” to the dental implant
systems with the goal of fostering the expansion of clinical scenarios and provider
pool also took place [1]. The replacement of missing teeth with artificial substitutes
has been part of dentistry for thousands of years to achieve esthetic and functional
factors. Dr. Per Ingvar Branemark forged dentistry into a new era of reconstructive
dentistry with a predictable success rate by the discovery of osseointegration [2].

Dental implant growth throughout history is a rich and fascinating time travel
adventure. Dental implants have been used by people to repair missing teeth in
one way or another since the dawn of civilization. Endosseous dental implants
have drastically changed how the teeth of individuals who are edentulous or
partially edentulous can be restored. The high survival rates reported for single
and multiple missing tooth replacements have demonstrated the effectiveness of
implant-supported restorations as an approach for oral rehabilitation [3]. Dental
implants have been used for the restoration of complete or partial edentulous
ridges with a predictable outcome. The longevity of the implants primarily relies on
the stability of the implant-bone interface [4,5]. It has been suggested that the
factors of early implant loss are microgap if placed at or below the bone crest,
implant crest module, occlusal overload and the reformation of biologic width
around dental implants. Therefore, to best avoid pathological conditions it is
essential for an implant design to have features that distribute stress effectively
and evenly throughout peri-implant bone [6,5].

Platform switched abutment design on an implant fixture shows benefits in
controlling the early implant bone loss factors. In this study, the term platform
switching refers to a reduced diameter abutment in relation to the fixture platform
diameter [7,5].

Several studies have described methods (photoelastic analysis, strain gauge
placement, finite-element analysis) for evaluating the biomechanical advantages

18



Medical Research and Its Applications Vol. 8
Analysing Peri-implant Stress on Crestal Bone: A Three-Dimensional Finite Element Analysis of Various
Abutment Diameters

of platform switching. A computed tomography based three-dimensional FEA
demonstrated that the platform-switched designs can be considered a valid
treatment option, equivalent to the conventional matching diameter abutment—
implant configurations [8,5].

FEA is the suitable tool available for analysing them. By FEA researchers predict
stress distribution in the contact area between cortical bone and implant as well as
around the apex of implants in the trabecular bone [5].

A recently published review and meta-analysis showed that platform switching may
preserve inter-implant bone height and soft tissue levels. The degree of marginal
bone resorption was inversely related to the extent of implant abutment mismatch
[9]. Platform-switched implants are also known to preserve marginal bone from
stress concentration, mostly localized in the proximal layer between implant and
abutment [10,5].

The biomechanical rationale proposed that by platform switching the stress-
concentration zone is directed from the crestal bone-implant interface to the axis
of the implant and so reduces the stress level in the cervical bone area [5]. Cochran
et al. [11] proposed that, placing the implant-abutment connection below the
crestal bone level, may cause bone resorption to re-establish the biologic width.
Since there is a lacunae of knowledge and very little research done with the 3D
FEM analysis and also due to the absence of long-term data, the study was
planned with an aim to analyze the interaction phenomena of platform switching
on the trans-cortical section of bone adjacent to an endosseous dental implant
under vertical and oblique forces in posterior mandible region [5].

2. MATERIALS AND METHODS

Implants with abutments were modeled using a computer with specifications. A
finite element program, ANSYS version 13 was used for the study. The implant
was assumed to be placed in the region of the molar of the mandible. The models
were provided in close approximation to the in vivo geometry [5].

2.1 Steps Involved in the Study

I. Finite element modeling

Construction of geometric model, Mesh generation, Specifying material properties,
Applying boundary conditions, Application of loads

Il. Finite element analysis
I. Finite element modeling

2.2 Construction of Geometric Model

Bone design: Initially, a computerized tomography (CT scan) of a normal human
mandible with no history of implant placement or no history of any associated
pathologies of the mandible was obtained using a CT Scanner. The CT Scans
were taken extending up to the soft tissue plane over the inferior border of the
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mandible [5]. The mandible was modeled as a sagittal cut of the mandible,
including the residual alveolar process and the lingual bone from the CT scan to
generate the model of bone [5]. The section of bone was traced on the graph paper
x and y coordinates of the contouring points were extracted and joined to form
partial volumes of both cortical and trabecular bone that together defined the final
geometry. Then the section was extended mesially and distally in the z-plane.
Through this process, the CT scan data was converted into a three-dimensional
solid model of the posterior mandible region for analysis purposes using Ansys
mixed approach [12,5].

Fig. 1. Model built up with 5 mm abutment [5]

Fig. 2. Model built up with 4.5 mm abutment [5]
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Fig. 3. Meshing of 5 mm abutment model [5]
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Fig. 4. Meshing of 4.5 mm abutment model [5]

Implant design: A three-dimensional finite element model of an endosseous
implant simulating BIOMET 3i Implant System was generated using Catia V19.
The dimensions of the tapered implant design were 5mm in diameter and 13mm
in length. Around the prepared implant, bone was constructed with definitive
differentiation of outer cortical and inner trabecular to form model 1 [5]. Thus
constructed model of implant and bone was duplicated into one more model.
Abutments of different diameters, the straight abutment, with 5 mm and 4.5 mm
were constructed on these two models, thus in total two models consisting of an
implant, bone around it and one type of abutment fixed to the implant were

designed (Fig. 1 to Fig. 4) [5].
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The bone-implant interface for both the models was bonded, simulating complete
Osseo integration and the dental implant, abutment was assumed to be connected
as a single unit.

2.3 Mesh Generation

When the geometry of the model was complete, a specialized mesh generation
procedure was used to discretize the model. The three-dimensional finite element
model corresponding to the geometric model has meshed using hypermesh
software (ANSYS version 13 software). The type of meshing is free meshing
because the model is not geometrically symmetric. The element size (SOLID 92)
was selected according to default settings [5]. The type of element suitable for this
particular study was a noded tetrahedron element which was assigned four
degrees of freedom per node, namely translation in the x, y and z directions [5].
The elements were constructed so that their size aspect ratio would yield
reasonable solution accuracy [12]. The coordinates were finally imported into the
ANSYS 13 software as key points of the definitive image (Fig. 5 to Fig. 6).

2.4 Specifying Material Properties

For the execution and accurate analysis of the program and interpretation of the
results, two material properties were utilized i.e. Young’s modulus and Poisson’s
ratio. All the materials used in this study were considered isotropic, homogenous
and linearly elastic. The physical properties of different components used in this
study are illustrated in Table 1 [5].

2.5 Applying Boundary Conditions

Zero displacement constraints must be placed on the boundaries of the model to
ensure an equilibrium solution. In this study, a zero displacement constraint was
placed on all nodes lying along the external lines of the cortical bone [5].

The final models (Table 2) had a total number of nodes 52176 and elements 52876
for the model with the 5 mm abutment and nodes 52370 and elements 53017 for
the model with the 4.5 mm abutment.

Table 1. The physical properties of different components used in study [5]

Material Elastic modulus Poisson’s ratio
(MPa)

Ti alloy 1.17E+5 0.30

Cortical Bone 2727 0.30

Trabecular Bone 1370 0.31

Table 2. The physical properties of different components used in study [5]

Model No of elements No of nodes
5 mm diameter abutment 52876 52176
4.5 mm diameter abutment 53017 52370
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Fig. 5. Meshing of model under vertical forces [5]

Fig. 6. Meshing of model under oblique forces [5]
reported in the literature [13] After applying the static loads on each model, the

The magnitude of the force of 100 N was also within the range of mean values
stress generated in the bone and in the implant was recorded.

2.6 Application of Loads
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2.7 Finite Element Analysis

These different models were analyzed by Processor i.e. solver and the results
were displayed by the Post-Processor of the Finite Element Software (Ansys
version 13) in the form of colour-coded maps using Von Mises Stress Analysis.
Von Mises stress values are defined as the beginning of deformation for ductile
materials [5]. Metallic implant failure occurs when Von Mises stress values exceed
the yield strength of an implant material. Von Mises stresses are most commonly
reported in FEA studies to summarize the overall stress state at a point. The Von
Mises stresses were generated in cortical, trabecular and implant regions after
application of loads. Therefore they are important for interpreting the stresses
occurring within the implant [12,5].

3. RESULTS

The stress distribution pattern generated in the Finite element models comes in
numerical values and in color coding. Maximum values of Von Mises stress are
denoted by red color and minimum value by blue color [5]. In between the values
are represented by bluish-green, green, greenish-yellow and yellowish-red in the
ascending order of stress distribution. The two models of different abutment
diameters were studied under a load of 100 N. The color plots obtained were
studied and the maximum Von Mises stresses were noted and tabulated for each
condition [5].

Tables 3 and 4 show the values of Von Mises stress in implant,
cortical and trabecular bone in a model with a 5 mm abutment model and 4.5 mm
abutment model, after the application of 100 N loads under vertical and oblique
forces [5].

Fig. 7 to Fig. 8 shows the stress distribution after the application of load in 5 mm
abutment model and 4.5 mm abutment model under an oblique force of 100N.
Cortical Von Mises stresses were found to be maximum in the cervical region of
bone measuring 59.329 MPa and 39.52 MPa respectively [5].

Fig. 9 to Fig. 10 shows the stress distribution after the application of load in 5 mm
abutment model and 4.5 mm abutment model under a vertical force of 100N.
Cortical Von Mises stresses were found to be maximum in the cervical region of
bone measuring 13.914 MPa and 12.793 MPa respectively [5].

The comparison values of Von Mises stress on the bone and implant were
summarized in Fig. 11 to Fig. 12 when a load of 100 N was applied to the 4.5 mm
abutment and 5 mm abutments. This study states that the Von Mises stress
changed considerably with abutment diameters [5]. The stress was minimal in 4.5
mm abutment model and increased progressively in 5 mm abutment model. Also,
the stress was minimal in cortical bone than in cancellous bone and the stress was
highest in the implant abutment [5].
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Table 3. Under Vertical forces of 100 N [5]

Abutments Overall  Cortica Trabecula Implant
stress | stress r stress stress
(MPa) (MPa) (MPa) (MPa)

5 mm diameter abutment 126.248 13.914 126.248 126.248

4.5 mm diameter abutment  173.933 12.793 173.933 173.933

Table 4. Under Oblique forces of 100 N [5]

Abutments Overall Cortica Trabecula Implant
stress | stress r stress stress
(MPa) (MPa) (MPa) (MPa)

5 mm diameter abutment 191.928 59.329 191.928 191.928

4.5 mm diameter abutment 239.556 39.952 239.556 239.556

sEP 18 2014
17:83:34

027765 13.206 26.384 39.562 $2.74
6.617 15.79% 32.973 46.151 $9.329)

Fig. 7. Cortical stress of 5 mm abutment under oblique forces of [5]
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SEP 10 2014
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oMX =39.952

e ——— — E———
026141 8.859 17.771 26.643 35.516
4.462 13.33% 22.207 31.079 39.9%2

Fig. 8. Cortical stress of 4.5 mm abutment100 100 N [5]
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Fig. 9. Cortical stress of 5 mm abutment under vertical forces of 100 N [5]
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Fig. 10. Cortical stress of 4.5 mm abutment under vertical forces of

100 N [5]
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Fig. 11. Comparisons of two abutments with cortical stress under oblique
load of 100 N
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4. DISCUSSION

Baumgarten et al, [14] stated that sufficient tissue depth (approximately 3 mm or
more) is required to have an adequate biologic width. They concluded that platform
switching helps in preventing bone loss and also preserves crestal bone [5]. The
inflammatory cell infiltrate, which surrounds the implant—abutment junction (IAJ) in
a collar-like fashion, is contained within the angle formed at the interface and thus
prevented from spreading further apically along the implant [15,5].

Markus Hurzeler et al, [13] compared crestal bone loss around platform-switched
and non-platform-switched implants. They found the mean crestal bone loss was
2.02 mm in non-platform-switched implants and 0.22 mm in platform-switched
implants. They also concluded that a reduction of the abutment diameter of 0.45
mm on each side is sufficient to avoid peri-implant bone loss [15,5].

Stress concentration around the implant can lead to bone loss because of bone
micro-damage and crater-like bone defects created around the implant. The
correct reasons for bone preservation with the platform switching technique include
inward shifting of the location of the implant—abutment junction (IAJ) or the stress
concentration area between the abutment and implant [16,5].

It is the purpose of this computer model to analyze the effect of platform switching
upon adjacent bone level as well as stress that is transferred from the implant
fixture to the trans-cortical aspect. Analysis of these stresses was performed using
FEA technology. The results demonstrate the translation of simulated masticatory
forces through the abutment to the implant and onto the surrounding bony
structures in a 3-dimensional cross-section of the mandible [5].

The development of numerical models makes it possible to evaluate the
mechanical behavior of the bone-implant compound by estimating fundamental
variables, such as stress and strain in the bone tissue, and also to investigate a
large number of operational conditions [17,5].

The border between the mechanical environment causing implant failure and
under which bone adapts through bone resorption is not yet clearly drawn [18].
However, the models are definitely useful for a preliminary interpretation of
implant-abutment interaction [19,5].

Platform Switching has some benefits like improved bone support for short
implants and optimal management of the prosthetic space. The amount of
restorative volume available for an optimally contoured, physiological implant
restoration is a critical factor. Support is retained for the interdental papillae with
the crestal bone preservation both horizontally and vertically. Maintenance of
midfacial bone height helps to maintain facial gingival tissues [20,5].

As described by Ericsson et al. [21] by repositioning the 1AJ inward and away from

the outer edge of the implant and adjacent bone (platform-switching), the overall
effect of the inflammatory cell infiltrate on the surrounding tissue, may be reduced,
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thus decreasing the resorptive effect of the inflammatory cell infiltrate on crestal
bone [5]. This can be explained by the enhanced distance, which is generated
between bone and the inflammatory cell infiltrate by shifting the platform inwardly.
Furthermore, by inward positioning of the abutment, an approximately 90° step will
be created compared with a 180° step when using the traditional abutment design
[5]- The resulting confined area may have the consequence of restricting the
inflammatory infiltrate to this restrained region and limiting the consequence to the
adjacent tissues as it is mostly surrounded by nonbiologic material. This may result
in a reduced inflammatory effect within the surrounding soft tissue and crestal bone
[22,5].

The use of 3D modeling in this study for analysis with isotropic characteristics will
increase the clinical relevance, when compared to the 2D modeling and analysis
as it is assumed to be infinitely thick, disregarding the cylindrical shape of the
implant and its contact with the bone around it [5]. Therefore, the axial forces that
would have been absorbed by the bone surrounding the implant will not be
considered, and the maximum strains would be higher than a 3D model [5].

The FE model was used to calculate the von Mises stress. However, the bone
sometimes can be classified as a brittle material, so the principal stress is also
implemented to evaluate the situation of compact bone surrounding the implants.
Additionally, stress distributions in the FE models were illustrated to compare the
biomechanical effect between the conventional model and platform switching
model [5].

The role of platform switching in minimising crestal bone loss remains debatable.
Bone loss around implants seems to be governed by several factors, such as the
cervical features of the implant design, 3D- implant positioning, prosthetic concept
and the implant abutment connection, width of alveolar ridge and prevention of
micromotion at the implant-abutment interface and not merely placing implants
according to the platform switching concept [23,24,5].

Data from this present study showed in oblique loading, 100 N resulted in 59.329
MPa Von-Mises stresses whereas a 10% reduction of abutment diameter led to a
2.3% decrease in Von-Mises shear stress. For vertical loading, the effect was less
than that noted in oblique loading [5]. For the standard (control) abutment
diameter, a crestal Von-Mises shear stress of 13.914 M Pa was seen compared
with a 0.9 % decrease in Von-Mises shear stress where the abutment diameter
was reduced by 10%. In a study done by Akagawa et al. [25] the trabecular bone
was modeled both as a solid substance and a more natural porous substance [5].

This study assumes both cortical and trabecular bone to be of an isotropic nature.
The trabecular model in this study was modeled as a solid, isotropic material with
no porosities that was found with in vivo trabecular bone [5].

For the analysis portion of this study, it was determined that both a vertical and
oblique loading model should be tested. The angle of 15 degrees and loading force
of 100 N were chosen as it has been shown in other studies [7,26] to be more
comparative to In vivo mastication [5]. To augment the oblique condition, an
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additional model with vertical loading of 100 N was done. Although these forces
and angles represented possible applications of force to a dental implant, the
actual vector of force can vary from individual to individual [27,5].

The control abutment diameter of 5 mm was selected, as it is a feasible size
implant in this area of the mandible. A decrease of 10% led to an abutment
diameter and 4.5 mm. The purpose of the under-extended abutment was to
demonstrate the concept of platform switching. The implant length (13 mm) was
chosen as an average length in similarity to another FEA study [28,5]. It is also an
appropriate length as it is a commercially available size for implants that are often
placed in edentulous premolar areas. With a wider implant in the platform
switching, a lower incidence of stress was found that was also concentrated away
from the peri-implant bone surface which would cause less microdamage in the
bone tissue, resulting in minimal crestal bone loss [5].

In addition, present data also suggested that when the abutment diameter was
reduced by either 10% or 20%, it resulted in less stress transferred to the crestal
bone regardless the direction of force (vertical or oblique) [5]. This is in support of
hypothesis that suggests platform switching may increase the distance between
the abutment inflammatory cell infiltrate and the alveolar crest, thus reducing its
bone resorptive effect [29]. Furthermore, our results also confirmed the speculation
made by Lazzara & Porter [30] who found that repositioning of implant-abutment
interface away from the crestal bone into a more confined area reduces bone
resorption at crestal bone level [30,5].

Another possible reason to explain the efficacy of the platform switching
configuration is based on the distance between the bone surface and the stress-
concentrated area on the implant surface [31]. As microorganisms are likely to
move toward the high-energy area or by mechanisms such as interface
micromovements that allow the microorganisms to move that area, it is
advantageous to have a large distance between the stress concentration area and
the bone surface [32-34,5].

5. CONCLUSION

Within the limitations of the present study and on the basis of results obtained, it
can be concluded that [5]:

1. The cortical Von Mises stresses in 5 mm diameter abutment model were
found to be maximum as compared to 4.5 mm reduced diameter. The stress
was concentrated in the cervical region of bone.

2. The implant Von Mises stresses in 4.5 mm diameter abutment model were
found to be maximum as compared to 5 mm diameter abutment. The stress
was concentrated in the implant-abutment joint area.

3. The overall stresses in 4.5 mm diameter abutment model were found to be
maximum as compared to 5 mm diameter abutment.

4. The magnitude of stresses decreased as the diameter decreased.

5. Maximum von Mises stress, compressive and tensile stresses in cortical
bone were lower in the platform switching model than in the conventional
model.
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ABSTRACT

The present study highlights the understanding of Fibrinolysis Misconceptions.
Tissue plasminogen activator (tPA) has been associated with therapeutic
fibrinolysis for thirty years due to the unproven theory that fibrinolysis was caused
by tPA alone. Streptokinase (SK), a non-specific activator, was replaced with tPA
during development; nonetheless, comparative trials in acute myocardial infarction
(AMI) revealed similar benefits for both drugs, with the exception that tPA
dramatically increased intracranial hemorrhage (ICH). The tPA hypothesis was
contradicted by gene deletion findings in mice, which showed that fibrinolysis
required both tPA and urokinase plasminogen activator (uPA)and that uPA was
the dominant activator. Clot lysis studies confirmed the findings and showed tPA
and uPA to have complementary effects that functioned sequentially in fibrinolysis.
In combination, starting with tPA, their effects were synergistic. A sequential
combination was once tested in AMI, in which 101 patients were given a mini bolus
of tPA followed by a pro-UK infusion. This resulted in a six-fold lower mortality and
almost two-fold higher infarct artery patency rate than that in the best of the tPA
trials. Despite publication of the study in a prominent journal, the combination was
never retested, which is against standard practice which invariably repeats an
unusually successful treatment result to see whether or not it was a fluke, and
fibrinolysis with tPA remained the standard. With little evidence in support of this
long-standing practice, a paradigm shift is long overdue. By using the biological
complementary and synergistic properties of tPA and uPA in a sequential
combination, fibrinolytic therapy can be made more effective and safer. This was
already tested and validated in a clinical trial of AMI but its recognition and
utilization awaits the paradigm shift referred to by Thomas Kuhn.
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1. INTRODUCTION

Reimagining Fibrinolysis: Beyond the tPA Paradigm For three decades,
therapeutic fibrinolysis has been synonymous with tPA, heralded as the
cornerstone of clot dissolution in various thromboembolic disorders. However, this
dogma, rooted in the unverified assumption that tPA singularly orchestrates
fibrinolysis, is now being challenged by a burgeoning body of evidence. Initially
developed as a replacement for streptokinase (SK), a less specific activator, tPA
emerged as the preferred agent in the management of acute myocardial infarction
(AMI). Yet, comparative trials revealed comparable efficacy between tPA and SK,
with a notable caveat—tPA exhibited a concerning propensity for intracranial
hemorrhage (ICH), which can be explained by tPA’s fibrin-affinity which includes
hemostatic fibrin, resulting in bleeding complications. This paradoxical outcome
prompted a re-evaluation of the underlying mechanisms governing fibrinolysis.
Crucially, the traditional tPA-centric hypothesis was upended by seminal
discoveries in gene deletion studies conducted in murine models. Contrary to
prevailing beliefs, these investigations revealed that fibrinolysis is orchestrated by
a synergistic interplay between tPA and urokinase plasminogen activator (uPA),
with the latter assuming a dominant role. Subsequent clot lysis studies
corroborated these findings, elucidating the complementary and sequential actions
of tPA and uPA in the dissolution of fibrin clots. The transformative potential of this
paradigm shift was underscored by a landmark clinical trial in AMI, where a
sequential combination approach was tested. Administering a mini-bolus of tPA
followed by a prouPA infusion yielded unprecedented outcomes, including a
dramatic reduction in mortality rates and enhanced patency of infarcted arteries.
Despite the publication of these groundbreaking results in a prestigious journal,
the adoption of this innovative strategy remained stagnant, overshadowed by
entrenched adherence to the tPA monotherapy paradigm. Considering mounting
evidence challenging the efficacy and safety of conventional fibrinolytic practices,
the imperative for a paradigm shift in thrombolytic therapy is unequivocal. This
chapter embarks on a journey to explore the evolving landscape of fibrinolysis,
transcending the confines of the tPA paradigm and envisioning novel therapeutic
strategies grounded in a comprehensive understanding of the intricate molecular
mechanisms governing clot dissolution.

An observation that is particularly relevant to fibrinolysis was made by the science
philosopher Thomas Kuhn when he said “Science does not progress as a linear
accumulation of new knowledge, but undergoes periodic revolutions called
paradigm shifts” [1]. In the present context this “paradigm” refers to a long-standing
consensus about fibrinolysis that is so well-established that evidence inconsistent
with this theory and clinical practice is resisted. As a result, the lytic treatment of
vascular occlusive diseases has remained stagnant [2].

For example, tPA has now been used in AMI for thirty-two years and in ischemic
stroke, with less success, for twenty-two years. This practice has been based
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entirely on the hypothesis that tPA was solely responsible for biological fibrinolysis.
This concept remained untroubled by the results of tPA clinical trials which were
disappointing and inconsistent with the hypothesis. An alternative fibrinolytic
regimen was never tested and instead, the tPA experience caused fibrinolysis itself
to become discredited. As a result, fibrinolysis has been replaced by endovascular
procedures, like percutaneous coronary intervention (PCI), whenever possible and
PCI has become the treatment of choice in AMI [2].

At the same time, PCIl is technically demanding, limited in its availability, costly,
and time-consuming since hospitalization is required. Coronary reperfusion is
inevitably delayed by it which compromises salvage of tissue function and
reduction of mortality [3]. It has been shown that in AMI, each 30-minute delay in
reperfusion increases mortality by 7.5% [4]. To address this, pretreatment with tPA
was extensively tested but was abandoned when tPA was found to be incompatible
with PCl in that it increased the complication rate significantly [5,2].

Optimally rapid reperfusion can be achieved only with fibrinolysis, but for this
fibrinolysis must be made more effective, safer, and compatible with PCI.

2. tPA MONOTHERAPY DIFFERS FROM BIOLOGICAL
FIBRINOLYSIS

When tPA was first compared with SK, the non-specific activator that tPA was
developed to replace, the AMI mortality with tPA and with SK was unexpectedly
found to be identical [6]. A second trial gave the same results [7] and only in a third
trial was a small but significantly lower mortality found with tPA in one of four
groups [8,2]. In the three trials, a total of 95,740 AMI patients were studied to reach
this small difference, and a Bayesian statistical analysis concluded that no
difference between tPA and SK had been established [9]. Ironically, the only
significant difference was that tPA caused more ICH than SK. Instead of the tPA
hypothesis being put into question by these findings, it was concluded the results
showed that “differences between different fibrinolytic regimens are unlikely to be
large” [7,2].

By contrast to this tPA therapeutic experience, endogenous biological fibrinolysis
is more effective despite a tPA plasma concentration (10-12 ng/mL) that is one
thousand-fold lower, and where much of it is in an inactive complex with
plasminogen activator inhibitor-1 (PAI-1) [10]. Evidence of its efficacy comes from
the presence of the fibrin degradation product D-dimer which is present in the
plasma of even healthy individuals (112-250 ng/mL) [2].

Since D-dimer is about 60% of the fibrin monomer mass, this concentration
represents a steady state of fibrinolysis of about 1 mg of fibrin being degraded. In
the presence of thromboembolism, the D-dimer concentration increases as much
as 30-fold indicating fibrinolysis of a corresponding amount of fibrin [2].

This efficacy of endogenous fibrinolysis can be explained by it being due not to

tPA alone. There is now much evidence that a fibrinolytic regimen with a single
plasminogen activator is inadequate because it is incomplete.
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3. FIBRINOLYSIS REQUIRES BOTH tPA AND uPA

There are two plasminogen activators in blood, the second one being uPA. Since
most of it is carried on the surface of platelets [11] and monocytes [12] rather than
in plasma, uPA has often escaped detection. Furthermore, uPA has no fibrin
affinity but instead has a cell surface uPA receptor (UPAR) by which it facilitates
the induction of pericellular plasminogen activation in the extravascular space [13].
This led to the belief that uPA’s activity was limited to the extravascular space [14],
a belief that has persisted [15] and evidence to the contrary has generally been
dismissed.

This evidence includes tPA and uPA gene knockout studies which showed that
deleting tPA had no measurable effect on the lysis of an intravascular clot, whereas
deleting uPA did, and deleting both activators had a major effect [16,2]. Similarly,
uPA but not tPA deletion caused spontaneous fibrin deposition in the animals and
deleting both activators induced massive deposition [17]. The authors concluded
that intravascular fibrinolysis required both plasminogen activators [17,18].

4. ENDOGENOUS BIOLOGICAL FIBRINOLYSIS INVOLVES BOTH
ACTIVATORS

When a fibrin thrombus forms in a vessel, tPA is released, where it activates
proximal plasminogen bound to fibrin Aa157 [19]. Due to this ternary complex,
tPA’s plasminogen-activating activity is promoted 1,000-fold [20]. Any unbound
tPA is rapidly cleared from the plasma (T1/2~5 min) or inhibited by plasminogen
activator inhibitor (PAI-1) [2]. This serves the physiological function of protecting
hemostatic fibrin since this fibrin contains the same tPA and plasminogen binding
sites that make up the ternary complex, thereby making hemostatic fibrin
vulnerable to lysis. This is the mechanism principally responsible for the bleeding
complications associated with high dose tPA therapy [21,2], which should no
longer be used.

Since no second tPA fibrin-binding site has been identified, tPA’s fibrin-specific
plasminogen activation is limited to this site at which it initiates fibrinolysis. Fibrin
degradation then creates new plasminogen fibrin binding sites [22] that are two in
number [23]. The first of these is a triple carboxyl-terminal lysine binding site on
the E-domain of degraded fibrin, which induces a unique conformational change
in the plasminogen that binds there [2]. Against this conformation, the intrinsic
activity of the single-chain, proenzyme form of uPA, prouPA, is promoted about
250-fold enabling it to activate this plasminogen [24]. This is accompanied by
reciprocal activation of prouPA to two-chain uPA (tcuPA) [25] and tcuPA activates
the remaining plasminogen to complete fibrinolysis [2].

In this fibrinolytic design, the complementary modes of action of tPA and prouPA
[26] are again evident. tPA activates plasminogen on the fibrin D-domain which is
followed by prouPA activating plasminogen on the E-domain [2]. This finding was
verified by a kinetic study of plasminogen activation by these fibrin fragments.
Plasminogen activation by tPA was only promoted by fragment-D, whereas that by
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prouPA only by fibrin fragment-E [27]. When the activators were combined, their
fibrinolytic effect was synergistic [28,29], and this effect was additionally promoted
when tPA and prouPA were administered sequentially rather than simultaneously
[30]. This tPA, prouPA sequence mimics that of endogenous fibrinolysis [2].

The fibrin-domain specificity of the activators means that fibrinolysis by either tPA
or prouPA alone will require a dose high enough to induce non-fibrin-specific
plasminogen activation so that the other fibrin-bound plasminogen can be
activated. At these doses, bleeding side effects are significantly increased. Since
the single and two-chain forms of tPA have identical activities [31] and have only
a single fibrin binding site it has a single function. By contrast, uPA has a double
function, having both a proenzyme and an enzyme form [32,2].

5. A CLINICAL TEST OF A LOW-DOSE SEQUENTIAL
ADMINISTRATION OF tPA AND ProuPA

In a multicenter study of 101 patients with AMI fibrinolytic treatment was
administered with a mini-bolus of tPA followed by a prouPA infusion. The first 10
patients received a 10 mg bolus of tPA but this was found to be excessive so a 5
mg bolus (5% of the standard tPA dose) was administered in the remaining 91
patients. This was followed by an infusion of prouPA, 40 mg/h for 90 minutes (50
% of the monotherapy rate) [2]. A complete (TIMI-3) patency of the infarct artery
at 24 hours was obtained in 82% of the 28 patients re-catheterized, and the overall
mortality was 1% [33]. These results greatly surpassed those of the best of the tPA
clinical trials in which the TIMI-3 patency at 24h was 45% and the mortality was
6.3% [25,2].

Although these exceptional results were described in a prominent journal, a
second study with this combination was never done, and fibrinolysis with tPA
monotherapy was unaffected and remains the fibrinolytic regimen of choice.

A second study with 200 patients with ischemic stroke used the same treatment,
except the proUK infusion was shortened by 30 minutes for a total of 60 minutes
(40 mg/hr), which reduced efficacy, proving that a longer 90-minute infusion time
is needed for proUK to be fully effective [34].

6. CONCLUSIONS

Prompt reperfusion of a thrombus-blocked artery is essential for optimal salvage
of heart or brain function and mortality reduction. Fibrinolysis is the only way this
can be achieved rapidly. For thirty years fibrinolysis has meant tPA monotherapy
which is inadequately effective and prone to bleeding complications, causing
fibrinolysis to become discredited and replaced by a vascular procedure whenever
possible [2]. This inevitably delays reperfusion undermining its potential benefit.
By using the biological complementary and synergistic properties of tPA and uPA
in a sequential combination, fibrinolytic therapy can be made more effective and
free of bleeding complications. This was already tested and validated in a clinical
trial of AMI but its recognition and utilization awaits the paradigm shift referred to
by Thomas Kuhn [2].

39



Medical Research and Its Applications Vol. 8
Understanding Fibrinolysis Misconceptions: Developing Effective Therapeutic Strategies

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al technologies such as Large
Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have
been used during writing or editing of manuscripts.

COMPETING INTERESTS

Author has declared that no competing interests exist.

REFERENCES

1.

2.

10.

11.

12.

Kuhn TS. Revolutionary view of the history of science: the structure of
scientific revolutions. The Physics Teacher. 1967;172.

Gurewich. V. Fibrinolysis is Misunderstood which is Responsible for an
Unsuccessful Therapeutic Design. Archives of Cardiology and
Cardiovascular Diseases. 2019;2(1):08-12.

Brodie BR, Webb J, Cox DA for the EMERALD Investigators. Impact of time
to treatment on myocardial reperfusion and infarct size with primary
percutaneous coronary intervention for acute myocardial infarction. Am J
Cardiol. 2007;99:1680-1686.

DelLuca G, Ernst N, Zijlstra F, van’t Hof AWJ, Hoorntje JCA, Dambrink JHE,
Gosslink ATM, de Boer MJ, Surjapranata H. Preprocedural TIMI flow and
mortality in patients with acute myocardial infarction treated by primary
angioplasty. J Am Coll Cardiol. 2004;43:1363-1367.

Stone GW, Gersh BJ. Facilitated angioplasty: Paradise lost. Lancet.
2006;367:543-546.

Gruppo Italiano Per Lo Studio Della Soprav vivenza Nell’'Infarto Miocardico.
GISSI-2: A factorial randomised trial of alteplase versus streptokinase and
heparin versus no heparin among 12,490 patients with acute myocardial
infarction. Lancet. 1990;336:65-75.

ISIS-3 Third International Study of Infarct Survival Collaborative Group.
ISIS-3: A randomized comparison of streptokinase vs tissue plasminogen
activator vs anistreplase and of aspirin plus heparin vs aspirin alone among
41,299 cases of suspected acute myocardial infarction. Lancet. 1992;339:
65-71.

The GUSTO Investigators. An international randomized trial comparing four
thrombolytic strategies for acute myocardial infarction. N Eng J Med.
1993;329:673-682.

Brophy JM, Joseph L. Placing trials in context using Bayesian analysis.
GUSTO revisited by Reverend Bayes. JAMA. 1995;273:871-75.

Chandler WL, Jascur ML, Henderson PJ. Measurement of different forms
of tissue plasminogen activator in plasma. Clin Chem. 2000;46:38-46.
Vaughan DE, Vautloutle E, Collen D. Urokinase binds to platelets through
a specific saturable, low affinity mechanism. Fibrinolysis. 1990;4:141.
Grau E, Moroz LA. Fibrinolytic activity of normal human blood monocytes.
Thromb Res. 1989;53:145-62.

40



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Medical Research and Its Applications Vol. 8
Understanding Fibrinolysis Misconceptions: Developing Effective Therapeutic Strategies

Vassalli JD, Baccino D, Belin D: A cellular binding site for the Mr 55,000
form of the human plasminogen activator, urokinase. J Cell Biol.
1985;100:86-92.

Collen D. The plasminogen (fibrinolytic) system. Thromb Haemost.
1999;82:259-70.

Longstaff C, Kolev K. Basic mechanisms and regulation of fibrinolysis. J
Thromb Haemostas. 2015;13:598-S105.

Singh I, Burnand KG, Collins M, Luttun A, Collen D, Boelhouwer B, Smith
A. Failure of thrombus to resolve in urokinase-type plasminogen activator
gene-knockout mice: Rescue by normal bone marrow-derived cells.
Circulation. 2003;107:869-75.

Bugge TH, Flick MJ, Danton MJS, Daugherty CC, Rgmer J, Dang K,
Carmeliet P, Collen D, Degen JL. Urokinase-type plasminogen activator is
effective in fibrin clearance in the absence of its receptor or tissue-type
plasminogen activator. Proc Natl Acad Sci USA. 1996;93:5899-5904.
Medved L, Nieuwenhuizen W. Molecular mechanisms of initiation of
fibrinolysis by fibrin. Thromb Haemost. 2003;89:409-19.

Voskuilen M, Vermond A, Veeneman GH, van Boom JH, Klasen EA, Zegers
ND, Nieuwenhuizen W. Fibrinogen lysine residue Aa157 plays a crucial role
in the fibrin-induced acceleration of plasminogen activation, catalyzed by
tissue-type plasminogen activator. J Biol Chem. 1987;262: 5944-46.
Hoylaerts M, Rijken DC, Lijnen HR, Collen D. Kinetics of the activation of
plasminogen by human tissue plasminogen activator. Role of fibrin. J Biol
Chem. 1982;257:2912-19.

Marder VJ, Sherry S. Thrombolytic therapy: Current status. N Engl J Med.
1988;318:1512-1520.

Harpel PC, Chang TS, Verderber E. Tissue plasminogen activator and
urokinase mediate the binding of Glu-plasminogen to plasma fibrin I.
Evidence for new binding sites in plasmin-degraded fibrin I. J Biol Chem.
1985;260:4432-40.

Suenson E, Lutzen O, Thorsen S. Initial plasmin- degradation of fibrin as
the basis of a positive feed-back mechanism in fibrinolysis. Eur J Biochem.
1984;140:513-22.

Liu J, Gurewich V. Fragment E-2 from fibrin substantially enhances pro-
urokinase-induced glu-plasminogen activation. A kinetic study using a
plasmin-resistant mutant pro-urokinase (Ala- 158-rpro-UK). Biochemistry.
1992;31:6311-17.

Petersen LC. Kinetics of reciprocal pro- urokinase/plasminogen activation.
Stimulation by a template formed by the urokinase receptor bound to poly
(D-lysine). Eur J Biochem. 1997;245:316-23.

Pannell R, Black J, Gurewich V. Thecomplementary modes of action of
tissue plasminogen activator (t-PA) and pro-urokinase (pro-UK) by which
their synergistic effect on clot lysis may be explained. J Clin Invest.
1988;81:853-59.

Liu J, Gurewich V. A comparative study of the promotion of tissue
plasminogen activator and pro-urokinase-induced plasminogen activation
by fragments D and E-2 of fibrin. J Clin Invest. 1991;88:2012-17.

41



28.

29.

30.

31.

32.

33.

34.

Medical Research and Its Applications Vol. 8
Understanding Fibrinolysis Misconceptions: Developing Effective Therapeutic Strategies

Collen D, Stassen JM, Stump DC, Verstraete M. Synergism of thrombolytic
agents in vivo. Circulation, 1986;74:838-842.

Gurewich V, Pannell R. Synergism of tissue-type plasminogen activator (t-
PA) and single-chain urokinase-type plasminogen activator (scu-PA) on clot
lysis in vitro and a mechanism for this effect. Thromb Hemost. 1987;57:372-
78.

Pannell R, Li S, Gurewich V. Highly effective fibrinolysis by a sequential
synergistic combination of mini-dose tPA plus low-dose mutant proUK.
PLOS One. 2015;10:1-15.

Rijken DC, Hoylaerts M, Collen D. Fibrinolytic properties of one-chain and
two-chain human extrinsic (tissue-type) plasminogen activator. J Biol
Chem. 1982;257:2920-25.

Pannell R, Gurewich V. A comparison of the rates of clot lysis in a plasma
milieu induced by tissue plasminogen activator (t-PA) and rec-prourokinase:
EVIDENCE that t-PA has a more restricted mode of action. Fibrinolysis.
1992;6:1-5.

Zarich SW, Kowalchuk GJ, Weaver WD, Loscalzo J, Sassower M, Manzo
K, Byrnes C, Muller JE, Gurewich V for the PATENT Study Group.
Sequentialcombinationthrombolytictherapy for acute myocardial infarction:
results of the pro-urokinase and t-PA enhancement of thrombolysis
(PATENT) trial. J Am Coll Cardio. 1995;26:374-79.

van der Ende, Nadinda A M, et al. Dual thrombolytic therapy with mutant
pro-urokinase and small bolus alteplase for ischemic stroke (DUMAS):
study protocol for a multicenter randomized controlled phase |l trial. Trials.
9 Aug. 2022;23(1641).

DOI: 10.1186/s13063-022-06596-z

42



Medical Research and Its Applications Vol. 8
Understanding Fibrinolysis Misconceptions: Developing Effective Therapeutic Strategies

Biography of author(s)

Victor Gurewich
Vascular Research Laboratory, Mount Auburn Hospital, Cambridge, Harvard Medical School, USA.

Research and Academic Experience: He is a Professor of Medicine.
Research Specialization: His area of research mainly focuses on Fibrinolysis.
Number of Published papers: He has published 145 articles in several reputed journals.

Any other remarkable point(s): He discovered prouPA in 1981.

© Copyright (2024): Author(s). The licensee is the publisher (B P International).

DISCLAIMER
This chapter is an extended version of the article published by the same author(s) in the following journal.
Archives of Cardiology and Cardiovascular Diseases, 2(1): 08-12, 2019. DOI: 10.22259/2638-4744.0201002

Peer-Review History:

This chapter was reviewed by following the Advanced Open Peer Review policy. This chapter was thoroughly checked to
prevent plagiarism. As per editorial policy, a minimum of two peer-reviewers reviewed the manuscript. After review and
revision of the manuscript, the Book Editor approved the manuscript for final publication. Peer review comments, comments
of the editor(s), etc. are available here: https://peerreviewarchive.com/review-history/768

43


https://peerreviewarchive.com/review-history/768

Chapter 4

Print ISBN: 978-81-975566-2-3, eBook ISBN: 978-81-975566-5-4

Ocular Abnormalities in Parkinsonism: A
Clinical Study

Jasmine Kalyani #, S. Saravanan @, Jason Ambrose 2
and Ravi, Shankaranarayanan 2

DOI: https://doi.org/10.9734/bpi/mria/v8/319

Peer-Review History:

This chapter was reviewed by following the Advanced Open Peer Review policy. This chapter was thoroughly checked to
prevent plagiarism. As per editorial policy, a minimum of two peer-reviewers reviewed the manuscript. After review and
revision of the manuscript, the Book Editor approved the manuscript for final publication. Peer review comments,
comments of the editor(s), etc. are available here: https://peerreviewarchive.com/review-history/319

ABSTRACT

This clinical study has been carried out with the purpose of providing an overview
of eye movement abnormalities in Parkinson's disease. The eye is a biological
camera that has been endowed with us, and while tracking ocular movement is a
simple activity, it offers valuable insights into the diagnosis of Parkinson's
disease. While many of the abnormalities are generic, some are quite specific,
such as progressive supranuclear palsy or oculogyric crisis in post-encephalitic
Parkinson's disease. The eye symptoms of parkinsonism are vague. Retina
contains dopamine, hence ocular symptoms like astenopia are common in PD.
In the neurology outpatient department, a cohort of 100 patients diagnosed with
Parkinson's disease and Parkinson's plus syndromes were meticulously
examined. Demographic details, detained history, ocular signs and symptoms,
ocular deviation, visual acuity, diagnosis, and management aspects are extracted
from the medical records. Visual acuity by Snellen values. Ocular deviations
were measured by prism cover test and ocular motility was carried out to
evaluate the gaze limitation. A diagnosis of Cl was made if the near point of
convergence (NPC) value was larger than 10cm. Saccade and pursuit scores
evaluated using the Northeastern State College of Optometry method were used
to determine if they had lower than age-expected norms. Color vision was
assessed using Ishihara pseudo isochromatic plates. Reading speed was
measured in words per minute (WPM) based on reading a simple paragraph in
an English magazine for a minute. The developmental eye movement (DEM) rate
was calculated based on the time taken for the vertical and horizontal tasks on
the DEM test. The protocol of eye movement examination was followed. The
study highlights the significant burden of ophthalmologic symptoms in PD and
emphasizes the importance of addressing these symptoms in the management
of the disease. The Parkinsonian group of illnesses is distinct in that most of the
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time, eye movements are disturbed, providing us with important diagnostic
information. The most commonly impacted are smooth pursuit fixations and
saccades.

Keywords: Parkinsonian disorders; ocular movement’ retina; asthenopia.
1. INTRODUCTION

The eye is a biological marvel, akin to a sophisticated camera bestowed upon us
by nature. Ocular movement, though seemingly effortless, yields invaluable
insights crucial for the diagnosis of Parkinsonian disorders [1-6]. Certain
anomalies in ocular behavior exhibit striking hallmarks of specific ailments, such
as progressive supranuclear palsy or oculogyric crisis in postencephalitic
Parkinson's, while others remain nonspecific [7-14]. The manifestations of
Parkinsonism concerning the eye often lack specificity. Notably, the retina
houses dopamine, rendering ocular symptoms like asthenopia prevalent in
Parkinson's disease [15-22].

This study has been done with the purpose of providing an overview of eye
movement abnormalities in parkinsonism.

2. MATERIALS AND METHODS

In the neurology outpatient department, a cohort of 100 patients diagnosed with
Parkinson's disease and Parkinson's plus syndromes were meticulously
examined. Comprehensive data encompassing demographic particulars,
exhaustive medical history, ocular manifestations, including signs and symptoms,
ocular misalignment, and visual acuity determined by Snellen values, as well as
diagnostic and therapeutic strategies, were meticulously extracted from their
medical records. The ocular deviation was precisely quantified utilizing the prism
cover test, while ocular motility assessments were conducted to discern any
limitations in gaze mobility. Diagnosis of convergence insufficiency (Cl) was
established if the near point of convergence (NPC) exceeded 10 cm. Saccade
and pursuit capabilities were scrutinized employing the Northeastern State
University College of Optometry method, comparing scores against age-specific
norms. Color vision proficiency was evaluated by employing Ishihara
pseudoisochromatic plates. Reading speed, gauged in words per minute (wpm),
was determined by reading a standardized paragraph from an English magazine
over a minute. Furthermore, the developmental eye movement (DEM) rate was
computed based on the duration required to complete vertical and horizontal
tasks in the DEM test. The protocol of eye movement examination was followed.

In conclusion, Parkinsonian disorders represent a distinctive category where
ocular movement impairment often provides a pivotal diagnostic clue. Among
these disorders, saccades, smooth pursuit, and fixation are frequently affected.
Asthenopia, characterized by decreased vision associated with reading
difficulties, emerged as a prevalent issue among Parkinson's disease (PD)
patients. Notably, vertical gaze restriction surpassed horizontal limitations in
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occurrence. Convergence insufficiency (Cl) stood out as the most prevalent
binocular vision dysfunction, followed by CI coupled with oculomotor dysfunction
and vertical gaze palsy. For select patients, corrective interventions such as
ground prisms and home vision therapy were recommended to ameliorate their
ocular impairments.

The extrapyramidal system represents a functional construct within the nervous
system, serving as a neural framework intricately involved in motor regulation.
Predominantly governed by the basal ganglia, this system extends its influence
over motor control processes. Beyond its role in orchestrating voluntary
movements, the basal ganglia boast limbic connections, thus entwining
emotional dimensions with motor function. Additionally, these structures forge
connections with the oculomotor system, exerting a modulatory influence over
eye movements—an aspect under scrutiny in this study. The anatomical
substrates governing vertical and horizontal saccades are depicted in the
accompanying illustration, highlighting the brainstem's excitatory burst neurons
and neural integrators responsible for these ocular motions. Furthermore, the
illustration provides insights into various disorders that impact these neural
structures, underscoring the intricate interplay between neurological anatomy
and ocular function.
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Fig. 1. This figure illustrates the brainstem excitatory burst neurons and
neural integrators for horizontal and vertical saccades and examples of
disorders affecting these structures

1. Horizontal saccades are governed by excitatory burst neurons situated
within the paramedian pontine reticular formation (PPRF) located in the
pons.

2. The medial vestibular nucleus/nucleus prepositus hypoglossi (MVN/NPH)
in the medulla acts as the neural integrator for horizontal eye movements.
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3. Vertical saccades, on the other hand, are orchestrated by excitatory burst
neurons primarily found in the rostral interstitial nucleus of the medial
longitudinal fasciculus (RIMLF) within the midbrain. The interstitial nucleus
of Cajal (INC) serves as the neural integrator for vertical eye movements,
also situated in the midbrain.

4. The nucleus raphe interpositus (RIP) located in the pons houses the
omnipause neurons crucial for regulating eye movements. It's noteworthy
that lesions affecting horizontal eye movement control may not directly
involve the MVN/NPH but could instead disrupt the cerebellar feedback
circuitry to these structures.

Abbreviations: PSP (progressive supranuclear palsy), NPC (Niemann-Pick type
C), SCA2 (spinocerebellar ataxia type 2), OMAS (opsoclonus-myoclonus ataxia
syndrome), MSA (multiple system atrophy), RIMLF (rostral interstitial nucleus of
the medial longitudinal fasciculus), INC (interstitial nucleus of Cajal), PPRF
(paramedian pontine reticular formation), RIP (nucleus raphe interpositus),
MVN/NPH (medial vestibular nucleus/nucleus prepositus hypoglossi) [23-29].

5. The direct loop operates through an excitatory mechanism, while the
indirect loop functions via inhibition.

6. The direct pathway, mediated by D1 receptors, facilitates movement by
promoting cortical excitation.

7. Conversely, the indirect pathway, governed by D2 receptors, inhibits
movement.

In the direct pathway, the motor cortex dispatches glutaminergic activating
signals to the caudate and putamen, stimulating D1 receptors. Fibers from the
striatum to the globus pallidus interna (GPi) and superficial zona reticulata (SNr)
are inhibitory. Additionally, fibers from GPi to the thalamus exert an inhibitory
effect. During rest, GPi/SNr inhibits the thalamus and cortex [30].

Activation of the direct pathway suppresses GPIi/SNr activity. Consequently,
projections from the striatum to GPi counteract the inhibitory pallidothalamic
pathway, leading to cortical excitation and facilitation.

In the indirect pathway, the motor cortex stimulates D2 receptors in the caudate
and putamen. Striatopallidal fibers then inhibit the external segment of the globus
pallidus (GPe), reducing its resting activity. GPe sends inhibitory GABAergic
fibers to the subthalamic nucleus (STN) via the subthalamic fasciculus. The STN,
in turn, projects excitatory glutaminergic fibers to GPi.

Indirect pathway activity diminishes STN inhibition. Consequently, STN enhances
the inhibitory projections of GPi to the thalamus, leading to reduced
thalamocortical pathway activity. The indirect loop hampers thalamic projections
to the cortex by augmenting inhibition through the pallidothalamic projection.
Thus, indirect loop activity prevents the activation of motor cortical areas that
could interfere with voluntary movement executed by the direct pathway [30].
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In summary, activity in the direct loop augments cortical excitation, whereas
activity in the indirect loop results in a net decrease.

Fig. 3. Indirect pathway of the basal ganglia
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2.1 Saccadic Pathway

Rapid changes in orbital eye position are by a saccadic system at a peak velocity
of 400 degrees/second. Described according to latency, amplitude, velocity and
gain this is tested.

In the absence of saccadic activity, excitatory burst neurons are under inhibition
by omnipause neurons. Saccadic pulse initiation occurs when the burst neuron is
liberated from its tonic inhibition [31-35]. Horizontal saccades are initiated by the
firing of excitatory burst neurons located in the paramedian pontine reticular
formation (PPRF) in the pons and the rostral interstitial nucleus (RIMLF) of the
medial longitudinal fasciculus in the midbrain for vertical saccades [30]. Once the
eyes reach the new position, step command maintains them at the new level of
tonic firing of responsible neurons, which are the medial vestibular nucleus
(MVN) and nucleus prepositus hypoglossi (NPH) in the medulla, and the
interstitial nucleus of Cajal (INC) for horizontal and vertical saccades,
respectively [30]. Higher-level structures such as the frontal and parietal lobes,
as well as the substantia nigra reticulata and superior colliculi, also contribute
significantly to saccade generation. The most rapid changes in orbital eye
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position are achieved through saccades at velocities of up to 400 degrees per
second [30].
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Fig. 5. (a,b) Rapid changes in orbital eye position are by saccadic system at
a peak velocity of 400 degree/second. Described according to latency,
amplitude, velocity and gain
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Fig. 6. Saccades:Initiation of a saccade requires a “pulse” of increased
firing of excitatory burst neurons in the brainstem that results in a high-
frequency burst of phasic activity in agonist extraocular muscles
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Saccades can be tested in various ways:

e Voluntary saccades by instructing the patient to look to both sides.

e Visually reflex saccades by presenting a visual stimulus in one half of the
visual field.

e Auditory reflex saccades by asking the patient to look toward a sound on
either side.

e Abruptly suppressing visual fixation in one hemifield, shifting vision in
response to a stimulus presented in another field.

Different types of saccades include:

e Spontaneous saccades, which occur without a specific goal during other
motor activities such as speech, rest, or sleep.

e Excessive spontaneous saccades, which can impact visual fixation and
occur in conditions like opsoclonus.

e Reflexive saccades, which are externally driven by the sudden
appearance of a visual target or a sudden noise.

e Volitional saccades, which are internally triggered and have a specific goal
or intentional purpose but can be influenced by external stimuli.

Smooth pursuit eye movements (SPEMSs) allow us to track slowly moving visual
objects. These movements aim to minimize the error between the image of an
object of interest and the retinal area of high-acuity vision, the fovea. Cortical
areas such as the medial superior temporal area (MST) and the pursuit area of
the frontal eye fields (FEFs) play crucial roles in smooth pursuit and are involved
in dynamic gain control, regulating the feedforward gain of the pursuit system
based on tracking velocity. Additionally, the thalamus contributes to the control
and monitoring of eye movements during smooth pursuit by conveying eye-
velocity-related signals to cortical areas [36-39].

In Parkinsonian disorders, ocular signs can be indicative of specific conditions.
For example, in progressive supranuclear palsy (PSP), hallmark ocular signs
include supranuclear vertical gaze palsy, square wave jerks, slow saccades,
eyelid apraxia, and blurred vision. These signs can help distinguish PSP from
other neurodegenerative disorders. Similarly, multiple system atrophy (MSA) can
present with ocular symptoms such as diplopia, ptosis, saccadic eye movement
abnormalities, blepharospasm, and reduced blink rate. These ocular
manifestations contribute to the clinical characterization and diagnosis of
Parkinsonian disorders

3. METHODOLOGY

Eye movement examination protocols are crucial for assessing various aspects
of ocular function. Here's an overview of a typical protocol:
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1. Extent of Range of Ocular Movement: Assess the range of movement in
both horizontal and vertical planes.

2. Fixation Stability: Evaluate fixation stability in central and eccentric gaze,
looking for nystagmus or saccades that intrude on fixation.

3. Saccades: Test horizontal and vertical saccades, which are rapid eye
movements used to shift gaze between different targets.

4. Moving Target: Assess eye movements while tracking a moving target,
both horizontally and vertically.

5. Optokinetic Nystagmus: Evaluate the involuntary eye movements
elicited by a moving visual stimulus.

6. Ocular Alignment and Vergence Responses: Examine ocular alignment
during fixation of a distant target and assess vergence responses to
smooth or stepping motion of a target aligned in the patient's sagittal
plane.

7. Vestibular Ocular Reflex: Test the reflex that stabilizes the eyes during
head movements to maintain visual fixation on a target.

The NSUCO Oculomotor Test is a specific assessment tool designed to evaluate
the quality of both saccadic and pursuit eye movements. It requires minimal
patient cooperation and can be completed in under two minutes. The test
involves the use of small colored, reflective spheres or animated toy targets
mounted on dowel sticks. The patient's eye movements are observed and scored
based on several factors, including ability, accuracy, head movement, and body
movement.

IDENTIFIED VARIABLES OF REVIEWED OCULOMOTOR TESTS
[. POSTURE (Standing, Seated)
2. HEAD MOVEMENT (Instructions fo the patient)
3, TARGET CHARACTERISTICS AND DIMENSIONS
4. MOVEMENT OF THE TARGET
A, Direction
B. Limits of excursion
5. TEST DISTANCE FROM PATIENT
6. OCULAR CONDITION (Monocular, Biocular, Binocular)
7. AGE OF THE PATIENT
8. INSTRUCTIONS
9. OBSERVATIONS
10. SCORING METHODS

VIPD-Q (41)

Fig. 7. Identified variables of reviewed oculomotor tests

52



Medical Research and Its Applications Vol. 8
Ocular Abnormalities in Parkinsonism: A Clinical Study

Outcome Ophthalmological Assessment
Subjective ophthalmological
assessment

Visual acuity ETDRS logMAR

Reading speed, near visual acuity Radner Reading Chart

Visual fields Humphrey field analyser 30-2,
Amsler grid

Contrast vision Low-contrast letter charts

(Pelli-Robson),

Colour vision Ishihara plates/Farsworth Munsell
hue test (desaturated 15D)

Ocular motility Eye follow movements, Cover test
30cm and 6 m, Prism test

(15 diopter), Eye-Tracking
Faclal emotion recognition Emotion Recognition Inventory (ERI)

Visual function VFQ-25, Visual impairment screening
questionnaire

Objective ophthalmological

assessment
Lens opacity Slit lamp examination
Fundus appearance Color Fundusphotography (7-fields)
Corneal thickness Pachymetry
Intraocular pressure (Goldmann) tonometry
Tear production Schirmer's test,

TearFiimBreakUpTime, eye blink rate

Anatomical changes of the retina  Spectral-domain OCT (Heidelberg)
including thickness

Retinal micro vascular changes Angio-OCT (Heidelberg)

Outcome Neurological assessment

PD-related disability and MDS-UPDRS, Schwab & England

impairment activities of Daily living, NMSS,
PDQ-39.

Gait and Balance Timed Up and Go test, Single Leg

Stance test, Gait Speed
(4 m walking), Dual tasking,
Freezing of Gait, Tandem gait

Hand-eye coordination 9 Hole Peghoard test
Cognitive function MoCA, CLOX
Mood GDS

y List of study protocol assessments, divided in ophthalmological and
neurological assessment

Abbreviations: EDTRS Early Treatment of Diabetic Retinopathy Study, D diopter,
OCT optical coherence tomography, NMSS non-motor symptoms assessment
scale, PDQ-39 Parkinson’s Disease Questionnaire, MoCA , Montreal
Cognitive Assessment, CLOX, clock drawing test , GDS, Geriatric depression

Fig. 8. List of study protocol assessments
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Table 1. Inclusion and Exclusion Criteria’s

Inclusion Criteria

Exclusion Criteria

Diagnosis of PD according to
UKPDSBB criteria

Hoehn and Yahr Parkinson’s staging
score > 4

The patient must be able and willing
to give written
Informed consent

Secondary cause of parkinsonism as
detected by history (e.g. drug induced
parkinsonism)

The patient must be willing to
participate in all study related
activities and visits

Secondary cause of parkinsonism as
detected by investigation (e.g. vascular
parkinsonism as detected by
neuroimaging)

Age of onset of Parkinson’s disease
> 30 years

Dementia according to DSM-IV

Stable doses of Parkinson’s
medicine > 4 weeks

Major depressive disorder according to
DSM-IV

Current age > 60 years

Psychotic disorder(s) according to
DSM-1V

Prior brain surgery (except deep brain
simulation)

Previous eye surgery (except
phacoemulsification for cataracts and
artificial lenses)

Blindness in 1 eye

Medication that influences normal visual
function other than PD medication

Systemic diseases that may cause eye
problems (HIV, DM type I, type Il if the
patient had ophthalmologic therapy and
/ or abnormalities at last screening)

Neurodegenerative diseases other than
Parkinson’s disease

History of lesions near the optic chiasm
or occipital cortex

Migraine

Scoring involves qualitative and quantitative assessments, with qualitative
aspects including head and body movement during pursuits and saccades, as
well as the accuracy of saccades. Quantitative aspects involve counting the
number of rotations made during pursuits, successful round trips during
saccades, and the accuracy of pursuits. Scoring is based on a five-point scale,
with higher scores indicating better performance. Additionally, saccadic ability is
assessed by counting the number of successful round trips completed before

total loss of attention is observed.

This comprehensive protocol provides valuable insights into various aspects of
ocular function, aiding in the diagnosis and management of eye movement
disorders.
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The correlation between the ophthalmologic symptoms reported in the VIPD-Q
and actual ophthalmologic diseases has not yet been established and this will be
the objective of future research.

Here are the summarized results of the eye movement examination:

1. Gaze Limitation

Total patients with gaze limitation: 32 out of 43.

Limitation in both vertical and horizontal gazes: 7 patients.
Limitation in vertical gaze only: 18 patients.

Limitation in horizontal gaze only: 5 patients.

2. Binocular Vision Dysfunctions:

e Convergence insufficiency: 15 patients.

e Convergence insufficiency combined with oculomotor dysfunction: 6
patients.

e Convergence insufficiency combined with oculomotor dysfunction and
vertical gaze palsy: 4 patients.

e Intermittent divergent squint (Convergence insufficiency type): 2 patients.
e Divergence insufficiency: 1 patient.
e Fusional vergence dysfunction: 1 patient.

3. Color Discrimination Issues

Correct reading in all Ishihara color plates in both eyes: 24 patients.

Unable to correctly identify all Ishihara color plates in both eyes: 2
patients.

e Unable to correctly identify all Ishihara color plates in the right eye only: 2
patients.

4. Reading Speed (measured in words per minute):

e Mean = SD: 86.6 £ 40 wpm.
e Median: 93 wpm.
e Range: 26-170 wpm.

5. Developmental Eye Movement Test (DEM) Ratio:

e Mean+£SD: 1.18 £ 0.40.
e Median: 1.22.
e Range: 0.46-1.67.
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These results provide valuable information regarding various aspects of ocular
function, including gaze limitation, binocular vision dysfunctions, color
discrimination issues, reading speed, and developmental eye movement test
ratio. They can aid in diagnosing and managing eye movement disorders and
assessing overall visual health.

3.1 Gaze Limitation (N=43)
Patients with gaze limitation: 32patients limitation in both vertical and horizontal

gazes: 7patients limitation in vertical gaze: 18patients limitation in horizontal
gaze: 5 patients

Both vertical
and
horizontal

gazes

7 patients

Fig. 9. Gaze limitations
Binocular vision dysfunctions (n=27) Convergence insufficiency: 15 patients
Convergence insufficiency combined with oculomotor dysfunction: 6 patients
Convergence insufficiency combined with oculomotor dysfunction and vertical
gaze palsy: 4 patients

Intermittent divergent squint: Convergence insufficiency type: 2 patients
Divergence insufficiency: 1 patient

Fusional vergence dysfunction: 1 patient (41) Color discrimination issues (n=28)

(i) Correctreading in all the Ishihara color plates in both eyes: 24 patients
(i) Unable to correctly identify all Ishihara color plates in both eyes: 2 patients
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(i) Unable to correctly identify all Ishihara color plates in right eye only: 2
patients

15 patients » Convergence insufficiency

* Convergence insufficiency
combined with oculomotor

6 patients dysfunctionConvergence
insufficiency combined with
oculomotor dysfunction

» Convergence insufficiency combined
4 patients with oculomotor dysfunction and
vertical gaze palsy

Fig. 10. Different convergence insufficiency

Ca

§2) -« Correct §2] - Unable to §2] - Unable to
=) reading in =) correctly = correctly
8] allthe 8] identify all #]  identify all
v Ishihara © BRELELE] ] Ishihara

o] color plates o} color plates i8] color plates
i-@ in both [«'} in both a¥] inright eye
AN eyes only

eyes

Fig. 11. Colour discrimination issues

Reading speed (measured using English text) (n=17) Mean+SD: 86.6+40 wpm
Median: 93 wpm Range: 26-170 wpm Developmental eye movement test (DEM)
ratio (n=6)Mean+SD: 1.18+0.40Median: 1.22Range: 0.46-1.67.

Parkinsonian disorders, particularly Parkinson's disease, manifest various eye
movement abnormalities, contributing to visual disturbances and other
symptoms. Here's a summary of these abnormalities:

1. Disruption of Fixation by Square Wave Jerks: Present in 12% of

patients, characterized by brief, rapid deviations of the eyes away from the
target followed by a return to fixation.
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Hypometric Saccades: Observed in 9% of patients, involving
insufficiently large eye movements when shifting gaze between targets.
Impaired Smooth Pursuit (especially Initiation): Noted in 4% of
patients, resulting in difficulty smoothly tracking moving objects,
particularly during the initiation of pursuit.

Increased Errors in Antisaccades: Seen in 6% of patients, indicating
difficulty suppressing reflexive saccades and generating voluntary
saccades in the opposite direction.

Oculogyric Crisis: Occurs in 2% of patients, characterized by sustained,
upward deviation of the eyes often accompanied by other dystonic
movements.

Lid Lag: Present in 3% of patients, characterized by delayed upward
movement of the eyelids during eye closure.

Slow Vertical Saccades: Noted in 43% of patients, involving slow eye
movements when shifting gaze vertically.

Slow and Hypometric Horizontal Saccades: Observed in 7% of
patients, indicating slow and insufficiently large eye movements when
shifting gaze horizontally.

Disruption of Fixation by Horizontal Saccadic Intrusions: Seen in 7%
of patients, involving unwanted horizontal eye movements during
attempted fixation.

Impaired Smooth Pursuit (both Horizontal and Vertical): Present in 6%
of patients, indicating difficulty smoothly tracking moving objects in both
horizontal and vertical planes.

Preservation of Slow Phase of VOR (Vestibulo-Ocular Reflex):
Observed in 6% of patients, where the slow phase of vestibular eye
movements remains intact while the fast phase is lost.

Horizontal Dysconjugacy Indicating INO (Internuclear
Ophthalmoplegia): Seen in 3% of patients, characterized by impaired
coordination of horizontal eye movements due to lesions affecting the
medial longitudinal fasciculus.

Loss of All Eye Movements (Vestibular Movements Disappear Last):
Rare, occurring in 0% of patients, indicating severe impairment of all eye
movements, with vestibular movements typically being the last to
disappear.

Apraxia of Eyelid Opening, Lid Lag, Blepharospasm, Positive
Meyerson's Light Reflex: Present in 4% of cases, involving various
abnormalities related to eyelid movement and reflexes.

Impaired Initiation of Voluntary Saccade (Prolonged Latency,
Blink/Head Turn): Noted in 4% of patients, indicating delays or difficulties
in initiating voluntary eye movements.

These abnormalities contribute to a range of visual symptoms experienced by
Parkinsonian patients, including double vision, dry eyes, blurry vision, trouble
reading, sensitivity to light, soreness, stinging, itching, redness, contrast vision
problems, asthenopia, and visual hallucinations. Understanding and addressing
these eye movement abnormalities are essential for managing visual symptoms
and improving the quality of life for patients with Parkinsonian disorders.
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Parkinsons Disease:

Disruption of fixation by square wave jerks in 12%
Hypometric saccades in patients 9%
Impaired smooth pursuit {esp. Initiation} in 4%
Increased errors in antisaccades in 6%
Oculogyric crisis in 2%
Lid lag in 3%
Slow vertical saccadesin 43%
Slow and hypometric horizontal saccades in 7%
Disruption of fixation by horizontal saccadic intrusions in 7%
Impaired smooth pursuit both horizontal and vertical in 6%
Preservation of slow phase of vor{fast phase lost} in 6%
Horizontal dysconjugacy indicating ino in 3%
Loss of all eye movements{vestibular movements dissappears 0%
last) in

Apraxia of eyelid opening ,lid lag blepharospasm, positive 4%
meyersonslight reflex)

Impaired initiation of voluntary saccade{prolonged latency, 4%

blink/head turn)Supranuclear in

Fig. 12. Eye movement abnormalities in parkinsonian disorders

Symptoms

Double Vision 34%
Dry eye 70%
Blurry vision 36%
Trouble reading 27%
Trouble voluntarily opening the eyes 8%

Fig. 13. Symptoms

SYMPTOMS:

e Double vision in 34% of patients.

e Dry eye is seenin 70% due to decreased blinking OR Watery eyes was
found in 49% of patients.

e  Blurry vision in 36% of patients can also be caused by PD medication,
especially anticholinergics (such as trihexyphenidyl}

e Trouble reading in 27 %can occur because the eye movements necessary
to follow the lines of a page are slowed and have trouble starting (similar
to gait freezing in the legs). Try blinking to change eye position. Levodopa
can often help.

e Trouble voluntarily opening the eyes, known as apraxia. In 8% of cases

Treatments include "lid crutches" or botulinum toxin injections

»  Sensitivity to light in 34 % of cases
» Soreness in 60% of cases
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» Stinging in 24% of cases
» ltching in 70% of cases
» Redness in 37% of cases.

| Semsitviytolghtsa%

Soreness 60%
Stinging 24%
ltching 70%

Redness 37%

Fig. 14. Treatments of botulinum toxin injections

Dry eyes can also result in a condition called blepharitis in 12%. This is when the
edges of the eyelid become swollen and itchy.

Contrast sensitivity is the ability to distinguish an object from its background
ASTHENOPIA is seen in 35% of patients

Common symptoms include low vision when driving in the dark or decreased
attention span when reading texts on a colored background.

This may be due to a depletion in dopamine levels in the retina of the eyes.

with PD

Blepharospasm: "Blepharo" refers to the eyelid, and "spasm" is defined as an

Fig. 15. Results of this study
4. DISCUSSION

Discussion provides valuable insights into the ophthalmologic symptoms
experienced by patients with Parkinson's disease (PD) and their impact on daily
life. Dry eyes were identified as the most common ocular surface disorder,
affecting 70% of patients. This condition can lead to decreased vision and
reading difficulties, possibly due to a lower blink rate causing instability of the tear
film. Interestingly, dry eyes may paradoxically result in excessive blinking, watery
eyes, and blepharospasm.
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Visual hallucinations were reported in 70% of patients, with potential
contributions from both the disease process itself and its treatment. Other
symptoms such as asthenopia (ocular fatigue) and reading difficulty were
prevalent, indicating the need for comprehensive binocular vision assessments in
PD patients.

The study highlighted a higher occurrence of visual complaints compared to
previous research, suggesting a significant negative impact on daily activities and
quality of life. Diplopia (double vision) was found to be more common than
previously reported, possibly stemming from deficits in oculomotor pathways and
cortical involvement in PD.

The data underscored the importance of proactive assessment and management
of visual complaints in PD patients, with 90% expressing at least one complaint
potentially amenable to optometric intervention. Factors contributing to reduced
visual acuity in PD include dopamine depletion, cortical dysfunction, and physical
debilitation.

Ophthalmologic symptoms, including those affecting intraocular and optic nerve
domains, were twice as frequent in PD patients compared to controls. While
cataract formation was a common cause, the study suggested that PD
itself may contribute to these symptoms, possibly through a-synuclein
accumulation.

Efforts to address ophthalmologic symptoms in PD patients are crucial, both in
research and clinical practice. Screening questionnaires such as the VIPD-Q can
aid in identifying symptoms that patients may not spontaneously report. Timely
referral and treatment, including the use of eyedrops for dry eyes and
noninvasive interventions for other ocular surface disorders, are essential for
improving the quality of life of PD patients.

In conclusion, the study highlights the significant burden of ophthalmologic
symptoms in PD and emphasizes the importance of addressing these symptoms
in the management of the disease. Additionally, ongoing efforts in disease-
modifying therapies, including gene therapy and adjunct therapies like vagus
nerve stimulation, offer hope for improving outcomes in PD management.

5. CONCLUSION

Nevertheless, the high prevalence of ophthalmologic symptoms and their effect
on daily life is striking and emphasis the need to address this subject in both
research and clinical practices. Efforts to change the course of management of
PD to disease-modifying therapies have been going on for a few decades.
Among these, gene therapy is a prominent therapy.VNS is used as an
adjustment therapy in PD.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Author(s) hereby declare that NO generative Al technologies such as Large
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ABSTRACT

Famous researchers have long recognized the connection between vibration,
energy, and information.

Albert Einstein and Max Plank in particular classified all energy transfers as
oscillations. With the current findings on endothelial mechano-transduction, we
can come closer to understanding the complex regulation of vital functions of life
by mechanical forces. The undisturbed course of essential functions such as
growth, blood pressure regulation, inflammatory sequence, and embryogenesis is
bound to the absence of externally transmittable forces and endothelial integrity.
The recognition of various endothelial cell structures as mechano-sensors is
simultaneously important for understanding vital regulations. The endothelial cell
itself, which corresponds to a viscoelastic “tensegrity model’, is a mechano-sensor
that adapts beat to beat to the current conditions in the blood flow in alignment with
the effect of various physical forces.

Numerous endothelial mechano-sensors are identified, whereby the conserved
structures of PIEZO channels for all organisms - from bacteria to mammals - have
an outstandingly important role in numerous life processes, the decoding of which
is still far from complete.

The present knowledge sheds new light on the importance of low frequencies. The
endothelial cytoskeleton identified now as a low-pass filter, offers the possibility for
mechano-transduction. There is strong evidence that parts of the energy
transmission of low-frequency oscillations become irregular information at the
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endothelial level that interferes with the autochthonous control of the
microcirculation. Recent studies confirm the importance of a balance of the NO
metabolism due to a synchronized release at the right time, in the right place, and
with the right quantity. Misinformation, caused by external forces, must inevitably
lead to an increase in oxidative and oscillatory stress, the main reason for a loss
of endothelial integrity with inflammation diseases like atherosclerosis. This could
indicate the long-sought pathophysiological way in which infrasound and vibration
can exert a stressor effect at the cellular level. Noise-exposed citizens, who live
near infrastructures such as biogas installations, heat pumps, block-type thermal
power stations, and bigger industrial wind turbines (IWT'’s), show worldwide mainly
a symptomatology associated with microcirculatory disorder.

Marine ecosystems, but also insects, appear to be particularly at risk from
increasing emissions of very low frequencies. There is evidence for the increasing
incompatibility of ever lower frequencies for all organisms and therefore for whole
biodiversity.

Keywords: Mechano-transduction;  endothelial  cytoskeleton; infrasound,;
oscillatory and oxidative stress; biodiversity.

1. INTRODUCTION

Endothelium health is essential to the regulation of physiological vascular
functions. Because of the critical capability of endothelial cells (ECs) to sense and
transduce chemical and mechanical signals in the local vascular environment, their
dysfunction is associated with a vast variety of vascular diseases and injuries,
especially atherosclerosis and subsequent cardiovascular diseases [1]. The
vascular endothelium serves as an interface between the blood and the tissue.
This layer of cells is increasingly recognized as a critical component of vascular
health. The endothelial regulation of vasodilation and contraction, vascular
permeability and inflammation, and immune signaling is critical to vascular health,
which in turn is pivotal to our survival [2].

1.1 Structure, Components, and Regulation of the Microcirculation
System in Mammals

The flat endothelial cells line all the mammal’s vessels (including lymph vessels)
as its largest organ. Responsible for the entire transport of energy- and substrate
metabolism as well as for many vital functions, they have a very large surface area
(approx. one football field, respectively four to five tennis courts in an adult) [3,4].
The endothelial cell corresponds in its structure to a somatic cell and is specified
for its diverse tasks, whereby the respective vessel (capillary vessel, artery), as
well as the type of tissue (splanchnic area, kidney, brain), is responsible for its
further specification [5]. It differs in shape, expression, surface, and staffing of
receptors of the adrenergic system [4]. According to their ultrastructure, endothelial
cells are differentiated, depending on their organ-specific substructure, into various
types of continuous, fenestrated, and discontinuous endothelium. The circulatory
system is self-contained in a combination of vessels - connected in series and in
parallel - in which, by Ohm’s law, the total resistance decreases with each
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additional parallel connection [5,4]. By regulating the resistance via the upstream
arterioles, we physiologically find laminar flows with uniform velocity, strictly bound
to the vessel size, in the capillary network. This is a crucial precondition for the
diverse and vital tasks of the microcirculation [5,6]. In contrast, we find chronic
oscillatory stress, a strong causal factor for atherosclerosis, at vascular branches
and stronger curves of medium and larger vessels [4]. One of the main tasks of
microcirculation is to adapt vascular blood flow to current needs [3,7]. The
functional vessel density (FVD) in resting muscle is about 25% of the total vessel
density (TVD). Conversely, this also means that blood flow can be increased by a
multiple [8]. The compensatory capacity of the capillary network is thus many times
higher than that of the “macrocirculation”. Under physical strain, so-called capillary
recruitment according to Moore and Fraser [9] begins by lowering the vascular
resistance of upstream arterioles, resulting in a significant increase in the nutrient
exchange surface and a decrease in the distance between two capillaries with a
consequently reduced diffusion distance for oxygen and nutrients [4]. The
regulation of local blood flow (so-called vasomotor function) is extremely complex
and “orchestrated” [7,4]. It is controlled by intrinsic and extrinsic factors (e.g.,
autonomic nerve system and vasoactive hormones, e.g., adrenaline, vasopressin,
angiotensin, serotonin) which modulate intrinsic activity [3], dependent also on
vessel size and the distribution of adrenergic receptors to a given organ [4].

One basis for intrinsic regulation is the Bayliss effect [10]. Blood flow is kept
constant: If blood flow increases, vasoconstriction occurs, if blood flow falls,
vasodilation occurs [4]. A second basis is metabolite factors according to the
classical theory, in which local hypoxia leads to an increased release of
vasodilatory active substances (e.g., NO, ATP, prostaglandins), causing an
increase in local blood flow [4]. Accumulating metabolites such as lactate,
hydrogen ions, potassium, and adenosine maintain this effect [3]. One of the most
important and mainly responsible prerequisites for NO bioavailability is the
classical laminar shear stress response due to mechanical forces according to
Chien [11]. NO is triggered classically by blood flow causing a mechanical change
at the endothelial cell membrane and formed from its precursor L-arginine via NO-
synthetase (NOS) [4]. NO mediates vascular relaxation by activation of the soluble
guanylate cyclase (sGC) which catalyzes the conversion of guanosine
triphosphate (GTP) into 3’-5’-cyclic guanosine monophosphate (cGMP) [4].

The latter is extraordinarily typical for microcirculation, but one of the least
explained phenomena: vasomotion.

Vasomotion was first observed in the classic example of a bat vein and described
as rhythmic contractility that accelerates blood flow forward through fine and
synchronized pulsations [12]. The causes and control of these have not yet been
fully elucidated [4]. The current state of knowledge is that vasomotion depends on
the integrity of the endothelium and serves to optimize nutrient support [13].
Vasomotion can be directly observed in vivo with SDF-video microscopy. Quote
from Aalkjaer C. Mulvany MJ [13] in cap. 1.3, page 7: “Perhaps the only feature
related to vasomotion which is agreed by everybody is that an oscillation of the
smooth muscle cell membrane potential is the background for the oscillation of the
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individual smooth muscle cell tone and also for the synchronization of the smooth
muscle cells [...] This strongly suggests that [Ca?*] in the smooth muscle cells is
also oscillating in a synchronized manner— and this is indeed the case. [...]".
There is deeper insight in the original article [13, 4].

The extent of endothelial involvement in clinical syndromes is immense, as are the
potential factors that can influence microcirculation in both positive and negative
ways. The most important potential influences arise from vital functions such as
oxygen and nutrition supply, growth, embryogenesis, blood coagulation, immune
regulation, etc. The main causes of dysfunction are those that can disrupt the
integrity of the endothelium, in particular, an excess of oxidative and oscillatory
stress [4].

Table 1. The different possible effects of Nitric Oxide as protective,
regulatory, and deleterious

Protective effects:

. Antioxidant
. Inhibits leucocytes and platelet adhesion
. Protects against toxicity and peroxidation

Regulatory effects:

Vascular tone

Cell adhesion

Vascular permeability
Neurotransmission

Bronchodilation

Inflammation regulation

Regulation of renal function
Deleterious effects

. Inhibits enzymatic function

Induces DNA damage

Induces lipid peroxidation

Increases susceptibility to radiation, alkylating substances, toxic metals
Depletes reservations of antioxidants

1.2 Redox System Homeostasis

Crucial for both, synchronized blood flow regulation and the maintenance of
vascular health, is the adequate release of NO with the right amount, right quantity,
at the right place, and at the right time [14]. As a strong antioxidant, it plays a
decisive role in the homeostasis of the entire redox metabolism with interruption of
lipid peroxidation and therefore decrease of aggressive free oxygen radicals (ROS)
[14,15] Table 1 [4]. As free radical (in a gaseous state), it can diffuse freely through
the membranes. The vascular effects of NO are presented as vascular protective,
regulatory, or deleterious [13,16]. How the reaction turns out, depends according
to Laurindo F. et al. [14] on several factors. According to these authors, the
unfavourable properties usually are associated with excessive NO production, the
protective NO effects are attributed to a steady and for the specific situation
adequate NO production [4]. Not only NO, but also its three isoenzymes of
endothelial NO-Synthetase are involved in redox signaling pathways. Depending
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on the kind of isoenzymes and surrounding conditions, they have likewise either
protective effects or such that are deleterious as shown in Table 1[4, 17,18,19].

After the Original Tab. 1 in Wink AA. Mitchell J (1998) chemical biology of nitric
oxide: insights into regulatory, cytotoxic, and cytoprotective mechanisms of nitric
oxide, Radiation Biology Branch, National Cancer Institute, Bethesda, MD, USA
from Book Free Radical Biology & Medicine, Vol. 25, Nos. 4/5, pp. 434-456, 1998.
Published by Elsevier Science Inc. 0891-5849/98 $0.00 1.00 reference Fig. 1 Page
435.

Chronic exposure to low sound frequencies (IFLN) will inevitably increase the
effects of inadequate NO release. In a study from 2022 [20] the results
demonstrated that the vascular endothelium is the target tissue of ILFN and NO is
an effector of the ILFN-mediated increase in cutaneous blood, which can explain
the increase of cutaneous blood flow in short term impact and the decrease in
longer impact. A further result is that the vestibular-sympathetic nervous system
has limited effects on the increase of cutaneous blood flow (demonstrated with
wavelet-transform spectrum analysis) [20].

In sum, the dependence of an adequate NO provision on auto regulated physical
forces leads to a sensitivity to external stressors that would be capable of leading
to irregular mechanic transduction and inadequate NO supply. More details on the
whole theme are in articles from [14,15,16,21,22].

In the area of microcirculation, further vasodilating substances play a decisive role.
Vascular segments in arterioles respond to endothelial autacoids such as
angiotensin, serotonin, and eicosanoids [5] and to agonists such as acetylcholine,
bradykinin, or substance P as well as to transmural pressure changes. They do
this not as isolated entities, but in a coordinated manner. This is attributed to the
Endothelium-derived-hyperpolarising-factor (EDHF) [14,4]. EDHF has a long-
distance effect, as its locally triggered formation can also trigger a rectified vascular
response up and downstream. The calcium-dependent activation of potassium
efflux by EDHF is followed by hyperpolarisation with the transmission of electron
transfer within the vessel wall via the gap junctions and without loss of time [23,4].
The transmission reaction is comparable to a school of fish, very fast and
synchronized [8]. The possibilities of micro tactile stimulation compared to
triggering via acetylcholine, were experimentally tested and confirmed [8,4].

1.3 Inflammation and Fibrosis Homeostasis

All sequential series of reactions here depend on the integrity of the endothelium
and involve the endothelial cytoskeleton. Since it is a vital endothelial function, the
complex process of inflammation can be disrupted at any level according to
Suthahar [24]. In line with its high relevance to the topic of our work, we present a
more detailed description to show how sensible the whole process, e.g., for
mechanic stress: An inflammatory response is essential as a physiological defense
mechanism against, e.g., bacteria, viruses, injuries. The point of no return is the
diapedesis of leucocytes. The further course leads in the favourable case to a
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restitution ad integrum, in the unfavourable to chronic inflammation with fibrosis,
defect healing, and possible organ damage [4].

Important works on the state of the science come from Ley et al. [25] and Serhan
et al. [26], related work in particular from Nussbaum and Sperando [27] and [3,28].
According to Ley [25], the orderly process in all phases is crucial for its outcome.
Here is presented the undisturbed course [4]:

Capture and Slow Rolling  Firm Adhesion Crawling Transmigration
Rolling

o) 4‘5\

Ty r—, ¥ U />
M M M M M M M c \Usus\Nussbaum\ApDDatu\Local\Temp\Leukocvle Reoruitment.Cascade-JRJ tif
M P-selectin ¥ PSGL-1 CXCR J LFA-1 ' Mac-1 &
M E-selectin Chemokine M ICAM-1/-2 .

Fig. 1. Original description: Schematic overview of the leukocyte
recruitment cascade using the example of a neutrophil leaving a
postcapillary venule. Capture and rolling are mediated by the interaction of
selectins with PSGL-1 on the neutrophil surface. During rolling, the
neutrophil is activated by chemokines presented on inflamed endothelium
leading to firm adhesion through binding of neutrophil integrins (LFA-1 and
Mac-1) to endothelial adhesion molecules (e.g., ICAM-1 and -2). Upon firm
adhesion, the neutrophil spreads and begins to crawl along the endothelial
lining in search of an appropriate site for transmigration. States of
leucocytes diapedesis: Capture and rolling, Slow rolling, Firm adhesion,
Crawling, Transmigration source [27] Nussbaum, C., Sperando, M. (2011):
Innate immune cell recruitment in the fetus and neonate. J Reproduction.
Immunol 2011; 90(1): 74-81. (IF 2, 966). Page 2 Fig. 1 With permission

The circulating leukocytes move passively in the bloodstream. In the postcapillary
venules, local changes near sites of inflammation in the hemodynamics lead to a
reduced blood flow rate [4]. This increases the likelihood of leukocytes coming into
contact with endothelia. The endothelium is in an activated state for a few hours
and expresses adhesion molecules that lead to leukocyte binding. The “slow
rolling” of leukocytes is also made possible by another inducible endothelial E-
Selectin, which is based on a partial activation of Integrins on the leukocytes [25]
(compare Fig. 1) [4]. The actin cytoskeleton is also actively involved in this process.
Further chemokines, partly from the endothelium and partly from the extracellular
space (ECR), activate tight binding and then amoeboid passage of leukocytes into
the ECR. Selective changes in permeability (gate- keeper-function of the
endothelial cell) allow cellular components such as neutrophils and monocytes, to
move from the intravascular space to the ECR. More details of the sequences in
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leucocyte diapedesis are presented in standard works [3,27]. There is an intensive
interplay between endothelial secreted mediators, cytokines and such of the ECR
[3,24,4].

Anti-inflammatory signals such as corticosterone mitigate the severity and limit the
duration of the early phase [24].

In summary, the process of inflammation is a complex interplay between a
temporally and spatially defined process of mutual influence and activation
between factors of the intra- and extra-vascular space [4]. At the center of the
process is the adequate gate-keeper function of an endothelium in an integrity
state. After diapedesis of the leucocytes, an orderly process depends on the
absence of increased oscillatory and oxidative stress, to lead to a restitution ad
integrum. In the other case, defect healing can occur due to a shift of the
equilibrium in the direction of chronic inflammation and fibrosis. In clinical
medicine, shifts to chronic inflammation and the prevention of themselves play a
big role [23,4].

The standard works by Buckley et al. [29] and Serhan et al. [26] describe the
sequences after the leukocyte diapedesis: Appropriate “checkpoints” and “stop
signals” prevent further leukocyte entry. Lipoxins, Resolvins, and Prostaglandins
act in an active pro-resolving process [4]. This paves the way for the migration and
differentiation of monocytes to phagocytosis, for the chemokine gradient
normalization (which allows the leukocytes to undergo apoptosis), and for exiting
the tissue via the draining lymphatic vessels. Failure of such regulatory
mechanisms can lead to a state of chronic inflammation, causing continuous tissue
damage and progressive fibrosis. The central role of the endothelium in the
inflammatory process explains the necessary immobilization of infected areas and
the need to avoid external pressure on the infected area. A classic example is
chronic heart failure by “remodeling” of the heart [24,4].

At heart, immunocompetent myofibroblasts and factors of the ECR actively
modulate the development of initially perivascular and later progressive fibrosis.
Starting points can be the development of myocarditis into a chronic form, state
after myocardial infarction, and/or chronic mechanic pressure load on the heart
(systemic high pressure or pulmonary hypertension) [4]. The consequence is an
increase in diffusion distance, a decrease in capillary density, an impaired
electroconductive system with cardiac arrhythmia, and disruption of angiogenesis,
leading again to a deteriorated substrate and oxygen supply with a self-reinforcing
process: a vicious circle [24,4].

1.4 Hemodynamic Forces

Physiologically physical forces constantly act on the organism, e.g., gravidity,
pressure, shear stress, vibration. The major ones come from the blood flow itself
and are tangential forces (e.g., laminar shear stress) or stretching forces (e.g.,
pulsatile distention) according to Fernandes, C.D. et al. [6] and Mazzag et al. [30].
As described above, internal oscillatory stressors are physiologically limited by
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vessel size, which is a critical factor in maintaining vital functions [6,4]. The
regulation of several vital cellular processes via mechano-transduction and
signaling networks including growth, differentiation, migration, angiogenesis, and
apoptosis, is essential [3,6]. During morphogenesis, shear stress directs the
formation of the vascular tree according to Hahn and Schwartz [31]. Changes in
shear stress determine instantaneous vasomotor changes that are regulated on a
“beat-to-beat” basis [6,4] to maintain constant laminar stress and optimize the
conductance artery flow distributive function. In consequence, disturbed flow can
have deleterious effects on embryogenesis. At the same time, itis important to rely
on sufficient NO release [6]. An overview of the different effects of shear stress is
given in Fig. 2 [4].

The integrity of the vascular endothelium plays a decisive role in the origin of
atherosclerosis, which is the precondition of cardiovascular diseases like
myocardial infarction, stroke, and aneurysm. Endothelial cells “orchestrate” the
different roles of monocytes, macrophages, and smooth muscle cells and their
interactions through local expression and secretion of signaling molecules. This
means that the activated vascular endothelium is the essential driver of
atherosclerosis, which induces a proinflammatory and proatherogenic phenotype
in response to disturbed flow [22]. Recent studies confirm the decisive role of a
disturbed flow for the endothelial activation for flow-induced inflammation and
leucocyte recruitment as well as a crucial involvement of the mechanosensitive
PIEZO-1 channels (Fig. 1 in [22], on page 3). The results show an increase in
oxidative stress in areas of disturbed flow with an increase in oxLDL, which in turn
acts as an additional proatherogenic factor.

1.5 Tensegrity Structure of the Endothelial Cytoskeleton

The viscoelastic structure of the endothelial “tensegrity’-structure offers the
foundation for mechano-transduction of forces. The term “tensegrity” was coined
by R. Buckminster Fuller [32], architect of the geodesic dome, where discontinuous
compression and continuous tension were used to achieve the highest possible
stability combined with lightness. Additional anchorage points are used to transfer
mechanical forces to the individual compression and tension elements [33,4]. The
equivalents at the endothelial cell level are the three intercommunicating networks
of protein filaments and their anchor points:

Actin filaments as the elastic part, serve to maintain the cell shape by forming a
ring under the cell membrane [33] with a communication network to flow sensors
(mechano-sensors) and membrane focal adhesion points (FAS) — the “anchor
points in the tensegrity model’— as well as the intercellular gap junctions (CCAP)
[33,4]. According to Dudek et al. [34], over 80 actin-binding proteins are critical
participants in the generation of tensile forces. The original article [33] provides a
deeper insight into this complex topic. In response to contractile stimuli, actin- and
myosin filaments form membrane-bound, parallel-organized units, called “stress
fibers” that stimulate the sliding of myosin along the actin filaments. This leads to
an increase in intracellular tension and thus cell contraction according to Wang et
al. [35] and Lee et al. [36]. The closing and opening of the paracellular gaps in
response to inflammation, ischemia, and invading substances (gate-keeper-
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function) are essential according to Patrick Belvitch et al. [37]. Actin filaments also
make up the so-called microvilli. These contain a central bundle of actin filaments,
also anchored to the cytoskeleton. Microvilli are found in various organs (e.g.
intestine) where they have mainly resorptive properties [4].

Microtubules constitute the compression element with pressure-resistant hollow
rods, consisting of a- and B-tubulin [33]. They are connected to the ECR by
integrins (transmembrane proteins) and support the cellular structure in
communication with actin filaments and intermediate filaments as well as the
formation of spindles for mitosis [4].

1.6 Mechanical Force Transmission via “Biophysical” Mechano-
Transduction

The observation that many processes take place much faster than the mechano-
chemical pathway via gene expression and protein synthesis would allow (namely
a minimum of some seconds), led to intensive research in the “tensegrity” structure
and to the definition of the “biophysical pathway” [4]. This relies on direct physical
links between specific mechano-sensors of the endothelial surface and
cytoskeleton elements. It allows cells to transfer mechanical stimuli over long
distances and very importantly, a spatially heterogenic excitation to transform
information into a desired reaction [35,4]. Crucial work with important relevance to
our work is the research on the dynamics and distribution of transmission in
response to “noisy flow” from Bori Mazzag et al. [38] and Mazzag B, Gouget C,
Hwan Y, Barakat Al [30]. By “noisy” flow, the authors mean an “oscillating or
turbulent flow under conditions with random fluctuations in the flow properties of
pressure and velocity”, Quote Mazzag, Barakat 2010 on page 912 [38].

Predecessors in the exploration of the “biophysical pathway” in the early 2000s
were Wang et al. [11] and Davies et al. [39]. Significant works have been
contributed in this context by Helmke et al. [40], Hsu, H. J., Lee, C.F, Locke, A. et
al. [41]; Hwang, Y., Gouget, C. L. M and Barakat, A. I. [42].

To better understand the dynamics of force transmission via cytoskeletal filaments,
several mathematical models have been developed. The authors Mazzag and
Barakat present an overview (possibilities and limitations) in [30,4].

The Temporal Network Model, as presented in [38] and [30] is based on a
viscoelastic structure of a tensegrity model, to develop insight into “noisy” flow
transmission and to define, which transmission structures are sensible to “noisy”
flow. This model is shown in Fig. 3 [4].

The results show that the amplitude of the oscillations in the “noisy” flow will be
answered more strongly than its duration. Another significant implication is that
FAS (Focal adhesion points - equal anchoring points to ECR), due to their high
sensitivity to noise, are prime candidates for acting as cellular “Noise detectors”
[38,4].
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Fig. 2. Original description: Different effects of laminar and oscillatory
shear on cell function and atherosclerosis. The dotted lines represent the
endothelial cell cytoskeleton. Laminar and oscillatory shear forces are
recognized in endothelial cells by mechano-sensors and the
mechanosignals initiate signaling cascades that regulate the production of
vasoactive factors, and the balance between these factors. While laminar
shear stimulates the production of atheroprotective factors, oscillatory
shear stimulates the production of atherogenic factors and the balance of
these factors determines the vessel's tendency to stay healthy or to
develop atherogenic plaques. PGI2, prostacyclin; TM, thrombomodulin;
TGFb, Transforming Growth Factor beta; PDGF, Platelet-Derived Growth
Factor; ET-1, Endothelin-1; BMP4, Bone Morphogenetic Protein 4. Adapted
from Jo H, Song H, Mowbray A. Role of NADPH oxidases in disturbed flow-
and BMP4-induced inflammation and atherosclerosis. Antioxid Redox
Signal 2006; 8: 1609-19. Overview over the different effects of laminar and
oscillatory shear stress on cell function and atherosclerosis. Original
source [6] Fernandes CD, Araujo Thar's S, Laurindo FRM, Tanaka LY.
Hemodynamic Forces in the Endothelium. Mechano-transduction to
Implications on Development of Atherosclerosis. In: ENDOTHELIUM AND
CARDIOVASCULAR DISEASES. Vascular Biology and Clinical Syndromes.
Edited by Protasio L. DA Luz. Peter Libby Antonio C. P. Chagas. Francisco
R. M. Laurindo. Publisher: Mica Haley. Sao Paolo. (2018) ISBN 978-0-12-

812348-5 Cap. 7 Fig. 7.3, p 90. With permission
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A summary assessment follows in Mazzag, B. [30] with further developments of
models, e.g., for the spatial distribution of mechanical forces during transmission
such as the Spatial-temporal network Model. According to the authors [30], there
were important contributions from the original articles from [42] and Mazzag and
Barakat (2011) as well as Mazzag et al. (2003).
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Fig. 3. Original description: Schematic representation of an EC consisting
of a mechano-sensor (MS), cytoskeletal elements (either actin stress fibers
(a) or microtubules (M)), a nucleus (N), cell-cell adhesion proteins (CCAP),
and focal adhesion site (FAS). The inset shows a TPMM (or Kelvin body)
representation and the viscoelastic parameters for FAS. The superscripts
‘32’ on the parameters indicate that this element is the second element on
the third branch (see text). (b) Branching network representation of the EC
components in panel A. Each cell component corresponds to a TPMM,
coupled to other components according to the diagram shown. Actin stress
fiber and CCAP connected in series are referred to as Branch 1, actin
stress fiber/microtubule in series with the nucleus is Branch 2, and actin
stress fiber in series with the FAS is Branch 3. (a) Schematic
representation of an endothelial cell consisting of a flow-sensor (FS),
cytoskeletal elements actin filament (a) or microtubules (b) and the
connections (N), (CCAP), (FAS). (b) Mathematical representation. Source [30]
[38]: Temporal Network Model Fig. 1 Bori Mazzag, Cecile L. M. Gouget,
Yongyun Hwang and Abdul I. Barakat [30] Cap. 5. Page 98 [38] Mechanical
Force Transmission via the Cytoskeleton in Vascular Endothelial Cells. In
Endothelial Cytoskeleton. Editors Juan A. Rosado and Pedro C. Redondo
Department of Physiology, University of Extremadura Caceres, Spain. With
permission

In summary, the results provide a strong frequency dependence of force

transmission with the definition of a threshold value for actin filaments (more
sensible) and microtubules.
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Another issue for the authors was the saturation behavior when the signal persists
and an explanation, as to why the natural frequencies, generated by organs of the
organism itself, do not lead to a long propagation of transmission. We cite the
authors Mazzag and Barakat 2014 on page 107 [30]:

“In the case of oscillatory forcing, the deformation-related stress as in the case of
constant forcing exhibits an initial transient before it eventually saturates to a time-
periodic steady-state response. Importantly the saturation amplitude of the
deformation-related stress at the nucleus is found to be strongly dependent on the
forcing frequency. Figs. 3D and 3E illustrate the saturation amplitude of
deformation-related stress at the nucleus as a function of forcing frequency for
transverse and axial forcing, respectively [4]. In both the axial and transverse
directions, a low-frequency (<0.1 Hz) mechanical stimulus is transmitted to the
nucleus without decay in its amplitude, whereas a high-frequency mechanical
stimulus undergoes significant decay in amplitude. This implies that individual
stress fibers act as low-pass filters of mechanical forcing. Interestingly, transverse
motion exhibits a much broader filter width than axial motion: the filter width for
transverse motion extends to f ~ 1000 Hz whereas the one for axial motion extends
to only f ~ 1 Hz” [...] (Remarks: citation italic letters) [4].

Second important quoting on page 101 [30,4]:

“As already described, oscillatory flow has been reported to induce EC dysfunction
and to correlate with the development of early atherosclerotic lesions. Therefore,
we also investigated the response of the simple networks described in the previous
paragraph to oscillatory flow. The results revealed that the peak deformation
(defined as the largest deformation within a period after the asymptotic time-
periodic behavior is attained) of each of the structures in the network (mechano-
sensor, actin stress fibers, microtubules, and nucleus) is strongly frequency-
dependent. At sufficiently low oscillatory frequencies, the peak deformations match
those for constant forcing; however, above a threshold frequency, the peak
deformations drop significantly. The analysis demonstrated that this threshold
frequency is in the range of 10-5 - 10—-4 Hz for microtubules and 10-3 - 10-2 Hz
for actin stress fibers, suggesting that stress fibers can effectively
transmit force over a wider frequency range.” “[...].” [Remarks: ltalic letters from
me].

Research by Na et al. [43] experimentally compared the velocity of mechano-
transduction via the bio-physical and mechano-chemical pathways (growth factor
and gene expression). The authors used comparable physical exposures for
Infrasound (0.3 Hz), duration of 30 s, and sound pressure of 1.8 Pa (studies with
1.8 Pa up to about 20 Pa). The most important results were the confirmation that
the speed was 40 times faster than by mechanical-chemical means (confirming
the above results), namely 300 ms (milliseconds). Beyond this, the findings were
that the “Stress-Induced Src Activation depends on Integrin Activation, Substrate
Stiffness, Prestress, and F-Actin Integrity” [43], quoting from Na et al. on page 1.
Remarks: in italic letters (from me) [43,4].
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Fig. 4. Original description: Endothelial cell mechano-sensors. Location of
mechano-sensors such as cytoskeleton, integrins, cell-cell junctions,
caveolae, lipid rafts, cell surface glycocalyx, G protein-coupled Receptors
(GPCR), and ion channels. While mechano-sensors in the apical region
(lumenal) are activated directly by shear stress (such as G proteins), the
cytoskeleton (represented by actin fibers, F-actin) is responsible for
transmitting forces to the mechano-sensors at the basal region of
endothelial cells (such as integrins). G protein activation occurs due to
local changes in plasma membrane fluidity, therefore directly due to shear
stress and independent from an agonist, causing hydrolysis of GTP into
GDP. On the other hand, the structure of mechanosensitive integrins is
changed from inactive to active when submitted to shear stress, possibly
due to the transmission of the mechanical force to the cytoskeleton. In
active conformation, integrins have a higher affinity for cognate proteins in
the extracellular matrix. Mechano-sensors of the endothelial cell (status
2019) source 5 Fernandes CD, Araujo Thar’s S., Laurindo FRM, Tanaka LY.
Hemodynamic Forces in the Endothelium. Mechano-transduction to
Implications of Development of Atherosclerosis. In: ENDOTHELIUM AND
CARDIOVASCULAR DISEASES. Vascular Biology and Clinical Syndromes.
Edited by PROTASIO L. DA LUZ. PETER LIBBY ANTONIO C. P. CHAGAS.
FRANCISCO R. M. LAURINDO. Publisher: Mica Haley. Sao Paolo (2018)
ISBN 978-0-12-812348-5. Cap. 7 Fig. 7.2, p. 89. With permission.

1.7 The Mechano-Sensors of the Endothelial Cell

According to [6] the cytoskeleton itself is a mechano-sensor. On the side facing
the vessel (luminal), mechano-sensors are especially the glycocalyx, integrins,
cell-cell junctions (CCAP), caveolae, lipid rafts, G-protein coupled receptors, and
ion channels. They are activated according to their location via shear stress [6]
(Fig. 4) [4]. According to the author in [6], endothelial mechano-sensors are altered
in their microenvironment by shear stress and can activate intracellular signaling
pathways in this new formation. The fluidity of microdomains in the plasma
membrane is altered [6]. This leads according to [6] to a spatial rearrangement of
various proteins and thus to the activation of signaling pathways. The transmission
of forces takes place via the three intercommunicating networks of the
cytoskeleton to the basal region of the cytoskeleton (e.g., Integrins) [6,30,38,4].
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One of the most important mechano-sensors is the glycocalyx [3,6] Fig. 4). In
critically ill patients the extent of the glycocalyx damage (so-called shedding)
correlates with the severity of disease and mortality [3,44,45].

As identified to date, mechano-sensors are presented in Fig. 4 (status 2019).
1.8 PIEZO-1-Channels

Additional recently defined endothelial mechano-sensors, the PIEZO-1 channels,
have been established as a sensory system of internal organs by the receptors for
pressure and vibration in all vessels. Due to the great importance of their
breakdown, Ardem Patapoutian received the Nobel Prize in Medicine in 2021.
According to Rode et al. [46], Piezo-1 is responsible for flow-sensitive, non-
inactivating, non-selective cationic channels which depolarize the membrane
potential: Ca?* permeable Piezo-1 channels are activated by physical force on the
cell membrane (compare Fig. 5) [4]. PIEZO-1 senses the whole body’s physical
activity to reset cardiovascular homeostasis and enhance performance. They are
critical for lymphogenesis and homeostasis and are important shear stress
mechano-sensors [47]. PIEZO channels are crucial in all multicellular organisms,
i.e., also invertebrates such as flies and vertebrates (fish) [48]. A schematic
representation of an embedded PIEZO-1 channel is shown in Fig. 5 [4].

Further studies have now identified a pivotal role for PIEZO channels, e.g. Feng et
al. [49], on the importance of the Piezo-1 channel for the alignment and migration
of endothelial cells, formation of capillary networks, the endothelial regulation of
inflammation, and neuronal development [4]. The work confirms the central role of
PIEZO channels from bacteria to mammals in the mechano-transduction
processes. According to Feng et al. [49], a variety of ion channels in eukaryotic
cells can sense various forms of mechanical force, whereby most MS candidates
(the TRP channel in particular) are activated not only by mechanical stimuli but
also by chemicals, temperature, osmolarity, and heat (> 27-34°C). Voltage
dependence of the opening mechanism is intended to protect against
overstimulation according to Feng et al. [49], first described by Coste [50,4].

According to Feng, we have a “new age of research on the pathological and
physiological processes associated with mechano-transduction [...]"” quote Feng
et al. [22] on page 16.

2. NOISE, SOUND AND INFRASOUND

In the International Classification of Diseases (ICD-10) (2010), published by the
World Health Organization (WHO), “Noise exposure” (item W42) is listed under the
heading of “Exposure to inanimate mechanical forces” (items W20- W49) [51].
Indeed, airborne propagating pressure waves (i.e., sound) permeate the
viscoelastic tissue of biological organisms as external mechanical forces [4].

In the more recent ICD-11 (2020), additional Extension Codes (Section X) have
been established, and “noise exposure” (item XE7Y1) now falls under the
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categories of “External causes/Exposure to another mechanism” [52]. The
condition “Vertigo from infrasound” (item T75.2 in the ICD-10) under the heading
“Effects of vibration” now falls under the category of “Other specified effects of
vibration” (item NF08.2Y) [4].
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Fig. 5. Schematic presentation of a PIEZO-1-channel, embedded in the
endothelial cell membrane with a triggered Ca?*-inflow. The actin ring
(intra-endothelial) is indicated. The wings are moved by mechanical forces
on the membrane and release the channel in an opening movement.
Blue/Yellow: endothelial biomembrane with lipid bilayer structure.
Schematic presentation of a PIEZO-1-channel

Infrasound is defined as sound with a frequency below 20 Hz. Low-frequency noise
(IFLN), not clearly defined, according to DIN 45680, draws the line at 125 Hz. The
lower the frequency, the greater the wavelength. Infrasound can only be minimally
dampened and is less attenuated by propagation through the atmosphere as well
as through roofs and walls than the audio spectrum [4]. For example, sound
propagation in the air with a wavelength of 0,1 Hz is about 3,3 km (standard
condition 20 degrees Celsius), and that of 1000 Hz is about 34 mm. Infrasound is
generated by heavy-moving masses as well as by resonance
phenomenalvibration. Its exposure can be occupational or residential, and can be
emitted from natural (e.g., earthquakes) or technical sources (trains, airplanes,
occupational or residential sources). The emitters differ in frequency, sound
pressure P (Pa), time/effect profile (impulsiveness), and duration [4]. According to
increasing numbers and size of IWT rotors, therefore complaints increase
especially [53]. The larger the rotor, the lower the emitted frequency. Infrasound of
IWTs is meanwhile with big parts in the range of 0,1 Hz to 10 Hz according to
[54,55]. Its infrasound emission is impulsive in the effect/time profile according to
Roos W., Vahl, C.F. [55] and Vanderkooy, J. [56], as shown in Fig. 6 [4].
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Fig. 6. An infrasonic pulse extracted from the emission of a wind turbine.
The fluctuations of sound pressure measurable near a wind installation
usually contain noise, i.e. irregular sound events of different origin. Noise
removal is possible by averaging the sound pressure over a large number
of mast-blade passages (here 4100), which reveals their common element
(red line). The red peak thus visualized from the time sequence coincides
with the blue peak, which shows the fundamental pulse as reconstituted in
the frequency domain from 15 (very sharp) harmonic lines by Fourier
analysis. The result is the coherent fundamental peak of this turbine of 0.9
Hz frequency, accordant to 1.08 seconds required per blade passage.
Extracted infrasonic pulse of a wind turbine showing the relation between
sound pressure (P) and time (s). Original source 56 corresponding to Fig. 7
Vanderkooy?! J, Mann?, R Measuring Wind Turbine Coherent Infrasound
Department of Physics and Astronomy 1, Department of Computer Science
2 University of Waterloo, Waterloo, ON, Canada, N2L3G1 jv@uwaterloo.ca,
mannr@uwaterloo.ca Date posted: 2. October 2014. With permission

The physical laws of wave theory apply to the propagation of sound, e.g., as
longitudinal or transverse waves and with different velocities of propagation (in fluid
medium about three times as fast as in gas) [4]. The propagation behavior depends
on the various elastic media, whether liquid, gaseous, solid, or a mixture thereof;
the same applies to the viscoelastic organism. Since sound is a mechanical wave,
the propagation can be refracted, reflected, interfered with, and can be transmitted
[57,4]. The propagation of a wave is a transport of energy, but not a transport of
material. During propagation, particles are set into oscillation. Furthermore, in
indoor spaces of buildings, interferences of airborne sound pressure and structure-
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borne sound are possible, which can lead also to relevant amplifications or
attenuations of the total impacting sound [58].

The vertical design of today's large wind turbines inevitably leads to infrasound
being emitted, especially when passing the mast; the following applies: the longer
the rotor blades, the lower the frequency in Hz of this emission. Technical solutions
with a horizontal design could be significantly less affected here [4].

The following applies to Hydroacoustics: At around 1480 m/s, sound travels
much faster in the ocean than in the air, where it travels at around 340 m/s under
normal conditions. The speed of sound increases with temperature, pressure, and
salinity. A sound wave travels through the elastic medium of water as a longitudinal
pressure wave and can only end at a larger land mass. Accordingly, the effects of
repeated, impulsive low-frequency pressure waves on all marine life are
particularly far-reaching and impact all marine life. Given the importance of
mechanosensory systems for all living creatures, we must assume that marine
mammals in particular are in life-threatening danger. Chronic impact with deep
frequencies not only affects their orientation, which often takes place over long
distances via low-frequency sounds but also their vital functions such as e.g.,
energy and substrate supply, homeostasis of the redox system, and
embryogenesis. Allin all, there is a great danger for our marine mammals, but also
for the health of fish and other marine creatures.

3. THE HYPOTHESIS
3.1 The Difference from Current Thinking

The possible pathophysiological pathway of a cellular stressor effect of infrasound,
based on endothelial mechano-transduction, was first published in 06/23 [4]. This
was made possible by the research results of the last 15 years on the control of
vital life functions through endothelial mechano-transduction e.g. [3,6,30,38,19].

Everybody accepts that impacts on the organism are not depending on perception.
Why not here? This question has already been asked in 2007 [59]. By exposure to
noise in low-frequency ranges, many health disorders or manifest clinical
symptoms cannot be explained with purely audio-vestibular perception or
involvement of certain brain structures [60]. Since around 2015, the author noticed
that many complaints worldwide raised by the residential situation. They
correspond to functional microcirculatory disorders according to reduced and
uncoordinated NO-bioavailability.

These are especially signs of disturbed and inadequate support with nutrients and
oxygen, e.g., dizziness, school performance disorder, fatigue, tinnitus, muscular
weakness, and headaches. With chronic exposure, symptoms occur such as
increased blood pressure, cardiac arrhythmia, breathing disorders, immune
deficiencies, and late-onset epilepsy [59]. In a second step, a working hypothesis
has been developed that tested the prerequisites for a direct stressor effect on
both, the endothelial cell level and the technical side. The results, available to date
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from epidemiological studies, experimental and animal experimental studies, were
included in the considerations.

In a third step, the currently available literature on molecular endothelial physiology
and pathophysiology has been reviewed with respect to the possibility of mechano-
transmission of mechanic forces if outgoing from an extern-acting stressor. The
identification of PIEZO-1 channels in 2021 as important mechano-sensors for
sound and vibration strengthened the evidence for our hypothesis. The extensive
literature on pathohistological findings in occupational exposure to infrasound from
the 1980s [59], later from the 2000s on exposure of residents to wind turbines [61],
and the reassessment of these findings were included.

A so-called perception threshold, which was defined by the sound pressure level
that is just audible at the respective low frequency, cannot be an effect threshold
on cellular structures according to the current state of science.

3.2 The Hypothesis Is Based on the Evidence for:

» Noise is a mechanical force, therefore subject to physical laws;

» The existence of numerous mechano-sensors for sound and vibration at the
membrane/endothelial level with newly identified, in particular endothelial
PIEZO-1-channels, is state of the science;

» Mechano-transduction of mechanical forces is crucial for many vital
vascular regulations;

» The mechanical transmission of forces via the structures of the endothelial
cytoskeleton is state of the science;

» The micro tactile excitability of endothelial cells with rapidly propagated
conduction up and downstream has been scientifically proven.

3.3 The Hypothesis in Detalil

» Noise, when it affects organisms, is under certain conditions in frequency,
sound pressure, effect/time profile, and duration, able to change the
physiological laminar flow situation in the capillary bed in the sense of an
oscillatory environment. In this case, the transition of mechanical forces
might take place in an uncontrolled manner;

» In consequence, vasomotor functions and in particular vasomotion could be
disturbed;

» The expected effects of chronic impact could lead to a chronic inadequate
nutrient supply and therefore to a shift of equilibria to disequilibria,
especially for the redox systems and for the responses to inflammation
processes.

4. EVALUATION OF The HYPOTHESIS
The first basic condition that applies to our hypothesis is the question, of whether

exposure to “Noise”, in the sense of an oscillatory stressor, causes an oscillatory
field in the capillary bed in turn.
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4.1 Positive Support for Evidence

The evidence for this is supported by the responsiveness of endothelial mechano-
sensors for external influences such as gravity, pressure, swelling, and noise [3,
6, 30, 38, 49] as well as the micro tactile excitability of endothelial cells [5]. There
is also evidence that infrasound interacts with cell metabolism and leads to
perivascular fibrosis in Infrasound induces coronary perivascular fibrosis in rats
according to Lousinha [62]. Similar findings are presented in [63,64,65]. Empiric
data in experimental studies show clear indications that exposure to IFLN leads to
a ROS increase [66,22,49]. Positive evidence also indicates the study of Chaban
et al. [67] and very noteworthy, the direct cell effect is shown in the Effect of
infrasound on the growth of colorectal carcinoma in mice [68]. In clinical medicine,
there are currently considerations about the possible benefits of infrasound in the
therapy of human colon carcinoma. High evidence for a direct cell and membrane
effect are the results of the review of Roos, W and Vahl, CF [55], which focus on
the evidence for the interaction of cellular structures, resp. sensible membrane
structures, in a stress reaction. A possible disturbance of microcirculation is
discussed. A positive evaluation in this direction is also the metanalysis from
Dumbirille, A. et al. [69]: This evaluation results in the causality of adverse health
effects (ADHs) and the stressor in all “Bradford Hill criteria”. Reported adverse
effects on animals revealed not only stress reactions but also negative effects on
fertility, development, and reproduction [70]. About the Bradford-Hill criterion dose-
response, analyses showed a demonstrable deterioration in mental performance
from residents, living within 1.4 km of wind turbine(s) to those living outside this
radius [71]. Increased complaints occurred when the frequencies approached
lower frequencies (0.2 Hz in the example mentioned) [72].

Positive evidence for the frequent occurrence of atrial fibrillation is presented in the
“nurse cohort study” [73]. My statement here: The development of atrial fibrillation
in the absence of hypoxemia corresponds with structural changes and therefore
conditions for disturbances of the electromechanics and also with the observations
of increased diastolic intracellular Ca?* plus levels under IFLN [55,22,18].

4.2 Reassessment of Pathohistological Findings

Research [59] on the symptomatology of occupationally with IFLN confronted
groups in the 1980s showed wall thickening of vessels. According to the authors,
animal studies showed abnormal amounts of fibrosis/collagen in the trachea,
lungs, and pleura; damaged (sheared) tracheal and bronchial cilia; fused actin-
based microvilli of tracheal and bronchial brush cells. Thickening of the pericardial
wall has been observed in occupationally exposed persons to ILFN [59] and in
persons living in the vicinity of large IWT plants [61] as a specific alteration. Fig. 7
shows pericardial wall thickening in chronic occupationally exposed persons in the
eighties (so-called Vibroacoustic Syndrome “VAD-syndrome”) in comparison to
non-exposed.

Fig. 8 is the presentation of a non-exposed bronchial epithelium of a rat in
comparison to an exposed one in Fig. 9. The figures show the changes in the
microvilli (actin) before and after exposure. The interpretation of these findings
suggests a shift in the homeostasis of the redox system toward chronic
inflammation and fibrosis.
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4.3 Possibly Negative Support for Evidence

The choice of sound pressure levels (SPL) in dB in experimental studies is often
higher than expected from IWT’s installations.
Objection:

a) The SPL in dB(A) can only map airborne noise in the frequency part of
hearing (compare cap. 2).

b) The effect of the steady drip when living near emissions must be considered
as a strong factor [74], the exposure time in reality often can be (also for
sensitive groups) 24/7 hours/a day. In contrast, the time in animal
experimental studies is limited for practical reasons. A similar applies to the
higher sound pressures in the context of occupational exposure: Here, the
times of exposure are limited; sensitive groups have no access.

c) However, the decisive factor is that the frequency of Noise was not
recognized in its significance (e.g., the use of 8 Hz in Chaban et al. [67].
There is strong evidence, that in approaching increasingly lower
frequencies and thus the 1:1 transmission threshold for especially actin
fibers, less sound pressure is required for endothelial mechano-
transduction. Added to this: The behavior of sound propagation in the
viscoelastic organisms differs in that way, that decodable information about
the low-pass filters becomes conceivable (compare cap. 2) [30,38,43].

Exemplum Poulsen-Study [75]: As a result, he found no statistically significant
association between exposure to infrasound and the incidence of cardiovascular
diseases. A relativization of the study took place by the author himself (e.g., a study
on relatively little IWT’s).

4.4 Evaluation of Computational Studies

Important parts of the statements from Mazzag and Barakat 38 and 2014 Mazzag
et al. 30 are based on computational models. As already mentioned, the authors
themselves refer to possible limitations and results.

Quote from authors [30] on page 96: “Therefore, models need to be validated to
the extent possible against experimental data. It is only after such validation is
performed that mathematical models can potentially fulfil their promise of providing
powerful and predictive tools for studying the dynamics and spatiotemporal
organization of mechanically-induced responses in cells”.

My statement: Several predecessors [35,41,42,43] have done essential
preparatory work over years with high evidence; the whole process of mechano-
transmission is highly dynamic with numerous pathways interlocking.
Computational models are necessary to achieve the best possible approximation
of dynamic processes to improve understanding of cellular mechano-transduction.
The further work from Na [43] as an experimental study is one of the required
experimental studies, which confirms the mathematical models. Studies in this
direction have not taken place on infrasound-emitting technical sources.
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Fig. 7. Original description: Light microscopy (100x)—VAD patient
pericardium, with pericardial sac on right. Five (instead of the normal three)
layers are identifiable: (A) mesothelial, (B) internal fibrosa, (C) loose tissue,
(D) external fibrosa, and (E) epipericardium. The loose tissue is rich in
vessels. No inflammatory cellularity was identified in any of the five layers.
In both fibrous layers, wavy collagen bundles are visible, however the wave
length of fibres in layer B (internal fibrosa) is smaller than that in layer D
(external fibrosa). Taking together the increased amount of collagen
bundles, in wavy, accordion-like arrangements, with different orientations
in relation to each other, and with more than one elastic fibre
accompanying the bundles at seemingly perpendicular angles (seen
through electron microscopy, not shown), seems to suggest a pneumatic-
like structure, designed to absorb abnormally large external forces.
Similarly, this functional arrangement also explains why there is no
diastolic dysfunction, despite the thickened pericardial walls. (2) SEM of
non-VAD patient pericardium. Normal three layers are visible: mesothelium
(white arrow), fibrosa (black arrow) and epipericardium. (3) SEM of VAD
patient pericardium. Fibrosa has split into two halves (arrows) that
sandwich a newly formed layer of loose tissue (L). Note that the scale in
both (2) and (3) is the same. The wavy form of collagen bundles is a
mechanically energy-efficient method to deal with the movement that the
fibrosa must constantly undergo to follow the rhythm of the cardiac cycle.
Similar to an accordion, collagen bundles will extend and contract in
diastole and systole, respectively. However, during an episode of sudden
and violent tachycardia (common in VAD patients), this rhythm can be
greatly increased (up to 200 beats per minute, in a matter of seconds) and
the mechanical stress imposed on the MC monolayer may threaten its
structural integrity. One of the functions of the loose tissue layer must
certainly be blood and nutrient supply to this much larger organ. Remarks:
ultrastructure micrographs, obtained with scanning (SEM) and
transmission (TEM) electron microscopy. Pericardial wall in exposed and
non-exposed persons 1) exposed (Light microscopy) 2) non-exposed (SEM)
and 3) exposed (SEM) [59] Alves-Pereira M., Branco C. (2007) Vibroacoustic
disease: biological effects of infrasound and low-frequency noise
explained by mechano-transduction cellular signalling
http://www.sciencedirect.com/science/article/pii/S0079610706000927. Page
11 Fig 2. With permission
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4.5 Additional Extrinsic Regulation of Microcirculation

The influence of the extrinsic part on vasomotor function via the autonomic nervous
system is the variable part that strongly depends on the individual ability to
compensate for stress factors. It's an additional influencing factor that is probably
the reason why people in the same environment do not react in the same way in
their symptomatology. The following can be expected when comparing a short-
term stressor load with a permanent one: After an individual period, the
compensation possibilities of biological systems are exhausted.

Fig. 8. Original description (SEM) Non-exposed bronchial epithelium. The
BC in the center of the image exhibits a tuft of microvilli that are
individually identifiable, uniformly distributed, and sprouting upward into
the airway. Surrounding the BC are SC with microvilli of different sizes.
Tufts of cilia featuring vesicles are also visible. No sheared, shaggy, or
wilted cilia are visible SEM). No oedema is present. BC (brush cells), SC
(Secretory cells). Rat bronchial epithelium, exposed to 2160 h of
continuous IFLN

4.6 Proposed First Research and Methods

For further confirmation, we propose an experimental design with a determined
number of infrasound-exposed test persons in comparison to non-exposed
subjects. The positive group is exposed to a defined infrasound stressor in
frequency, sound pressure p in (Pa), time/effect profile (impulsiveness), and
duration. The design is double-blinded, in on/off design under the SDF-video-
microscopy technique, examining the sensible vasomotion and the flow
characteristics via the oral mucosa. Corresponding animal experiments are
conceivable about the assessment of direct vasomotor changes under infrasound
(e.g. in hamsters via the cheek). The indications of changes in animal behavior as
well as reproductive behavior in vertebrates and non-vertebrates would be a
meaningful addition and extension of further scientific clarification.

86



Medical Research and Its Applications Vol. 8
Chronic Infrasound Impact is Suspected of Causing Irregular Information via Endothelial Mechano-
transduction and Far-reaching Disturbance of Vascular Regulation in All Organisms

) STV
SR P

*"a’- s M

Fig. 9. Original description (SEM) Rat bronchial epithelium exposed to 2160
h of continuous ILFN. A BC is in the center of the image. Its microvilli are
not sprouting upward and, instead, have fused, forming a central
indentation that seems to be spreading outward. The prominent SC that
surround the BC are swollen forming deep valleys at the intercellular
junctions. SC microvilli are very irregular. Ciliary vesicles are visible.
Ultrastructure micrographs were obtained with scanning (SEM) and
transmission (TEM electron microscopy. BC (brush cells), SC (Secretory
cells). Rat bronchial epithelium, exposed to 2160 h of continuous IFLN

4.7 Importance of Our Research

Vascular health is strictly combined with NO bioavailability. Of great importance
for its maintenance, is the classification of possible damaging environmental
factors. The particularly sensitive population groups must be the bench. Our
hypothesis can help to define sensitive stages for mechano-transmission of deep
frequencies of “Noise”. Emissions of very low sound frequencies from technical
emitters endanger the health not only of humans but of all living organisms. This
represents a potential danger to the livelihoods of all organisms, which need to be
urgently classified and, if necessary, avoided.

5. ESTABLISHED METHODS TO ASSESS AND VISUALIZE
MICROCIRCULATORY PROCESSES

The microcirculation can be visualized in vivo on newborn babies via the skin, and
on adults via the oral mucosa [3]. Changes, especially in vasomotion, can be
detected immediately and are reproducible. Appropriate techniques are video
microscopy techniques such as SDF (side stream dark field) imaging. A better
visualization of the microcirculation in vivo has become possible [76]. The
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microcirculation in the context of diseases can be visualized and quantified
immediately after exposure to the stressor, as well as in its absence. Parameters
that are be specifically observed, include:

e The intact vasomotion in the first order

* Aninstantaneously changing in vasomotion under a defined stressor effect
e The functional blood vessel density (FVD) (mm/mm?)

e The red blood cell flow velocity (RBCV)

e The number of perfused capillaries (N/A) (n/mm?)

e The capillary vessel diameter (DM)

e The glycocalyx thickness in nm (conceivable for further research projects)

6. PROPOSED RESEARCH AVENUES AND QUESTIONS
REGARDING TARGET

» Under which defined conditions does noise with certain properties, affect
the endothelial mechano-transduction of signals at the cellular level (e.g.
membrane components, cytoskeleton) and/or the cell-cell interaction?

» Which mechano-sensors, defined structures, are specifically sensitive?
Which role do PIEZO-1 channels?

»  Which sound pressure is required at a certain frequency to obtain a transfer
response? Based on this: Below which frequency does a particular danger
for all living organisms exist (so-called cut-off frequency)?

»  Which specific role do resonance effects?

» What is the specified role of PIEZO-2 channels for the perception of deep
frequencies?

» Which parameters can be determined to demonstrate the emerging
imbalance of the redox system and at the same time distinguish the
aggravation of atherosclerosis in its causes?

7. CONCLUSIONS AND REQUIREMENTS

For the first time, the symptoms of chronically infrasound-exposed humans and
animals can be classified pathophysiologically in a coherent hypothesis. This has
been made possible by recent advances in the knowledge of endothelial mechano-
transduction, essential as a vascular function of vital character in response to
mechanical forces. Crucial cellular processes such as growth, differentiation,
migration, angiogenesis, redox homeostasis, and inflammation, are
simultaneously dependent on mechanical forces and the integrity of the
endothelium.

Normally, the flow of microcirculation is laminar and not variable. Persistent
changes in shear stress patterns, particularly oscillatory flow, have been
associated with decreased bioavailability of NO, an increase in reactive oxygen
species (ROS), higher lipoprotein oxidation rates, increased endothelial apoptosis,
pro-atherogenicity, chronic inflammation, and possible development of cancer.
With the crucial basics of mechano-transduction, there is now strong evidence with
obvious indicators for a possible interaction of infrasound, esp. with deep
frequencies and impulsive character, as have, e.g., IWTs or heat pumps.
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The elucidation of the strong dependency on mechano-transduction from the
frequency of “Noise” and the identification of actin filaments and microtubules as
“low-pass filters”, support our hypothesis. In this way, the propagation of sound
waves in the viscoelastic organism could become decodable information.
Regeneration, as would occur with a one-time or infrequent exposure, could not
take place with chronic impact. Initially, dysfunctions of the orchestrated vasomotor
system are to be expected, with prolonged exposure then anatomically
recognizable organ damage. Important in this context are the structural changes
that tend to be self-reinforcing, as described in the example of remodeling of the
heart. Consequently, the increasing loss of endothelial integrity with continued
exposure to a stressor, even in sensitive phases (e.g. pregnancy, inflammation),
means a major risk of dysregulation of vital life functions. Based on current
research, it will be possible to define low frequencies below a certain cut-off
frequency as dangerous for all living organisms. Many scientific questions remain
to be answered, but there is sufficient evidence to suggest that as precautionary
measurements, further technologies, involving very low frequencies and/or
impulsive emissions with potential impact on living organisms, should be better
avoided until all issues are scientifically resolved. The possible effects on insects,
which have not been clarified yet, could be of great importance, e.g., for
biodiversity and co-affection of pollinators and thus nutrition. If the number of
technical installations emitting ultra-low frequencies continues to increase, we
recognize a potential major threat to the entire biodiversity on land, in water, and
even underground through chronic vibration stress e.g. the affected edaphon.
What will that mean for affected landscapes, especially forests?

Inner organs are sensitive to sound and vibration. The current state of knowledge
on mechano-transduction together with known oscillatory and oxidative stress
effects, points in the direction of our hypothesis and should be the reason for
immediate precautionary actions and further research, based on this hypothesis.
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ABSTRACT

Introduction: Asepsis is the state of not being infected or coming into touch with
microbes. Surgical asepsis is a collection of certain techniques and procedures
carried out in closely monitored environments with the intention of reducing
pathogen contamination. It uses asepsis maximization and maintenance,
infection prevention for patients, and pathogen containment.

Objectives: The present study finds out the effectiveness of structured teaching
programme on knowledge and practice regarding surgical asepsis among 3rd-
year B.Sc Nursing students.

Materials and Methods: The research approach and design adopted for this
study is a quantitative pre-experimental one-group pre-test post-test design. The
study was conducted at the Faculty of Nursing, Assam down town University
among 3rd year B. Sc Nursing students. Fifty-seven (57 nos.) of 3rd year B. Sc.
Nursing students were selected by using a non-probability purposive sampling
technique. The tools used were a Self-Structured knowledge questionnaire (total
no. of items was 20) and an observational checklist to assess knowledge and
practice regarding surgical asepsis. Descriptive and Inferential statistics were
used to analyze the data. The frequency and percentage were calculated to
assess the knowledge and practice of the students.

Results: Results revealed that 46 nos. of students (80.70%) had average
knowledge and 11nos. (19.30%) had good knowledge whereas in the post test
after the implementation of the Structured Teaching Programme, 52nos.
(91.23%) had good knowledge and 5nos (8.77%) had average knowledge
regarding surgical asepsis. 54 nos. (94.74%) had moderate practice, 2nos of
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students (3.51%) had poor practice and 1 student (1.75%) had good practice and
in the post-test after the Structured Teaching Programme, 54nos. (94.74%) had
good practice and 3nos. (5.26%) had moderate practice regarding the two
aspects of surgical asepsis (Hand Scrubbing and Gloving). The study showed
highly significant differences between the pre-test and post-test of the study
group at p<0.01 for overall total nurses’ practices concerning aseptic techniques
in the operating room, this means there are high level of improvement in nurses’
practice for the study group between pre-test and post-test interventional
program about aseptic techniques in operating room.

Conclusion: A structured teaching programme was found to be effective in
improving the students’ knowledge which ultimately improves their practice in
surgical asepsis. Nursing Curriculum among the students and staff, especially
emphasizing its practice and maintenance will help to improve health and prevent
infection among patients thus optimizing quality care.

Keywords: Knowledge; practice; effectiveness; structured teaching programme;
surgical asepsis; 3rd year B.Sc. nursing students.

1. INTRODUCTION

Knowledge and practice of surgical asepsis are paramount in the field of
medicine, particularly in surgical procedures, for numerous critical reasons.
Firstly, strict adherence to aseptic techniques is imperative for preventing
infections. By meticulously maintaining a sterile environment, healthcare
professionals can significantly mitigate the risk of introducing harmful pathogens
into surgical wounds, thereby reducing the incidence of postoperative
complications. Secondly, prioritizing surgical asepsis ensures the safety of
patients undergoing surgical interventions. Given their vulnerable state, it is
essential to minimize any additional risks, such as surgical site infections, which
could compromise their health and impede recovery. Furthermore, proper aseptic
practices facilitate optimal wound healing by eliminating microorganisms that
could impede the body's natural healing processes, thereby promoting faster
recovery times and reducing the likelihood of complications.

Additionally, adhering to stringent aseptic protocols fulfills legal and ethical
obligations by ensuring that patients receive care that meets the highest
standards of safety and quality. Failure to uphold these standards can result in
serious consequences for both patients and healthcare providers. Moreover,
prioritizing surgical asepsis is cost-effective, as it helps minimize healthcare
expenditures associated with treating surgical site infections and other
complications. Furthermore, it is crucial for maintaining the professional
reputation of healthcare professionals and institutions, as it instills trust and
confidence in the quality of care provided.

The goal of the aseptic technique is to protect the patient by preventing or
minimizing postoperative infection by creating conditions and following
procedures to prevent the introduction of microbial contamination into the sterile
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fields, sterile equipment and the operative site [1]. The nurse as a member of the
health care team leads the rest of the team in practicing prevention strategies to
protect the patient from infection. Some of the most basic strategies resulting in
positive patient outcomes include; the practice and promotion of hand hygiene,
consistent use of aseptic techniques, cleaning and disinfection practices [1,2].

Pachori [3] conducted a descriptive study to assess the knowledge regarding
aseptic techniqgues among 3rd year GNM students of Manikaka Topawala
Institute, the findings of the study showed that there was a significant association
of pre-test knowledge with variables like age in years, attended training
programs, gender, and source of health information about aseptic techniques [3].

Surgical aseptic procedures are used to keep objects or areas sterile or
completely free from micro-organisms. Surgical asepsis is a ‘Sterile Technique’.
Over the years, approaches to teaching and assessing aseptic techniques have
changed greatly in every part of the world and India is no exception, which has
broadened the changes in nursing education [1]. The effectiveness of infection
control practices depends on nursing student’'s conscientiousness and
consistency in using effective aseptic techniques. It is human nature to forget key
procedural steps, or when hurried, to take short cuts that break aseptic
procedures. However, failure to comply with basic procedures places the client at
risk for an infection that can seriously impair recovery or lead to death. Regular
audits of aseptic techniques and education are needed to improve care [4,1].

1.1 Objectives of the Study

1. To assess the level of pre-test knowledge and practice regarding surgical
asepsis among 3rd year B. Sc Nursing students.

2. To find out the effectiveness of structured teaching programme on
knowledge and practice regarding surgical asepsis among 3rd-year B.Sc
Nursing students.

2. MATERIALS AND METHODS

A pre-experimental one-group pre-test post-test design was used for the study.
57 nos. of 3rd year B.Sc. Nursing students studying at the Faculty of Nursing,
Assam down town University, Guwahati, Assam were taken as the sample for the
study. The data collection period was from 20th February 2023 to 18th March
2023 [1]. Formal consent and permission from the authorities of Assam down
town University was taken prior to the data collection procedure. The tools used
for the study were a Structured knowledge questionnaire (Total no. of items was
20 questions) and a practice checklist of surgical hand-scrubbing and open
gloving. Descriptive and Inferential statistics were used to analyze the data. The
frequency and percentage were calculated to assess the knowledge and practice
of the students [1].
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Singh N, Rani M, Kumari P [5] conducted a descriptive study on assessment of
knowledge of staff nurses regarding aseptic techniques at selected hospitals of
Pikhuwa, Hapur.68 staff nurses were selected by using convenience sampling
technique from the selected hospital. Data were collected by using the structured
knowledge questionnaire. Findings showed maximum no. of staff nurses i.e. 43
(63.24%) were having average knowledge whereas 25 (36.76%) had knowledge
poor average regarding aseptic techniques [1]. The study concludes that as staff
nurses were not having adequate knowledge regarding aseptic techniques, there
is a need for proper educational programmes to enhance their knowledge of staff
nurses regarding aseptic techniques [5,1].

3. RESULTS AND DISCUSSION

3.1 Description of Knowledge and Practice Regarding Surgical
Asepsis

Table 1 reveals the frequency and percentage distribution of level of knowledge
regarding surgical asepsis among 3"-year B.Sc. Nursing students in the pretest
46 nos of students(80.70%) had average knowledge and 11nos (19.30%) had
good knowledge whereas in the post after the administration 52 nos(91.23%) had
good knowledge and 5n0s(8.77%) had average knowledge.

Table 1. Frequency and percentage distribution of pretest and post test
level of knowledge regarding surgical asepsis among 3™ year B.Sc.
Nursing students

Level of Knowledge Pretest Post Test
No. % No. %
Poor (=7) - - - -
Average (8 — 14) 46 80.70 5 8.77
Good (15 - 20) 11 19.30 52 91.23

The present study findings are supported by a study conducted by Pankaj D L,
Sunita T, Simi E P, Hamid M [6] to assess the effectiveness of planned teaching
programme on knowledge regarding the importance of aseptic techniques in
terms of pre-test [1]. The study was conducted at Krishna Hospital, Karad on 60
junior staff nurses who were selected by simple random sampling. The results
show pre-test mean score was 7.83 with an SD of 0.784 and post-test mean
score of 13.9 and an SD of 0.543. The mean difference was 6.117 and calculated
‘t’ value was 51.183 which is statistically significant at the level of p<0.001. The
study concluded that the planned teaching programmed was effective in
improving knowledge regarding the importance of aseptic techniques [6,1].

Table 2 represents the overall level of practice in the pretest to be, 54 nos of
students(94.74%) had moderate practice, 2 nos(3.51%) had poor practice and
1no.(1.75%) had good practice and in the post test after the intervention of STP,
54 nos(94.74%) had good practice and 3nos(5.26%) had moderate practice.
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Table 2. Frequency and percentage distribution of pretest and post test level of practice regarding surgical asepsis among 3™
year B.Sc. Nursing students

Practice Domains Level of Practice Pretest Post Test
f % f %
Surgical Hand Scrubbing  Poor Practice (£50%) 2 3.51 - -
Moderate Practice (51 — 75%) 55 96.49 1 1.75
Good Practice (>75%) - - 56 98.25
Open Gloving Poor Practice (£50%) 14 24.56 - -
Moderate Practice (51 — 75%) 37 64.91 11 19.30
Good Practice (>75%) 6 10.53 46 80.70
Overall Practice Poor Practice (£50%) 2 3.51 - -
Moderate Practice (51 — 75%) 54 94.74 3 5.26
Good Practice (>75%) 1 1.75 54 94.74

Table 3. Effect of structured teaching programme on knowledge and practice regarding surgical asepsis

Knowledge Mean S.D. Mean Difference Score ‘t’testvalue df ‘p’value Inference
Pretest 12.85 1.94 3.73 15.867 56 0.0001 Sxx

Post Test 16.59 1.54

Practice Pre Test Post Test  Mean Difference Score ‘t’ testvalue df ‘p’value Inference

Mean S.D Mean S.D

Surgical Hand Scrubbing 1092 1.04 1424 103 3.32 21.731 56 0.0001 SH**
Open Gloving 8.56 128 1166 1.38 3.10 16.477 0.0001 Sxx
Overall Practice 1949 179 2591 192 642 25.282 0.0001 S***

***n<0.001, S — Significant
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The Table 3 revealed that the mean score of knowledge among 3 year B.Sc.
Nursing students was 12.85+1.94 and the post test mean score of knowledge
was 16.59+1.54. The mean difference score was 3.73. The calculated paired ‘t’
test value of t = 15.867 was found to be statistically significant at p<0.001 level.
The mean score of overall practice on surgical asepsis among 3™ year B.Sc.
Nursing students was 19.49+1.79 and the post test mean score of practice was
25.91+1.92 [1]. The mean difference score was 6.42. The calculated pairedt’ test
value of t=25.282 was found to be statistically significant at p<0.001 level. These
findings clearly infer that the administration of the Structured Teaching
Programme on practice regarding surgical asepsis among 3™ year B.Sc Nursing
students were found to be effective in improving their level of knowledge and
practice in the post test [1].

The study findings are supported by a study conducted by Audah H R, Hassan H
S (2022) to evaluate the effectiveness of an interventional program on nurses’
practices regarding aseptic techniques in the operating room at Al-Diwaniya
Teaching Hospital. A quasi experimental design was used and the sampling
technique was a purposive sample technique comprising 60 nurses who had
been working in the OT [1]. The nurses were divided into two groups, study and
control group. The study showed highly significant differences between pre-test
and post-test of the study group at p<0.01 for overall total nurses’ practices
concerning aseptic techniques in the operating room, this means there are high
level of improvement in nurses’ practice for the study group between pre-test and
post-test interventional program about aseptic techniques in the operating room
[7.1].

A similar study was conducted by Kalyani V, Rajini, (2016) to assess the
effectiveness of a structured teaching program on the level of knowledge
regarding infection control practices among staff nurses working in critical care
units of Shir Mahant Indiresh Multispeciality Hospital, Dehradun. The overall pre
test and post test mean knowledge was found to be 31.46 and 43.56%
respectively indicating the enhancement knowledge as 12% paired ‘t’ test shows
statistical significance at 5% level (p 0.05) shows there is a strong association
between the pre and post test level of knowledge of the experimental group that
establishes the impact of structured teaching programme on infection control
practices among staff nurses. [8,1].

4. CONCLUSION

The present study was conducted to assess the effectiveness of a structured
teaching programme on knowledge and practice regarding surgical asepsis
among 3" year B. Sc. Nursing students in a selected Nursing College, Guwahati,
Assam [1]. The findings revealed that the administration of a structured teaching
programme on knowledge and practice regarding surgical asepsis among 3™
year B.Sc Nursing Students were found to be effective in improving their level of
knowledge and practice in the post test. If we can include the knowledge and
practice of surgical asepsis as a crucial factor in the Nursing Curriculum among
the students and staff, especially emphasizing its practice and maintenance that
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will help to improve health and prevent infection among patients thus optimizing
quality care [1].
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ABSTRACT

Aim: This study aims to assess the average freeway space among fully dentate
individuals during rest and occlusion across different facial forms.

Background: The freeway space (FWS), or interocclusal distance, is determined
by the balance between the elevator and depressor muscles attached to the
mandible, and the “elastic” nature of the surrounding soft tissue in natural dentition.
Lower one-third of the face can have far-reaching effects on facial aesthetics, not
only on the peri-oral areas but also on the entire face. Mandibular posture greatly
depends on head posture.

Materials and Methods: Fifty subjects from each of three facial form groups-
square, taper, and oval- with a complete set of maxillary and mandibular arch
teeth, aged between 25 to 40 years, were included. Equal numbers of males and
females were represented in all groups. Vertical height at rest and occlusion was
recorded using standardized procedures and freeway space (FWS) was measured
Results: Statistical analysis of the collected data revealed mean and median
values for each facial form: square (3, 2.32), taper (2.62, 2), and ovoid (2.68, 2),
respectively. No significant differences were observed between these readings (P
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< 0.05). However, 9% of the individuals exhibited the FWS range of 5—6 mm with
measurements ranging from 1 and 7 mm, respectively. Notably, the majority (56%)
of the square facial form subjects displayed an FWS range of 3—4 mm.
Conclusion: This study provides insights into the average inter-arch space across
various facial forms, indicating a measurement typically exceeding 3—4 mm. The
future prospective of this study is that evaluating the FWS in edentulous patients
with an increased number of subjects would definitely increase the clarity.

Keywords: Dentulous; facial form; freeway space; jaw relation; vertical
dimension.

1. INTRODUCTION

The provision of freeway space (FWS) in the design of full dentures has long been
recognized as one of the chief prerequisites for comfort and optimum function.
FWS can be expressed as a gap that occurs in the vertical dimension, separating
the position that the mandible assumes in space when it is at rest and its spatial
position when the teeth are brought into contact [1,2]. Individuals with natural
dentition, demonstrate a space between the occlusalsurfaces of the teeth, with
that of the opposing jaw, when both the jaws are in the rest position [3]. This
freeway space,or interocclusal distance, is determined by the balance between
the elevator and depressor muscles attached to the mandible, and the “elastic”
nature of the surrounding soft tissue in a natural dentition [3,4]. FWS is measured
by noting the difference between the resting vertical dimension (RVD)of the face
and the vertical dimensionof occlusion (OVD) with the teeth in 2-4 mm for
elderly patients, and patientswith atrophic mucosa overlying the residual ridge [5-
10,4]. It is also recommended that an increase in FWS by a further 2-3 mm is
acceptable, in cases where a reduction inloading of the underlying tissues is
needed. Incorrect registration of the FWS may resultin loss of facial proportions,
insufficient mastication, dysphagia, trauma, resulting in loss of alveolar ridges,
tightness of facialmuscles, clicking of dentures during the speech, cheek biting
soreness of corners of the mouth (angular cheilitis) and pain in the
temporomandibular joint (TMJ) [11-13,4].

A few common methods of recording the FWS in edentulous patients are by
using dividers (or millimeter rule or tongue depressor) [7-9,14,15], Willis gauge
[7,14,15], speechtests [15-18], general appearance [19], patientopinion [18], and
swallowing [16].

Using caliper for measuring OVD was shownto be significantly more accurate than the
Willis method [10]. Accurate assessment of FWS is essential to ensure success in
complete denturefabrication [10,4]. Lower one-third of the face can have far-reaching
effects on facial aesthetics, not only on the peri-oral areas but also on theentire face.
Mandibular posture greatly depends on head posture. Thus, it is compulsory to state
if the subjectis in RVD or in OVD with the teeth in contact [4]. A seated or supine
position may also influence the posture, as the habitual mandibular position is
determined by the stiffness that results from the postural muscle tone acting on the
mandible. Thus, the facial form of individuals has to be taken into consideration
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while measuring FWS [11,4]. This study aimed to evaluate the FWS of dentate
subjects with different facial forms and tocompare with the recommended range for
edentulous patients.

2. MATERIALS AND METHODS

The study design was conducted which was approved by the institutional ethical
committee and informed consent was obtained by each subject. Based on the
three facial forms, square, taper and oval, fifty subjects in each group were
selected with an equal number of males and females, a total of 150 subjects
[4].The subjects included in this study were based on criteriaof fully dentate in
the maxillary and mandibular arch, without any history of orthodontic treatment, no
extensive restoration of the dentition, no history of TMJ problem, and no head
and neck injury [20]. The criteria for the selection offacial form was based on the
lines joining the imaginary horizontal lines such as the interpupillary line, inter
zygomatic line and a line passing through the base of the chin together with
lines passing through the side of the face of an individual were taken to differentiate
the facial forms of individuals [Fig. 1], [21,4]. To avoid the influence of muscle
fatiguability on the FWS, all the recordings were made inthe morning [22]. Using
Niswonger and Thompson’s method,vertical height at rest and occlusion were
recorded in every subject of all three groups. Physiologic rest positioncan be
achieved using the Niswongers method [23,4].

Square Taper Ovoid

Fig. 1. Measurement of different facial forms

A digital caliper was used to avoid any errors while measuringthe FWS [Fig. 2],
[24]. Two skin markings were made onthe subject's face. The first marking was
made by sticking a triangular-shaped adhesive tape on the most prominent point
of the nose. The second mark was made by sticking the same shaped adhesive
tape on the most prominent point on the chin [25]. Then two pointers of the caliper
were held on these points. Readings were obtained [4]. For the more consecutive
readings, the digital caliper was again brought to the “0” reading andagain opened
to make the next reading. The rest and occlusalface heights were then measured
between these two dots using a digital caliper [4]. The FWS was obtained, by
calculating the difference between vertical height and rest and at occlusal. The
operator repeated each procedure 10 times for measuring to assess the
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reproducibility of the results. The vertical dimension (VD) at rest and at occlusion
was confirmed withthe TMJ view radiograph [Fig. 3] [4]. The obtained data were
analyzed using the Wilcoxon signed ranks test.

Fig. 2. Extra oral method of measuring the vertical height

Fig. 3. Temporomandibular joint view radiograph at rest and at occlusion

VDO

3. RESULTS

Statistical analysis was performed using the SPSS statistical software, version
17.0 (SPSS Inc.,233 South Wacker Drive, 11th Floor, Chicago, IL). Descriptive
statistics such as the ANOVA test were used for statistical analysis. Table 1 shows
the mean and median for each facial form subjects, square facial form (3, 2.32),
taper facial form (2.62, 2), and ovoid facial form (2.68, 2) [4]. No significant
difference between any of the readings was obtained. No statistically significant
differences were seen between each facial form. However, 9% of the individuals
showed the FWS range of 5-6 mm. The lowest and highest FWS measurements
were 1 and7 mm, respectively. Fifty-six percent of square facial form subjects
showed an increase in freeway space of 3-4 mm, when compared to other facial
forms [4].
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Facial  Subjects with freeway Subjects with freeway Subjects with freeway Total number  Mean Media P
forms  spaceof 1-2 mm space of 3-4 mm space of 5-6 mm of subjects n

Square 23 22 7 50 3 2.32 0.091
Taper 27 19 4 50 2.62 2 0.840
Ovoid 23 24 2 50 2.68 2 0.129
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4. DISCUSSION

Patients with natural dentition have been found to havean interocclusal
distance varying from 1 to 10 mm. As a general rule, a greater amount of
interocclusal distance is provided as the age of complete denture patients
increases [26,27]. One of the important, yet elusive steps in complete denture
fabrication is the correct establishmentof VD remains empirical and arbitrary
because there is no scientific or absolutely reliable technique available for the
determination of VD [4]. Boucher [12] noted that if the VD is too great the patient
may complain of soreness of residual ridges, tightness of facial muscles, and
clicking of the dentures during speech and if it is too small, the patientwill look
older as the lower half of the face is compressed, the cheeks and lips are slack,
and the chin protrudes [12,4].

When selecting the best method to determine VD, criteria to be considered are
accuracy, repeatability, consistency of the measurement, adaptability of the
technique type, complexity of the technique needed, and the length of time
required to secure the measurements [28,29]. Despite several methods to
determine the VD, the use of facial reference points is still a popular method in
clinical practice [4].Hence, the digital caliper method has been studied [29,30].
Many investigators have suggested various methods for the estimation of vertical
dimensions of occlusion (VDO). Niswonger suggested interocclusal or FWS as a
guide to determine the VDO, but short- and long-term variations have been
reported [28-30,4]. The mean measurements of FWSof dentate subjects with
different facial forms were within the recommended range (2-4) mm for
edentulous patients.A 2—4 mm recommended FWS for edentulous patients would
seem to be the mean range required with only 9% of the subjects in the study
having overall mean measurements higher than this recommended range [4].
Similar to a study, which shows 16% of the subjects with these values [25]. This
16% is notignorable. Lamb stated that dentate patients showed a vertical range of
2-9 mm in the anterior teeth region, but stated that dentures would function
satisfactorily with an FWS range of 2-5 mm [9]. Johnson et al. suggested arange
of 2—6 mm [20], similarly, Johnson et al. also suggested a range of 2-7 mm of
FWS in their study [25,4].

The result of the study recommends that the range for FWS measurement could
more realistically be 2—7 mm and thata less rigid, narrow range be recommended,
the important feature being that there should be an FWS, sufficient to provide
comfort during function and speech [4]. There was no significant difference
between each facial form, althoughthe square facial form group, showed the
FWS rangeof 3—-4 mm. This could be explained by the potential for considering
the facial form while keeping the FWS in edentulous patients. This 56% of the
square facial formindividuals who had shown the FWS of 3—-4 mm is not ignorable
[4].

Studies have shown that the individuals with square facial form showed increased

masticatory function [31]. Sheppardand Sheppard suggested that the average rest
space would be 6.15 mm, provided the patient is one whose mandibular rest
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position is increased with the insertion of dentures. While this unplanned addition
to the rest space may be a safety factor, it is apparently possible to obtain over the
closure of the OVD, when the increase in mandibular opening upon insertion of
the dentures (downshifting) is greater than the average of 3.15 mm. FWS of 7—
13.8 mm would tend to indicate this possibility [32,4]. The subjects used in this
study were aged 25-40. It is suggested that, as we age our FWS increases
(because of tooth wear and loss of muscle tone, etc.), therefore it is reasonable to
suggest that FWS be at the higher end of the recommended range for the older
complete denture patient. This study strongly recommends correlating dentate
subjects with edentulous subjects, 2-3 mm FWS is amisnomer as we are following
now [4].

VD at rest and at occlusion position was confirmed withthe radiograph as we
all know once growth is complete, maintenance of the OVD is determined by the
adaptive capacity of the biological system to insult or injury. Adaptive responses
can occur within the TMJ, the periodontium, and the dental occlusion [33,4].

5. CONCLUSION

Facial forms influence the FWS of individuals and needto be taken into
consideration. It should be emphasized that measurements are merely guidelines
and good judgment should prevail. The future prospective of this study is that
evaluating the FWS in edentulous patients with an increased number of subjects
would definitely increase the clarity [4].
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ABSTRACT

Background and Objective: Total knee arthroplasty (TKA) is an established
surgical procedure that can relieve knee pain, enhance knee function, and
improve the patient quality of life. The primary objective of this study is to clarify
the long-term cumulative survival rate (CSR) and standardized mortality ratio
(SMR) of rheumatoid arthritis (RA) and osteoarthritis (OA) patients who
underwent total knee arthroplasty (TKA).

Method: Data for 325 RA and OA patients with 460 primary TKAs from 1997 to
2007 were reviewed. We divided the patients into <70 years (u70) and 271 years
(071) groups. The follow-up duration in the RA group (n=118) was 12.8+4.8
years vs 13.0+4.1 years in the OA group (n=207). The Cumulative Survival Rate
was estimated using the Kaplan—Meier method.

Results: The SMR of the female RA patients was 1.97 (95%CI 0.96-3.89) after 5
years and 4.59 (95%Cl 3.44-6.10) after 20 years. The SMR in female OA
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patients was 0.41 (95%CI 0.17-0.93) after 5 years and 1.31 (95%CI 0.996-1.73)
after 20 years.

The 20-year CSR of female RA-071 patients was lowest with 9.6 (95%CI 0-26).
There was no significant difference in CSR between the RA-u70 and OA-071
groups. The CSR in the OA-u70 group was highest with 77.8 (95%Cl 0.62-0.93).
Cox proportional hazards model analysis of female patients showed that steroid-
use [Hazard ratio (HR) 3.22, 95%CIl 1.32-13.46], age (HR 1.09, 95%CI 1.05-
1.30), and rheumatoid factor (HR 1.002, 95%CI 1.00-1.01) were risk factors in
the RA-u70 group.

In the RA-071 group, steroid use (HR 4.71, 95%CI 1.35-16.7), age (HR 1.38,
95%Cl 1.12-1.71) and C-reactive protein (HR 1.20, 95%CI 1.02-1.41) were risk
factors, whereas in the OA group, only age at surgery (HR 1.10, 95%CI 1.033-
1.163) was a risk factor.

Conclusion: The study concluded that CSR was higher in patients with OA
versus RA. SMR of female patients was high in RA and low after 5 years in OA.
RA-u70 patients had a similar cumulative survival curve as OA-071. The CSR of
RA-071 patients was poor. The preoperative factors affecting survival differed
between u-70 and 0-71 in RA.

Keywords: Survival rate; standardized mortality ratio; total knee arthroplasty;
rheumatoid arthritis; osteoarthritis.

ABBREVIATION

Cl . Confidence Interval;

CR . Cruciate Retention;

CRP . C Reactive Protein;

CSR : Cumulative Survival Rate;
FTA . Femorotibial Angle;

JOA . Japanese Orthopaedic Association;
MTX . Methotrexate;

OA . Osteoarthritis;

o071 . Over 71 years old;

Pts . Patients;

RA . Rheumatoid Arthritis;

RF . Rheumatoid Factor;

ROM : Range of Motion;

SMR : Standardized Mortality Rate;
TKA : Total knee arthroplasty;

u70 . Under 70 years old;

y . year.

1. INTRODUCTION

Knee joints destroyed by osteoarthritis (OA) or rheumatoid arthritis (RA) are
reconstructed with total knee arthroplasty (TKA). TKA is one of the most common
surgeries performed to relieve joint pain in patients with end-stage osteoarthritis
or rheumatic arthritis of the knee [1]. It is an established surgical procedure that
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can relieve knee pain, enhance knee function, and improve the patient's quality
of life.

The global life expectancy is increasing [2] and the number of older people
undergoing TKA has also increased; TKAs are now performed in a wide range of
age groups. It has been associated with notable improvements in health-related
quality of life of patients with end-stage knee arthritis [3]. For physicians and patients,
it is very important to have information regarding knee function after TKA as well
as survival data in patients with RA and OA who have undergone TKA [4].
Previous studies comparing survival rates after TKA in patients with RA and OA
reported a low survival rate with RA [5-8]. On the contrary, the reported survival
rate after TKA in patients with OA was high [9-12], approximately the same
[13,14], or lower [15,16] compared with that in the general population. However,
there are no reports comparing the survival rate after TKA in elderly patients with
RA and OA [4].

The purpose of this study was to clarify the long-term cumulative survival rate
(CSR) and the standardized mortality ratio (SMR) of patients with OA and RA
who underwent TKA and to evaluate survival rates after TKA in elderly patients.

2. METHODS AND PATIENTS

In this retrospective study, data for 328 consecutive patients with RA and OA with
460 primary TKAs from 22 August 1997 to 17 December 2007 were reviewed. All
surgeries were performed by a single surgeon in a hospital under general
anesthesia, and all patients were medically treated by a single physician. The
study period was when methotrexate and biologics were introduced as RA drug
therapies in Japan [4].

The patients were followed until 30 August 2018 or until death. We evaluated 118
patients (169 joints) with RA and 207 patients (286 joints) with OA. We excluded
3 patients with OA (5 joints) because these patients changed to another clinic
and could not be contacted within 1 year after TKA. All RA patients fulfilled 1987
revised American College of Rheumatology criteria for RA [17]. OA patients were
assessed as grade 3 or 4 by the Kellgren—Laurence classification of the knee
[18].

As the mean age at surgery for all 325 patients was 69.6 (SD 8.7) years, we
divided the patients into two groups: < 70 years (u70) and = 71 years old (071)
[4,12].

2.1 Evaluation Methods

The influence on the survival rate at the time of age of operation, preoperative
height, weight, body mass index (BMI), Japanese Orthopaedic Association (JOA)
knee score [19], bilateral replacement, knee joint range of motion (ROM), and
femorotibial angle (FTA) on standing radiographs was investigated and
compared between the RA group and the OA group, and between subgroups u70
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and o71. The effect of preoperative serum C-reactive protein (CRP)
concentration, tender joint counts, swollen joint count, rheumatoid factor (RF),
and the use of methotrexate (MTX), corticosteroids, and/or biologic agents just
before TKA on the survival rate was investigated in the patients with RA [4].

Forty-three patients with RA and 75 patients with OA were evaluated by direct
examination. We also conducted telephone surveys and a letter survey to
determine the live status of 21 patients with RA and 65 patients with OA who had
stopped visiting our clinic. Fifty-four patients with RA and 67 patients with OA had
died at the end of the study period, and in these patients, two medical clerks
contacted the patients’ families to determine the date and cause of death.

2.2 Implants and Operations

The prosthesis used in all patients was the Genesis 2 (Smith & Nephew,
Memphis, TN, USA) [20], which was introduced into our country in August 1997
[4]. The TKA prostheses were the cruciate-retaining type in 147 implants (85.8%)
in patients with RA and in 240 implants (71.3%) in OA patients; the posterior-
stabilized type in 22 implants with RA and in 46 implants with OA; and the revision
type in 1 implant with RA. The patella was replaced with an inset convex patella in
all but three knees of two patients with RA.

All TKAs were performed by one surgeon at one institution, and postoperative
follow-up and RA medical treatment were performed by the same surgeon since he
is also a board-certified rheumatologist approved by the Japanese Rheumatology
Association.

2.3 Statistical Analysis

The CSR was estimated using the Kaplan—Meier method. Preoperative variables
were compared between living and dead patients in each of the four subgroups
using the Cox proportional hazard model [4]. As appropriate, statistical analyzes
were performed using univariate and multivariate regression models, Student’s t
test, the Chi-square test, and one-way ANOVA followed by Bonferroni post hoc.
For all statistical analyses, p<0.05 was considered to indicate significance.
Details of the results of the statistical analysis are given in the supplementary
data.

The expected mortality rate was calculated from the age- and sex-specific
Japanese population rates from 1977 to 2007 [21]. SMR was calculated by
dividing the observed number of deaths by the expected number of deaths.
Results are expressed as SMR with the associated 95% confidence interval. All
statistical analyzes were performed with the Bell curve for Excel (version 3.20)
(Social Survey Research Information) [4].

3. RESULTS

3.1 Overall Outcome

The mean age at surgery for the 118 patients in the RA group was 64.6 (10.3)
years, and the mean age for the 207 patients in the OA group was 72.9 (5.8)
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years. Table 1 and Supplementary Table S1 show the variable data for the RA
and OA groups, each divided into u70 and 071 subgroups [4]. With the reference
to report of Hunt et al. [12], we divided the patients into two age groups. Females
accounted for more than 80% of the patients in all four groups. The mean age at
surgery of the RA-u70 group (58.9 years) was significantly younger than the age
of the other three groups. The mean ages of the RA-071 and OA-071 groups were
74.6 years and 76.2 years, respectively. The mean age at the incidence of RA for
the female u70 group was 43.1 (12.6) and 60.8 (8.7) years for the female 071
group (Table 1 and supplementary Table S1).

Body weight and BMI were higher in the OA group. The number of patients with
bilateral TKA in the RA-u70 group was significantly higher than in the OA-u70
group [4]. The range of motion was worse in the RA-u70 group than in the OA
group, and the JOA score in the RA-071 group was higher than in the RA-u70
and OA-071 groups. The FTA was largerin the OA group than in the RA group.

Table 1. Variable of RA-u70, RA-071, OA-u70 and OA-071 groups

RA-u70 RA-071 OA-u70 OA-071
Patients (joints) 75 (111) 43 (58) 67 (83) 140(203)
Female (%) 66 (88.0) 40 (93.0) 56 (82.8) 131 (92.9)
Age at operation (y) 58.9+8.5 74.6£2.7 66.5+3.8 76.2+3.7
Height 155.4+7.4 150.5+7.4 154.7¢8.0 151.2+6.7
Body weight 51.0+9.7 47.9+7.7 62.2+10.7 56.3%+8.9
BMI 21.1+3.4 21.1+2.6 25.9£3.6 24.6£3.2
Bilateral TKA (pts) 38 (50.7%) 13(30.2%) 21 (31.3%) 61 (43.6%)
CR type 93 (83.8%) 54 (93.1) 68 (82.0%) 172 (84.7%)
ROM 90.2£31.7 98.5+25.1 103.6+18.1 106.3+18.1
JOA total score 46.2+13.1 51.9+8.9 48.5+11.2  47.5+10.0
FTA 174.9+8.0 177.616.9 186.5+6.4 186.3+6.8
Follow-up period (y) 14.0+4.5 10.8+4.5 14.7+4.1 12.1+3.9
Death patients (female) 27 (25) 27 (25) 17 (112) 50 (46)
Age at death 71.8+7.2 84.4+5.6 79.945.3 87.1+5.8

CR: cruciate retention, FTA; femorotibial angle, JOA; Japanese Orthopaedic Assaciation,
OA,; Osteoarthritis, 071; over 71 years old, pts; patients, RA; rheumatoid arthritis, ROM;
range of motion, TKA,; total knee arthroplasty, u70; under 70 years old, y; year

The duration of follow-up in the RA group was 12.8 (4.8) years and 13.0 (4.1)
years in the OA group (p =0.7195). The RA- and OA-u70 groups had longer follow-
up durations thanthe RA- and OA-071 groups [4].

The TKA Revision was performed in 4 joints (2.4%) in the RA group and 7 joints
(2.4%) in the OA group. The causes of revision constituted two mechanical
loosenings, one late infection, and one fracture in the RA group, and three late
infections, two fractures, one dislocation, and pain in the OA group. The 21-year
CSR after TKA was 97.0% for both the RA and OA groups. CSR were 97.7%,
96.2%, 95.8%, and 97.9% in the RA-u70, RA-071, OA-u70, and OA-071 groups,
respectively (log-rank test: p= 0.7718).
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3.2 Age and Cause of Death

During follow-up, 54 (45.8%) of the 118 patients in the RA group and 67 (32.4%)
of the 207 patients in the OA group died. In particular, 27 (62.8%) patients in the
RA-071 group died, which was the highest rate in the four groups (Table 1 and
supplementary data) [4].

The mean age at death was 78.1 (9.0) years in the RA group and 85.3 (6.5) years
in the OA group (p <0.001). When comparing the mean age at death of female
patients in the four groups, the RA-u70 group was younger than the other three
groups; the mean age at death in the RA-071 group was not different from that in
the OA groups (Table 1). The period from surgery to death of female patients is
RA-u70 group 9.8 (4.2), RA-071 group 9.5 (4.6), OA-u70 group 11.1 (5.8) and
OA-071 group 10.2 (3.7) years.

The causes of death were respiratory diseases (n=5) and infectious diseases
(n=4) in the RA-u70 group, and respiratory diseases (n=6), senile dementia
(n=7), and malignant tumors (n=5) in the RA-071 group. Malignant tumors (n=8)
were common in the OA-u70 group, and cardiovascular disease (n=15), senile
dementia (n=11), and malignant tumors (n=9) were causes in the OA-071 group.
Other deaths due to renal dysfunction (n=3) and multiple organ failure (n=2) were
observed in the RA-u70 group, but not in the RA-071 and OA groups [4].

The mortality rate in the RA group was 35.7 per 1000 person-years (95% CI:
26.2-45.2) and 25.2 per 1000 person-years (95% CI: 19.2-31.2) in the OA group.
When comparing mortality rates in the four groups, the highest mortality rate
occurred in the RA-071 group at 58.2 per 1000 person-years (95% Cl: 26.9-89.5).
The rate in the RA-u70 group was 25.7 per 1000 person-years (95% CI: 11.9—
39.6); OA-u70: 17.2 per 1000 person-years (95% CI: 9.0-25.4) and OA-071: 29.8
per 1000 person-years (95% CI: 21.6-37.9).

Only two patients died within 1 year after TKA. None of the patients died from
TKA surgery-related complications.

3.3 Comparison of the SMRs

The age- and sex-specific SMR of patients after the primary TKA was calculated
according to the Japanese demographics from 1997 to 2015 (Table 2) [21]. In
female patients, the SMR of the RA group was as high as 1.97 after 5 years, 3.49
after 10 years and 4.59 after 20 years (Table 2) [4]. The SMR of the female OA
group was 0.41 after 5 years, which was lower than that of the general
population, and 1.15 after 15 years and 1.31 after 20 years.

Although a small number of male patients were analyzed, the SMR after 5 years
was 0.92 for the RA group and 0.71 for the OA groups. Twenty years after TKA,
the SMR for male RA patients was 1.42 and that for male OA patients was 2.03
[4].

121



Medical Research and Its Applications Vol. 8
Comparison of Long-term Cumulative Survival Rate and Standardized Mortality Ratio After Total Knee Arthroplasty in Patients with Rheumatoid Arthritis and Osteoarthritis

Table 2. Standardized mortality rates every 5 years for each sex and each group

Female RA Male RA

Years SMR 95% ClI Observed deaths Expected death SMR  95% CI Observed deaths Expected death
5 1.97 0.96-3.89 9 4.56 0.92 0.0559 1 1.09
10 3.49 2.38-5.08 29 8.32 093 0.16-3.75 2 2.15
15 4.02 2.93-5.49 42 10.44 142 0.46-3.92 4 2.81
20 4.59 3.44-6.10 50 10.90 1.42 0.46-3.91 4 2.81

Female OA Male OA

5 0.41 0.17-0.93 6 14.77 0.71 0.12-285 2 2.83
10 0.82 0.54-1.23 25 30.61 158 0.73-3.24 8 5.07
15 1.15 0.84-1.55 45 39.31 1.88 0.99-3.48 11 5.84
20 1.31 0.996-1.73 54 41.11 2.03 1.10-365 12 5.92

Cl; confidence interval, OA; osteoarthritis, RA; rheumatoid arthritis, SMR; standardized mortality rate

Table 3. Cumulative survival rates every 5 years of female patients with RA and OA, and subdividing groupswere estimated by
the Kaplan-Meire method

Age at TKA 5yrs (95%Cl) 10 yrs (95%CI) 15 yrs (95%Cl) 20 yrs (95%Cl)
RA (n=106) 64.7+10.4 91.5 (86-96) 74.6 (66-82) 57.3 (47-67) 41.9 (30-54)
OA (n=187) 73.0+5.8 96.8 (94-97) 87.4 (83-92) 72.6 (66-80) 57.0 (45-69)
RA-u70 58.748.8 95.5 (90-100) 75.8 (65-86) 66.5 (54-78) 55.5 (41-70)
RA-071 74.5+2.6 85.0 (74-96) 67.5 (52-82) 38.2 (19-57) 9.6 (0-26)
OA-u70 66.3+4.0 96.4 (92-100) 94.6 (89-100) 87.1 (77-97) 77.8 (62-93)
OA-071 75.9+3.7 97.0 (94-100) 84.2 (78-91) 66.3 (57-75) 44.8 (28-61)
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3.4 Comparison of the CSRs

Fig. 1 shows the CSRs of female patients with RA and OA up to 20 years after
surgery. Table 3 and Supplementary Table S2 compare the CSR every 5 years
up to 20 years. The OA group had a higher survival rate than the RA group over
the course of follow-up, and the CSR after 20 years was 41.9% in the RA group
and 57.0% in the OA group (Fig. 1 and Table 3) [4].

The CSRs of female patients with RA and OA divided into the u70 and 071 groups
are shown in Fig. 2, Table 3 and Supplementary Table S2 [4]. The OA-u70 group
had the highest survival rate of the four groups, and the RA-071 group had the
lowest. There was no significant difference in CSR between RA-u70 and OA-071
over the course of the follow-up.

The CSR of the female RA group was lower than that of the female OA group. The
5-year survival rates of the RA-u70, OA-u70, and OA-071 groups were = 90%,
with no significant differences between the groups. The survival rate of the OA-
071 group was lower than that of the OA-u70 group 15 and 20 years after TKA
[22-24].
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Fig. 1. Cumulative survival curve of female patients withrheumatoid
arthritis and osteoarthritis
OA: osteoarthritis, RA: rheumatoid arthritis, log-rank test 0.005

3.5 Risk Factors for Mortality

The preoperative factors that affect mortality were investigated using the Cox
proportional hazards model. In the RA group, age at TKA, RF titer, and steroid
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use were risk factors for mortality. CRP, MTX, and biological use were not
influential factors.

When the hazard risk ratio was analyzed by dividing female patients with RA into
u70 and o071 groups, in u70 group, age, RF titer and steroid use were risk factors
(Table 4) [4]. However, in the 071 group, age, steroid use, and CRP were risk
factors, and RF titer was not (Table 5).
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Fig. 2. Cumulative survival curves of female patients with RA and OA
divided into the u70 and 071 groups
OA: osteoarthritis, RA; rheumatoid arthritis, u70; under 70 years old,071; over 71 years old

In the female OA group, age at surgery was the only risk factor (Table 6) [4].
However, there was no influencing factor for all items, including age at surgery in
the u70 and 071 groups. Additionally, preoperative height, weight, bilateral TKA,
ROM, FTA, and JOA scores did not affect mortality in the four groups.

4. DISCUSSION

The most important findings of this study are that the survival rate 20 years after
TKA was significantly lower in the RA group than in the OA group (Fig. 1, Table
3). There was no significant difference in CSR between the RA-u70 group and
the OA-071 group. The survival curve for RA-u70 was similar to that of OA-071.

The SMR of the female RA group was as high as 1.97 after 5 years, 3.49 after 10

years, and 4.59 after 20 years (Table 2). The SMR of the female OA group was
0.41 after 5 years, 1.15after 15 years, and 1.31 after 20 years [25-34,4].
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Table 4. Analysis of preoperative clinical data of female RA patients under 70 years by Cox Proportional Hazard Model

Pre-operative variable data 41 survivals (M+SD) 25 deaths (M+SD) Hazard ratio 95% ClI P value
Age at operation 56.61+9.3 62.246.7 1.093 1.05-1.30 0.004
Height (cm) 154.5+6.1 152.846.9 1.022 0.97-1.15 0.223
Body weight (kg) 52.549.5 45.848.1 0.983 0.90-1.02 0.196
Unilateral:1, bilateral:2 1.5+0.5 1.6+0.5 0.631 0.49-3.76 0.559
ROM (degree) 83.7+37.1 97.4+24.1 1.010 0.99-1.02 0.922
JOA total score 46.6+13.8 44.0£12.0 0.999 0.96-1.03 0.885
FTA 174.347.6 175.4+9.0 1.007 0.95-1.10 0.594
rheumatoid factor (IU/mL) 114.04£122.1 279.4+267.2 1.002 1.00-1.01 <0.001
MTX-use (0:no, 1: use) 0.7£0.5 0.5+£0.5 0.601 0.32-1.94 0.609
steroid-use (0:no, 1: use) 0.5+£0.5 0.8+£0.4 3.221 1.32-13.46 0.015
Biologic-use (0:no, 1: use) 0.17+0.38 0.0 unable to evaluate

CRP (mg/dL) 3.4+3.5 4.3+3.8 1.070 0.92-1.21 0.463
tender joint count 6.317.9 7.618.1 1.039 0.88-1.04 0.294
swollen joint count 11.048.5 12.448.9 0.961 0.94-1.11 0.684

CRP; C reactive protein, FTA; femorotibial angle, JOA; Japanese orthopaedic association, MTX; methotrexate, OA; Osteoarthritis, RA; rheumatoid

arthritis, ROM; range of motion
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Table 5. Analysis of preoperative clinical data of female RA patients over 71 years by Cox Proportional Hazard Model

Pre-operative variable data 15 survivals (M+SD) 25 deaths (M+SD) Hazard ratio 95% ClI P value
Age at operation 73.5£2.3 75.0£2.6 1.3845 1.12-1.71 0.002
Height (cm) 151.74#5.8 148.0+6.5 0.9149 0.79-1.05 0.219
Body weight (kg) 50.1+8.1 45.5+7.0 1.0263 0.91-1.16 0.676
Unilateral:1, bilateral:2 1.3+0.5 1.3+0.5 0.3220 0.09-1.12 0.075
ROM (degree) 98.3+27.2 97.0+24.9 1.0099 0.99-1.03 0.385
JOA total score 52.1+11.4 50.6+6.1 1.0596 0.98-1.15 0.168
FTA 179.7+6.7 175.7+6.8 0.9895 0.92-1.07 0.787
rheumatoid factor (IU/mL) 144.7+169.6 171.2+149.8 1.0029 0.99-1.01 0.173
MTX-use (0:no, 1: use) 0.5+0.5 0.4+0.5 0.4770 0.16-1.45 0.192
steroid-use (0:no, 1: use) 0.3£0.5 0.4+£0.5 4.7435 1.35-16.7 0.015
biologic-use (0:no, 1: use) 0.1+0.3 0.04+0.2 2.7068 0.28-26.34 0.391
CRP (mg/dL) 2.8+3.1 45+3.1 1.1988 1.02-141 0.032
Tender joint count 4.7+4.2 4.8+3.0 1.2462 0.98-1.59 0.077
Swollen joint count 9.8+7.4 7.7+¥4.4 0.8542 0.73-1.00 0.053

CRP; C reactive protein, FTA; femorotibial angle, JOA; Japanese Orthopaedic Association, MTX; methotrexate, ROM; range of motion
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Table 6. Analysis of preoperative clinical data of female OA patients by Cox Proportional Hazard Model

Pre-operative variable data 130 survivals (M+SD) 57 deaths (M£SD)  Hazard ratio 95% ClI P value
Age at operation 72.315.7 75.51£5.0 1.0957 1.033-1.163 0.003
Height (cm) 151.4+6.0 150.6+6.8 1.0600 0.963-1.074 0.545
Body weight (kg) 57.8+8.6 54.8+8.9 0.9793 0.941-1.019 0.307
Unilateral:1, bilateral:2 1.440.5 1.5+0.5 1.0600 0.596-1.885 0.843
ROM (degree) 104.3x19.4 106.8+19.9 1.0077 0.992-1.024 0.346
JOA total score 48.3+10.3 44.8+10.9 0.9851 0.957-1.015 0.316
FTA 186.4+6.7 187.0+6.7 1.0042 0.961-1.049 0.852

FTA; femorotibial angle, JOA; Japanese Orthopaedic Association, ROM; range of motion
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The preoperative factors that affected survival were age at surgery, RF titer, and
steroid use in the RA-u70 group. In the RA-071 group, CRP was an additional
risk factor, instead of RF. In the OA group, only age at TKA was a risk factor for
mortality.

The above results were obtained by investigating patients with RA and OA who
were operated on by one surgeon and followed by the same surgeon. The
surgeon has the unique trait of being a board-certified rheumatologist as a board-
certified orthopedic surgeon, and he is keen on interested in treating patients with
rheumatic diseases (i.e., RA and OA) on his own over the perioperative and
postoperative periods. The data was not influenced by surgeons’ and
rheumatologists’ differences in treatment, which suggests that the exploited
outcomes were less vulnerable and isolated from potential confounding issues
[4].

In this retrospective study, we followed 328 patients with RA and OA with 460
primary TKAs from 22 August 1997 to 17 December 2007 for up to 21 years.
Because more than 80% of the RA and OA patients were women in this study,
the analysis was performed primarily for female patients.

To the best of our knowledge, no reports have compared the CSRs of RA and
OA after TKA by age group.

4.1 CSR in Female Patients

The CSRs of patients in the RA-u70 group who underwent TKA at a mean age of
58.9 years and patients in the OA-071 group, with a mean age of 76.2 years,
showed similar survival curves [4]. The CSR of the RA-071 patients, who
underwent TKA at a mean age of 74.6 years, was significantly lower than for the
OA-071 patients, who underwent TKA at a meanage of 76.2 years.

When Comparing the RA-u70 and OA-071 female groups with respect to death,
the mean age at surgery of the RA-u70 group was approximately 15 years younger
and the time to death of the two groups was approximately 10 years. Because the
SMR of the OA-071 group was not different from that of the general population, it
can be said that RA patients who underwent TKA under 70 years of age had
similar mortalityrates as the general population, which was 15 years older [4].

Although there are few reports evaluating the mortality of elderly-onset RA,
mortality for seropositive elderly-onset RA is higher than that of the general
population [35]. However, the studies did not find any difference in seronegative
RA [36]. The mortality rate of the RA-071 group was 58.2 per 1000 person-years.
These results show that RA is a more serious condition than OA. Special attention
should be paid to survival prognosis when it becomes necessary to perform TKA in
elderly RA patients.
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4.2 Comparison of SMRs

SMR is a method of comparing the mortality rate of a cohortwith the mortality rate
of the general population of the area. SMR constitutes the number of deaths in the
cohort divided by the expected deaths of the general population [4]. The reported
SMR in patients with RA-TKA is 0.81 (95% CI. 0.52- 1.25), with a mean follow-up
period of 5.4 years [9]. According to our findings, the SMR of female RA patients
was as high as 1.97 (95% CI: 0.96-3.89) after 5 years and significantly higher
10-20 years after surgery. These results were similar to Béhm and colleagues’
report [5].

RA patients who have not undergone surgery have a higher mortality rate than
the general population [25,27,28,37]. Shourt and colleagues reported that RA
patients who underwent joint reconstructive procedures have higher mortality
rates than RA patients who have not undergone surgery [29]. Among patients
with RA, those who undergo TKA have a high disease activity and are severe
cases [4].

The SMR was 0.41 in female patients with OA 5 years after TKA in this study.
Several reports found that SMR was decreased than that in the general
population 5-10 years after TKA [5,9,11,12,14-16]. This is because healthier
people are selected for surgery [12,16]. Ravi and colleagues reported that TKA
reduced cardiovascular events [38]. On the contrary, some reports indicated that
SMR increases long-term in patients with OA after TKA, but the cause has not
been clarified [15,16]. The results of our 20-year follow-up study showed that the
SMR did not differ from that of the general population [4].

However, several reports indicated that the mortality rate in patients with knee OA
with symptoms is higher than that in the general population without OA [30-33,
38]. It has been reported that dysfunction and pain increased mortality rates [30]
and that subjects with symptomatic OA are likely to take non-steroidal anti-
inflammatory drugs, which are associated with excess mortality from
gastrointestinal and cardiovascular diseases [32].

Combined with the report indicating that the survival rate of OA patients
undergoing TKA was higher than that of OA patients receiving conservative
therapy [10] and our results, TKA should be actively considered for symptomatic
OA patients with K-L classification grade 3 or 4.

4.3 Preoperative Risk Factors Associated with Mortality

Analysis of the Cox proportional hazards model of female patients showed that
the RA group had significant hazard ratios for age at TKA, RF titer, and steroid
use; we did not see any effect for biological administration. This result was
similar to previously described risk factors for RA patients without surgery [8,28].
The RA-u70 group had similar results to the RA group (Table 4), but in the RA-071
group, CRP was a risk factor instead of the RF titer (Table 5). We considered that
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this was because the difference in RF titers between survivals and deaths is
lower in the 071 group than in the u70 group, and the RF titers of deaths in the
071 group were lower than in the u70group (Tables 4, 5) [4].

In patients of elderly-onset RA with a high disease activity, it is necessary to
control inflammation regardless of the RF titer. More follow-up studies and a
detailed analysis of mortality in more elderly-onset RA patients are needed.

In the group of women with OA in this study, age at the time of operation was the
only risk factor for mortality (Table 6). Sub-analysis of the u70 and 071 groups
identified no risk factors, including age.

4.4 Age and Cause of Death After TKA

The mean life expectancy of Japanese people in 2017 was 87.3 years for
women and 81.1 years for men [2,4]. In this study, the mean age at death of
OA-071 was 87.2 years for women and 85.3 years for men. Patients with knee
OA who undergo TKA after the age of 71 are likely to be able to live in an
environment similar to people with few physical abnormalities or to be selected
for TKA, even though they are older. However, because we were unable to
investigate comorbidities, we could not draw a definitive conclusion on this issue,
and further research is needed.

According to statistics regarding on causes of death in Japanese people,
malignant tumors were the most common, followed by heart disease and
cerebrovascular disease [4]. This tendency was similar in the OA group
[92,30,31]. On the contrary, in the RA group, many deaths were due to respiratory
diseases, infectious diseases, renal dysfunction, and multiple organ failure, as in
previous reports [26-28].

There are many limitations in this study. The number of patients analyzed might
be considered relatively low for this type of study; especially with regard to the
number of male patients. Complications, such as comorbidities, American
Society of Anesthesiologist grade, and smoking, were not investigated. Despite
these limitations, this study has several advantages, including that all patients
with OA and RA were operated by a single doctor and underwent the same
postoperative rehabilitation protocol and received the same basic medications,
especially in RA patients, and follow-up with the same doctor in a single hospital.

5. CONCLUSIONS

The CSR was higher in patients with OA versus RA. The survival rate of the
women in the OA-u70 group was highest, similar for RA-u70 and OA-071, and
particularly poor in the RA-071 group. The survival curves for the RA-u70 and the
OA-071 groups were similar over the course of the follow-up.

The SMR was significantly higher for women with RA. In OA patients SMR was
lower than that of the general population after 5 years and was 1.1 after 15 years
[1c].
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The preoperative factors that affected survival were age at surgery, RF titer, and
steroid use in the RA-u70 group. In the RA-071 group, CRP was an additional risk
factor, instead of RF. In the OA group, only age at TKA was a risk factor.

In patients with RA over 71 years of age with a high disease activity, it is
necessary to control inflammation regardless of the RF titer. TKA should be
actively considered in patients with advanced knee osteoarthritis.
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SUPPLEMENTARY MATERIALS

Table S1. Statistical analysis of Table 1. (variable of RA-u70, RA-071, OA-
u70 and OA-071 groups)

p value
RA- RA- RA- RA- RA- OA-
u70/RA- u70/ u70/ o071/ o071/ u70/0A
071 OA- OA- OA- OA- -071
u70 071 u70 071
female (%) 0.532 0.478 0.197 0.240 1.000 0.041
age at operation (y) 0.001 0.001 0.001 0.001 0.8387 0.001
height 0.003 1.000 0.001 0.017 1.000 0.008
body weight 0.448 0.001 0.001 0.001 0.001 0.002
BMI 1.000 0.001 0.001 0.001 0.001 0.245
bilateral TKA (pts) 0.389 0.016 0.389 1.000 0.155 0.065
CR type 0.871 0.847 0.871 0.078 0.126 0.596
ROM 0.390 0.005 0.001 1.000 0.616 1.000
JOA total score 0.044 1.000 1.000 0.814 0.047 1.000
FTA 0.121 0.001 0.001 0.001 0.001 1.000
follow-up period (y) 0.001 1.000 0.014 0.001 0.339 0.001
Death patients (female) 0.007 0.205 1.000 0.001 0.003 0.155
age at death 0.001 0.001  0.001 0.111 0.369 0.001

The item of female, bilateral TKA (pts), CR type and death patients is statistically analyzed by Chi-
square test. Another item is analyzed
by one-way ANOVA followed Bonnferroni post hoc.
CR; cruciate retention, FTA; femorotibial angle, JOA; Japanese Orthopaedic Association, OA;
Osteoarthritis, 071; over 71 years old, pts;
patients, RA; rheumatoid arthritis, ROM; range of motion, TKA; total knee arthroplasty, u70; under 70
years old, y; year.

Table S2. Statistical anlysis of Table 3. Differences in cumulative survival
rates every 5 years of the female patients with rheumatoid arthritis and
osteoarthritis were evaluated with the log-rank test

p value (log-rank)

RA vs OA 5years 10 years 15 years 20 years
RA-u70 vs RA-071 0.044 0.004 0.008 0.005
RA-u70 vs OA-u70 0.058 0.330 0.017 0.002
RA-u70-vs OA-071 0.795 0.005 0.007 0.011
RA-071 vs OA-u70 0.596 0.145 0.950 < 0.001
RA-071 vs OA-071 0.042 < 0.001 0.006 0.002
OA-u70 vs OA-071 0.004 0.014 0.002 < 0.001

OA, osteoarthritis, RA; rheumatoid arthritis, 071; over 71 years old, u70; under 70 years old.
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ABSTRACT

Dengue infection is increasingly recognized as one of the world’s emerging
infectious diseases. Dengue/Dengue Hemorrhagic Fever (DHF) is an emergent
disease in India. The present study was carried out with the aim of assessing
knowledge regarding Dengue fever among the community in an urban slum area
of Andhra Pradesh. This cross-sectional study was undertaken in an urban slum
area of Urban Health Centre, Guntur, which is a field practice area of the
Department of Community Medicine, Katuri Medical College and Hospital,
Guntur. The present cross-sectional study was undertaken in an urban slum area
of UHC, Guntur, Andhra Pradesh, India.

Out of 370 respondents, 291(78.65%) knew that dengue fever is transmitted by
mosquitoes. Only 38(10.27%) persons could enumerate 3 symptoms of Dengue
(fever, headache and bleeding). Regarding knowledge about breeding places,
only 276 (74.59%) respondents knew about breeding places of mosquitoes.
Regarding the source of information on Dengue fever, 191 (51.62%) came to
know about Dengue fever through television. In the case of personal protection
against mosquito bites, 274 (74.05%) respondents were relying upon Mats/coils
and 63 (17.03%) were using bed nets. Despite good awareness of dengue fever,
the adoption of mosquito control methods was poor in the area. Strengthening
surveillance along with health education to the community and proper training of
health personnel can go a long way in control of Dengue infection.

Keywords: Community perception; awareness; source of knowledge; dengue
fever; Urban Slum Area.
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1. INTRODUCTION

Dengue is an arboviral infection that is hyperendemic in tropical and subtropical
climates [1]. Dengue infection is increasingly recognized as one of the world’s
emerging infectious diseases [2-4]. Dengue incidence has increased 30-fold in
the last 50 years and affected over 50% of the world’s population, in more than
100 countries, live in areas at risk of Dengue infection [4]. About 50—100 million
cases of dengue fever and 500,000 cases of Dengue Hemorrhagic Fever (DHF),
resulting in around 24,000 deaths, are reported annually [5,6]. Over half of the
world’s population resides in areas potentially at risk for dengue transmission,
making dengue one of the most important human viral diseases transmitted by
arthropod vectors in terms of morbidity and mortality [7]. Dengue/DHF is an
emergent disease in India. Most Indian states have been classified as having
frequent or continuous risk of dengue transmission [8]. It is endemic in some
parts of the country and contributes to annual outbreaks of Dengue/ DHF [9]. It
mostly affect urban and peri-urban areas. The geographical distribution of
disease has greatly expanded and number of cases has increased dramatically
in the last 10 years [10]. In India, the risk of dengue has shown an increase in
recent years due to urbanization, lifestyle changes and deficient water
management. Improper water storage practices in urban, peri-urban and rural
areas lead to the proliferation of mosquito breeding sites. In 2009 in India, about
15,509 cases were reported with 89 deaths.

Dengue virus infection is endemic in Andhra Pradesh. In the year 2009, 1,190
laboratory-confirmed cases of dengue fever were reported in Andhra Pradesh
with 11 deaths [11]. The present study was undertaken with the aim of assessing
knowledge regarding Dengue fever among communities in an urban slum area of
Andhra Pradesh. Another aim was to assess, whether simple preventive
measures to check and destroy the breeding sites of mosquitoes like checking
coolers, discarded tires, flower pots, etc. are being practiced in the community or
not.

2. MATERIALS AND METHODS

A present cross-sectional study was undertaken in an urban slum area of UHC,
Guntur, Andhra Pradesh which is a field practice area of the Department of
Community Medicine, Katuri Medical College and Hospital, Guntur. Out of 3 field
practice areas, one area Shrinavas Rao Thota was selected randomly for study.
The total houses in the area were 1970 [10]. Every fifth house was selected by a
systemic random sampling method for collecting information. Therefore, 395
houses were selected for the study. Out of which 25 houses were locked at the
time of the visit. Hence, the total number of houses visited was 370. In the
selected house, an adult member of the family, who was present at the time of
the visit, was interviewed for the collection of information using a pre-tested
close-ended structured questionnaire. The present study was carried out from
Jan 2010 to April 2010.
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3. RESULTS

Out of 370 study subjects, 234 were males and 136 were females. Out of the
total respondents, 287 (77.57%) were from the age group of 26-40 years; 343
(92.70%) were literate (Table 1) [10]. Overall 291(78.65%) respondents knew
that dengue fever is transmitted by mosquitoes and 54 (14.59%) persons
associated Dengue with flies/person-to-person transmission (Table 2) Regarding
knowledge about signs and symptoms of dengue, 214 (57.84 %) persons could
enumerate one symptom (fever), 59(15.95%) persons could enumerate 2
symptoms (fever, bleeding) and 38(10.27%) persons could enumerate 3
symptoms of Dengue (fever, headache and bleeding) (Table 3) [10]. Two
hundred seventy-six (74.59%) respondents knew about breeding places of
mosquitoes. “Coolers” as the most probable breeding site (for mosquitoes) was
named by 147 (39.73%) respondents followed by “cooler and tyres” by 78
(21.08%) respondents (Table 4) [10]. Regarding personal protection against
mosquito bites, 274 (74.05%) respondents were relying upon Mats/coils and 63
(17.03%) were using bed nets. Further, 33(08.92%) respondents did not give any
comments (Table 5) [10]. Regarding the source of information on Dengue fever,
out of 370 respondents, 191 (51.62%) came to know about Dengue fever through
television and/or radio followed, by 81(21.89%) through newspapers and
banners, 41(11.08%) respondents came to know through friends, relatives and
57(15.41%) respondents through health workers.

Table 1. Education status of respondents (n=370)

Education Number Percent
llliterate 27 07.30
Higher secondary 33 08.92
Senior secondary 79 21.35
Graduate 141 38.11
Post graduate 90 24.32

Table 2. Knowledge regarding transmission of dengue fever

Route of transmission Number Percentage
Mosquito 291 78.65
Flies 54 14.59
Don’t know 25 06.76

Table 3. Knowledge about sighs and symptoms of dengue fever

Signs and symptoms Number Percentage
Fever 220 59.46
Headache 53 14.33
Fever, bleeding 59 15.95
Fever, headache and bleeding 38 10.26
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Table 4. Knowledge regarding breeding places of mosquitoes (n=370)

Breeding site Number Percentage
Coolers 147 39.73
Coolers and tyres 78 21.08
Coolers, tyres and flowerpots 17 04.59
Burrows and pits 09 02.43
Vessels/Containers 13 03.52
Coconut shells 12 03.24
Not aware 94 25.41

Table 5. Use of Personal protection measures against mosquitoes

Personal protection measures Number Percentage
Mats/coils 274 74.05
Bed nets 63 17.03
Nothing 33 08.92

4. DISCUSSION

Overall 291(78.65%) respondents knew that dengue fever is transmitted by
mosquitoes and 54 (14.59%) persons associated Dengue with flies/person-to-
person transmission [10]. A field-based study from Thailand [12] also had similar
findings. Gupta et al. [13] concluded that 71 and 89 percent respondents from
rural and urban areas respectively from Delhi had knowledge regarding
transmission by mosquitoes. Regarding knowledge about signs and symptoms of
dengue, 214 (57.84%) persons could enumerate one symptom (fever), 59
(15.95%) persons could enumerate 2 symptoms (fever, bleeding) and 38
(10.27%) persons could enumerate 3 symptoms of Dengue (fever, headache and
bleeding). Similar findings were also reported by a study conducted in Kuala
Kangsar [14]. Regarding knowledge about breeding places, 276 (74.59%)
respondents knew about breeding places of mosquitoes [10].

“‘Coolers” as the most probable breeding site was named by 147(39.73%)
respondents followed by “cooler and tyres” by 78 (21.08 %) respondents. It has
already been substantiated that people have a good idea about the breeding
places of mosquitoes [12,14]. Two hundred twenty-three (60.27 %) respondents
had redundant tyres, plastic pots and flower pots on rooftops or in their houses,
and they accepted the fact, that they were never checking them for mosquito
breeding. Out of 114(30.81%) persons having coolers in their house, 48
(42.11%) said that they never check coolers for mosquito breeding. Only
24(21.05 %) persons were correctly checking the cooler on a weekly basis. It
may be concluded that though the knowledge regarding dengue is good in the
general population, the practice of checking coolers, tyres and flower pots is
quite poor [10]. Similar findings were also reported by a study conducted in [15-
17]. On the contrary, a study from Kuala Kangsar [14] concludes a significant
association between knowledge of dengue and attitude towards Aedes control.
Regarding the source of information on Dengue fever, out of 370 respondents,
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191 (51.62%) came to know about Dengue fever through television and/or radio
followed, by 81 (21.89%), to newspapers and banners. Only 57 (15.41%)
respondents came to know about dengue through health workers. This is in
agreement with a study done in Thailand [13,10].

5. CONCLUSION AND RECOMMENDATIONS

Though the knowledge regarding dengue is good in the general population,
adoption of the mosquito control methods was poor in the area. So Strengthening
of surveillance along with health education to the community and proper training
of health personnel can go a long way in control of Dengue infection [10].
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ABSTRACT

It is likely that a proportion of patients evaluated for transcatheter Patent
Foramen Ovale (PFO) and ostium secundum Atrial Septal Defect (OS ASD)
closure has actually different anatomical variants particularly common in the right
atrium such as Eustachian valve (EV), Chiari network (CN), Thebesian valve and
Crista Terminalis (CT). Notably, EV is usually considered to be a benign finding
in the absence of associated cardiac anomalies, but it is frequently found in adult
patients with septal abnormalities mainly PFO. Percutaneous PFO/OS ASD
closure can be achieved safely and efficiently and nowadays represents a routine
interventional procedure in the catheterization laboratory with two different
clinical indications. PFO closure is usually effective in preventing recurrent
embolic stroke/systemic arterial embolization having reduced the risk of recurrent
stroke in patients with cryptogenic strokes in randomized clinical trials [1,2]. Of
note, EV may actively facilitate the mechanism of paradoxical embolism by
directing the blood from the Inferior Vena Cava (IVC) towards the interatrial
septum via PFO into the left atrium. Therefore, the presence of such an anatomic
variant may represent per se an increased risk factor for left circulation
thromboembolism. OS ASD represents the second most common congenital
heart defect, accounting for about 10% of all congenital heart defects in the adult
population. ASD closure is indicated in patients with significant left-to-right shunt,
right ventricular volume overload, and normal pulmonary vascular resistance.
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Transcatheter OS ASD closure using currently available devices has proven to
be safe and effective in the majority of cases offering excellent closure rates and
shorter hospital stays compared to surgery [3,4].

It is of paramount importance to identify by echocardiography imaging the EV
and other anatomical variants in order to avoid misdiagnosis and complications
when planning PFO/OS ASD percutaneous or surgical closure procedures where
EV may interfere with a successful outcome.

Keywords: Eustachian valve; Chiari network; Tebesian valve; coronary sinus;
patent foramen ovale; ASA, atrial septal aneurysm; right-to-left
shunt; paradoxical embolism; transcatheter closure;
echocardiography.

1. HISTORICAL NOTES

Bartolomeo Eustachio [San Severino Marche, Macerata 1507 (?) — Fossato di
Vico, Perugia, Italy, 1574], also known by his Latin name of Eustachius, was an
Italian papal anatomist and one of the founders of human and comparative
anatomy. His greatest work is the “De dissensionibus et controversiis anatomicis”
depicted in the Tabulae Anatomicae in 1552 illustrating the results of the
dissections of Eustachio as professor of anatomy at the medical faculty of the
Sapienza in Rome (Fig. 1). Giovanni Maria Lancisi, the successor to Eustachio in
the chair of anatomy, published the plates in 1714 [5,6], together with the eight
smaller ones that had already appeared in 1564 [7]. In his work on the azygos
vein and its ramifications (Opuscula Anatomica, 1564), Eustachio described the
thoracic duct and particularly the “valvula venae cavae inferioris” (known as
Eustachian Valve) that lies at the junction of the inferior vena cava and right
atrium which serves to direct the blood through the foramen ovale into the left
atrium, indicating a careful and relatively advanced knowledge of heart’s
structure. His description of the fetal circulation was the most complete up to his
time [6]. This constitutes the most important distinctive structural difference
between the circulatory apparatus of the adult and the child.
"WM; s A 3 Bartolomeo Eustachio
ANATOMICE =
3 Lo ’(::%’s b. San Severino Marche (Macerata), Italy 1507 ?

A

| d.Fossato di Vico (Perugia), Italy August 27, 1574

BAR LOMEI
EUSTACHII

Fig. 1. “Tabulae Anatomicae” by Bartolomeo Eustachio, the Italian papal
anatomist and one of the founders of human and comparative anatomy
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2. INTRODUCTION

With the onset of breathing at birth, the left atrium receives oxygen-rich blood
from the lungs via the pulmonary veins. The blood flow entering the left atrium
increases also its pressure. When the pressure in the left atrium exceeds the one
in the right atrium, the foramen ovale begins to close and limits the blood flow
between the left and right atrium. According to the developmental anatomy of the
atrial septum [8,9], the septum primum persists as the valve of the foramen
ovale; conversely, septum secundum represents an infolding from the atrial roof,
which forms the superior part of the limbus of the fossa ovalis (FO), and the rest
of the limbus is produced by the muscularization of the vestibular spine. Multiple
perforations in the septum primum can occur in humans and those are generally
sealed by myocardial and endocardial growth after birth [10,11].

Incomplete regression of the right sinus valve of sinus venosus results in a
spectrum of vestiges such as CN, EV, CT and Thebesian valve of the coronary
sinus. In particular, EV is a remnant of the embryonic valve of IVC, which in fetal
heart directs oxygenated blood (by the placenta) towards the foramen ovale into
the systemic circulation [6]. As soon as the foramen ovale closes, it does not
have further specific functions. Echocardiographically, EV appears as a thin flap
originating from the orifice of the IVC or it may be totally absent. Sometimes it
may appear as a crescent-like membrane that extends from the IVC to the lower
part of the fossa ovalis or as a rigid crescentic fold of endocardium arising from
the anterior rim of the IVC orifice, without attachment to the upper wall of the right
atrium or the IAS (Fig. 2; Supplementary Video S1). The lateral horn of the
crescent tends to meet the lower end of the CT, while the medial horn joins the
Thebesian valve, a semicircular valvular fold at the orifice of the coronary sinus
(Fig. 3). There is a large variability in size, shape, thickness, texture and in the
extent to which EV encroaches on neighboring structures such as the atrial
septum. Its average length is 3.6 mm ranging from 1.5 to 23 mm [12].
Occasionally, EV may also persist as a mobile, quite large elongated structure
projecting deeply into the right atrial cavity, showing an undulating motion in real-
time echocardiography and it may be confused with right atrial tumors, thrombi,
or vegetations (Fig. 4, Supplementary Video S2) [6]. Furthermore, higher
elongation of a prominent EV, which mimics the echocardiographic appearance
of a divided right atrium, is very rare. This type of abnormality may be confused
with cor triatriatum dexterum [13-18]. The superior vena cava, on the contrary,
does not have any homologous valve.

2.1 What is the EV Prevalence and the Anatomical Patterns?

The prevalence of EV in the general population is not known, as the diagnostic
criteria vary in different studies. Yater et al. reported a rate of approximately 60%
of persisting EV in adults in a group of 120 consecutive necropsies [19].
Limacher et al. found an incidence of approximately 70% in children of various
ages [12]. On two-dimensional transoesophageal echocardiography (2D TEE) a
persisting EV was found in 4.2% of the patients and its prevalence was similar in
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men and in women [6,20]. The features and the physiology of the EV have been
well described by 2D/3D TEE [21,22].

diastole

systole

Fig. 2. Two-dimensional Transesophageal (A-B) Echocardiography mid-
esophageal view at 91 and 54 degrees showing the specific orientation of
the Eustachian valve (EV) (red arrow) directing the blood towards the
interatrial septum and PFO (yellow asterisk). Two-dimensional
Transthoracic Echocardiogram (C-D) apical four-chamber view showing EV
as an elongated structure (orange arrows) projecting into the right atrial
cavity, showing an undulating motion during cardiac cycles. SVC, superior
vena cava; IVC, inferior vena cava; RA, right atrium; LA, left atrium; EV,
Eustachian Valve

To recap, three different anatomical patterns have been described: a) CN, found
in 2-3% of normal hearts at autopsy [6,23], is a reticolous and filamentous
membrane with attachment to the upper wall of the right atrium along the ridge
connecting the vena cava and atrial septum; it often appears as a web-like
structure with a variable number of thread-like components [24] (Fig. 5); b)
Eustachian ridge (ER), is located between the coronary sinus ostium and the
fossa ovalis; from this structure, the medial portion of the EV continues in the
tendon of Todaro, which runs on the ER towards the central fibrous body [6,25];
c) EV, so called “valvula venae cavae inferioris”, which is characterized by a
mobile and fenestrated membrane without any anatomic connection to the upper
wall of the right atrium [26], that can be associated mostly with PFO but also with
large ASD (Supplementary Video S3), atrial septal aneurysm (ASA) and can be
often misdiagnosed as an intra-atrial thrombus [6].
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Eustachian valve

Thebesian valve
Todaro's tendon

Fig. 3. Anatomical drawing showing the right atrial structures and the
specific orientation of the Eustachian valve (EV) directing the blood
towards the interatrial septum and fossa ovalis. SVC, superior vena cava;
IVC, inferior vena cava; RAA, right atrial appendage; FO, fossa ovalis; CS,
coronary sinus; TV, tricuspid valve

Fig. 4. Two-dimensional Transesophageal Echocardiography bicaval views
(A, systolic frame; B, diastolic frame) showing a quite large, elongated and
undulating EV (white arrow) projecting deeply into the right atrial cavity
and a prominent aneurysmatic septum primum (ASA, green arrow). RA,
right atrium; LA, left atrium; EV, Eustachian Valve; SS, septum secundum
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Fig. 5. Anatomical picture of Chiari network (CN) shown as a web-like
structure with a variable number of thread-like components with additional
attachment sites in the wall of the right atrium or the interatrial septum (A)

and as a large network of tissue projecting into the right atrial cavity

(yellow arrow) on two-dimensional Transesophageal Echocardiography
mid-esophageal view at 50 degrees (B). RA, right atrium; LA, left atrium;
CN, Chiari Network

3. DISCUSSION

A persisting EV in the absence of other structural heart diseases is believed to
have no pathological importance. Nevertheless, EV is frequently found in adult
patients with septal abnormalities, mainly PFO and ASD, and it may participate in
the mechanism of paradoxical embolism, by maintaining an embryonic right atrial
flow pattern into adult life and directing the blood from the IVC via PFO into the
left atrium (LA) [6]. Therefore, the presence of a prominent and large EV may
increase the chance of paradoxical embolization beyond that associated with
PFO size and the amount of shunting. Rigatelli G et al. suggested that EV and
CN have a deep impact on the pathophysiology of paradoxical embolism.
Actually, EV and CN as assessed by intracardiac echocardiography (Ultra ICE,
Boston Scientific) in patients submitted to PFO transcatheter closure should be
considered as adjunctive risk factors for paradoxical embolism in the decision-
making process involving PFO patients [27].

An atrial septal aneurysm (ASA) represents a cardiac abnormality whose clinical
significance is unknown [28]. ASA formation can be secondary to interatrial
pressure differences but may also be a primary malformation of the fossa ovalis
region (septum primum). ASA has been classified based on the major excursion
direction in five types with a reported incidence of 1.9% with a female/male ratio
of 2:1. Criteria to diagnose ASA include an excursion of 10 mm into the right or
left atrium or a total sum of bilateral excursion >10 mm and a base amplitude 15
mm [29]. It's noteworthy to mention that patients presenting with ASA showed
higher prevalence of PFO (about 60%) in comparison to patients without ASA
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[30]. Moreover, ASA is associated with large-sized PFO [31] and some authors
consider it as a hallmark of a potentially severe shunt. In patients presenting with
cryptogenic stroke and PFO, the presence of ASA is an independent predictor of
recurrent neurological events [32].

In this regard, Vale TA et al. [33] investigated the relationship between EV
prominence and ASA using a 10F 5-10MHz linear phased array AcuNav™
catheter (Siemens Medical) via an 11F sheath in the right femoral vein. They
found that in a group of patients with cryptogenic stroke without evidence of an
alternative etiology, an atrial septal movement less than 10 mm had significantly
longer EVs than those in whom there was >10 mm septal movement (P = 0.003).
Indeed, the mean EV length with >10 mm septal movement is 6.35 mm, while its
length was 13.33 mm with less than 10 mm septal movement. So, the Authors
proposed that, while ASA with a large degree of atrial septal movement
significantly increases propensity to cerebral embolism in patients with PFO, its
absence does not negate this risk, concluding that long EV may function
independently from atrial septal movement to potentiate paradoxical embolism.

There are several reports documenting cyanosis in patients with ASD without an
increase in right heart pressure but in whom the congenital defect was
associated with a prominent EV, the valve thus being implicated as the possible
source of the right to left shunt [34]. The findings support the hypothesis that
patients with a cryptogenic stroke (CS) and ASD or PFO combined with a
prominent EV may benefit from interventional closure of the interatrial
communication [6].

A persistent EV, particularly a prominent one, has been frequently observed in
cases of platypnea-orthodeoxia syndrome [35,36].

Furthermore, a large ER or a prominent EV may pose issues with device
placement because those right atrial structures limit the space available over the
fossa ovalis on the right atrial side and may cause a PFO closure device to sit
away from the fossa ovalis. The disc may rest on the ER or EV and result in the
PFO tunnel being held open with a persistent residual shunt. A comprehensive
assessment of 2D/3D TEE imaging is needed to accurately assess how such
structures will impact device choice and size.

In addition, EV has the potential to interfere with manipulation of the guidewire
and it can be caught in the device during deployment, interfering with the
occluder position or enhancing an embolic risk if drawn across the septum into
the LA. A report of a case series showed the practicability of using a steerable
ablation catheter to deflect the EV away from the interatrial septum during the
procedure [37]. More recently, El Shedoudy S et al. reported their modified
technique to hold EV with a steerable ablation catheter to deflect it against the
lateral right atrial wall, keeping it away from the inter-atrial septum to prevent its
entrapment or interference with the cable, the sheath or the device [38].
Furthermore, during PFO device deployment some of the prominent valve tissue
may be entrapped on the delivery cable and a piece of the EV can be extracted
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unintentionally as reported in the literature: in this particular case, careful
unscrewing of the delivery cable could have certainly avoided this type of
complication [39].

Furthermore, the Eustachian valve can be mistaken as the atrial septum thus
ending in a wrong diagnosis and causing inadvertent surgical [40-43] or
percutaneous closure of the Eustachian valve to interatrial septum. The finding of
a redundant Eustachian valve can also add technical difficulties for the
percutaneous treatment of atrial septal defect. Passing the guidewire may also
be difficult. Occasionally, the EV crosses the floor of the right atrium from the
orifice of the IVC and inserts into the lower portion of the interatrial septum
adjacent to the atrioventricular valves. Such a configuration of a large EV may
also mimic a right atrial cystic tumor [44].

Eustachian valve infective endocarditis is rare and mostly affects intravenous
drug abusers who are the biggest population at risk of right-sided valvular
endocarditis and those with implanted medical devices
(pacemakers/defibrillators)  or  indwelling central venous catheters.
Staphylococcus aureus is the causative organism in approximately 53% of cases
[45]. Actinomycotic endocarditis of the Eustachian Valve is rare [46].

Further complications related to the presence of EV may occur such as
obstruction of the inferior vena cava, thrombosis and possibly subsequent
pulmonary embolism.

Moreover, prominent CT is a rare anatomical variant that represents one of the
most frequent sources of focal atrial arrhythmias [47]. Even if it is a frequent
finding in magnetic resonance, its appearance prevalence in TTE/TEE is
unknown. The correct diagnosis of this right atrial pitfall by echocardiography
may zero out the risk of mistaking it for tumor, thrombus or vegetation, avoiding
needlessly costly additional investigations [48].

Therefore, it is fundamental to identify this structure to avoid misdiagnosis and
complications in atrial septal defect patients requiring percutaneous or surgical
closure.

4. A SUMMARY OF ARGUMENTS SUPPORTING THE ROLE OF EV
AS IMPORTANT ANATOMICAL RISK FACTOR

e EV redirects flow from the IVC to the interatrial septum through a right-to-
left shunt into the LA thus explaining the left circulation paradoxical
thromboembolism event. Indeed, a multivariate analysis showed that the
presence of prominent EV or CN was independently related to embolic
stroke of undetermined source (ESUS) and has been included in risk
prediction models to identify patients at the highest risk of paradoxical
embolism. In particular, the OR for EV or CN as factors related to ESUS
was 4.47 in univariate analysis (p = 0.002) and 4.71 in multivariate
analysis (p = 0.009) [6,49].
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e EV predicts the prognosis and outcomes following percutaneous PFO
closure. Large EVs can predict the occurrence of residual shunt in patients
who underwent PFO closure for cryptogenic cerebral ischemia [50].
Inglessis et al. found that the detection of EV on transthoracic
echocardiography (hazard ratio [HR]: 9.04; 95% confidence interval [CI]:
2.07 to 39.44; p < 0.0034) was significantly associated with the occurrence
of cerebrovascular events after PFO closure. Interestingly, the 3 patients
with a prominent EV who suffered a recurrent event had persistent
residual shunt after PFO closure [6,51].

e EV may be nidus for thrombus formation, in situ or from adhesion of
embolic material from another distant source (lower extremity deep vein
thrombosis). In this setting, PFO patients with hypercoagulable states are
at very high risk.

e EV may be nidus for tumors: myxomas, cystic tumors, fibroelastic
papillomas (Fig. 6).

e EV may be nidus for infective endocarditis

e EV may interfere with the device placement: the presence of either EV or
CN may hinder the passage of wires, reduce the available space in the
right atrium or even interfere with device placement [37-39].

e EV may interfere with IVC cannulation: A detailed echocardiographic right
atrial anatomy inspection can help to suggest an alternative plan and
prevent complications during surgery [6,52].

e EV may mimic ASD rim and potentially complicate a simple percutaneous
ASD device closure: The free end can be confused in fact with the
superior rim on TEE bicaval view [53,54]. During surgery, EV could be
mistaken for the true septum and inadvertently incorporated into the patch.
This causes iatrogenic right to left shunt due to the diversion of the IVC
blood flow into the LA.

Fig. 6. Two-dimensional Transesophageal Echocardiogram (TEE) sagittal
view (A) showing multilobular myxoma originating from the right atrium
partially prolapsing in the right ventricle, involving the Eustachian valve;
surgical view (B); specimen after surgical removal (C). Courtesy, Dr Mauro
Pepi, Centro Cardiologico Monzino, Milan, Italy
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5. CONCLUSION

A comprehensive assessment of 2D/3D TEE color Doppler imaging plays a key
role in the identification and understanding of the EV and the other right atrial
structural abnormalities, in order to avoid misdiagnosis and to prevent
complications during interventional PFO and before ASD closure procedures [6].

Notably, large prominent EV has been found guilty at all the degrees of judgment
representing an important anatomical risk factor not only fostering paradoxical
thromboembolism in patients with right-to-left shunting via PFO but interfering
with the device placement and IVC cannulation, mimicking ASD rim, and as a
nidus for thrombus formation, infective endocarditis, tumors. Bartolomeo
Eustachio, the papal anatomist, would never have thought that his valve could
have been identified as a dangerous anatomical risk factor and a serial partner in
crime.
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Supplementary Video S1: Two-dimensional Transesophageal Echocardiogram
(TEE) in four-chamber (A) and subcostal (B) views with the evidence of a very
floppy and undulating prominent EV projecting deeply into the right atrial cavity
without attachment sites in the wall of the right atrium or the interatrial septum.

Supplementary Video S2: Two-dimensional Transesophageal Echocardiogram
(TEE) bicaval view showing a quite large, elongated and undulating EV (white
arrow) projecting deeply into the right atrial cavity and prominent aneurysmatic
septum primum (ASA, green arrow). RA, right atrium; LA, left atrium; SS, septum
secundum; EV, Eustachian Valve; ASA, atrial septal aneurysm.

Supplementary Video S3. Two-dimensional Transesophageal Echocardiogram
(TEE) color Doppler bicaval view showing ostium secundum ASD with left-to-
right shunt, floppy septum primum and EV appearing as a thin flap originating
from the orifice of the IVC.
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ABSTRACT

Background: Oral and maxillofacial hemangioma is a benign vascular tumor that
develops due to endothelial cell proliferation and occurs in and around the oral
cavity. It consists of an abnormal overgrowth of tiny blood vessels. Hemangioma
may not be present at birth but may appear at 6-month of life. It is a rare vascular
tumor.

Objective: To present the clinical presentation, modalities of treatment and
surgical outcome of hemangioma of the oral and maxillofacial region.

Materials and Methods: This is a retrospective study of all the patients that were
treated from January 2009 to December 2023. Information was extracted from
case files of patients. Data collected included: age at presentation, sex, location of
the tumor, treatment given, findings and histological diagnosis.

Results: Twenty- six cases of hemangioma were seen in the oral and maxillofacial
region during the period of study. Twelve (n=12, 46.2%) were males and fourteen
(n=14, 53.8%). Male to female ratio was 1.0 to 1.2. Cheek (46.2%) was the
commonest site of occurrence, and the floor of the mouth was the least (3.8%).
The age ranged from 4 months to 39 years. Our diagnostic tool was the aspiration
of frank blood from the tumor which had similar clotting time with the normal blood
and our mode of treatment included: injection of sclerosants and excision of the
fibrous tissues.

Conclusion: It is essential to treat the tumor as early as possible especially in
large lesions with disfigurement or where it is complicated by hemorrhage or
infection.
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1. INTRODUCTION

A hemangioma is a benign vascular tumor consisting of an abnormal overgrowth
of tiny blood vessels [1]. They are believed to be harmatomatous proliferation of
vascular endothelial cells [2]. Hemangiomas are very common neoplasia that
affects infants and children, found with great frequency in girls, premature infants,
and children with mothers of older age. Vascular tumors (Hemangiomas) are
usually detected at birth and arise within 3—4 weeks revealing different clinical
characteristics and course showing an intensive growth period and an involution
long process [3]. Itis an uncommon vascular tumor and is a benign endothelial cell
neoplasm, that is typically absent at birth but may appear at 6 months of life.
However, of the entire patients who eventually develop hemangioma, 30% of them
have evidence of their presence at birth while 100% have manifested them by age
6 months [4,5]. Histologically hemangiomas are composed of hyperplastic
endothelial cells, which line the inner surface of the blood vessels in the human
body, with the capacity for intensive proliferation. The diameter of the blood
vessels is important in the classification of hemangiomas to capillary and
cavernous types [6]. Characteristically they have rapid growth in infancy with
spontaneous involution later in life [2]. This contrasts with another known group of
childhood vascular anomalies;- such as capillary and venous malformations,
lymphangiomas and arterio-venous malformations which are present at birth and
are characterized by very slow growth with persistence into adult life [4,5].
Hemangiomas are classified on the basis of their histological appearance as
capillary, mixed cavernous, or a sclerosing variety that tends to undergo fibrosis
[7]. They are more common in premature infants and in girls [2,5]. Rosca et al. [4]
in their study among Caucasians concluded that female patients were more
affected than male patients by the ratio of 3:1. It could be found anywhere in the
body, but the skin, subcutaneous tissues, eyelids, cheek, tongue, mucous
membranes of oral cavities are a common site of involvement [7], the liver, spleen
and kidneys can also be involved [8,5]. About 50% of hemangioma occur in the
head and neck region [7]. Jennifer et al. [9] in their study also stated that
hemangiomas are commoner in the head and neck region. It is also the most
common tumor of orbit and peri-orbital areas in childhood [4,5].

There are many laser systems used for the treatment of hemangioma and vascular
tumors. These laser systems are of different wavelengths and penetration depths,
however, they operate by similar mechanisms and in some cases two or more
lasers can be applied during the course of treating these lesions [8].

However, systemic involvement of hemangioma can be a significant source of
morbidity and mortality [8]. The purpose of this study is to elucidate the clinical
presentation and management of hemangioma in the oral and maxillofacial region,
that were treated in our hospital [5]. Twenty-six cases were reported in this study
and their common complaint was facial disfigurement.
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2. MATERIALS AND METHODS

A retrospective study of patients who were treated for hemangioma in the oral and
maxillofacial region at Barau Dikko Teaching Hospital, Kaduna State University,
Nigeria, over a period of fifteen years from January 2009 to December 2023 was
done. Twenty-six cases were included in this study [5]. Only those who accepted
our mode of treatment were included, two adult female patients with a lower lip
tumor, and one adult male with a cheek tumor who declined our treatment
modalities were excluded. The patients were analyzed for age, sex, site of the
tumour, treatment modalities, histological findings and recurrences [5]. Data were
sorted, organized and entered into SPPS version 20 (IBM® SPSSRQ statistics
Armonk New York, United States) for analysis. Frequency statistics and cross-
tabulations were done and the chi-squared test was used to test for significance
between variables at the critical p<0.05. Ethical approval was obtained from the
ethical committee of the hospital [5].

3. RESULTS

Twenty- six cases of hemangioma treated in the oral and maxillofacial region
during the period of study were included. Twelve (n=12, 46.2%) were males and
fourteen (n=14, 53.8%). Male to female ratio was 1.0 to 1.2. Cheek (46.2%) was
the commonest site of occurrence, and the floor of the mouth was the least (3.8%).
The ages ranged from 4 months to 39 years (Table 1). Our diagnostic tool was the
aspiration of frank blood from the tumor which had similar clotting time with the
normal blood and our mode of treatment included: injection of sclerosants and
excision of the fibrous tissues.

Twelve (46.2%) of the patients had the tumor in the cheek unilaterally, seven
(26.9%) had it in the lower lip, four (15.4%) had it in the lower lip, Two had it in the
maxillary gingiva (7.7%) and one (3.8%) had it in the floor of the mouth. The
histology showed capillary type (n=20, 76.9%), and cavernous type (n=6, 23.1%).

3.1 Clinical Presentations of the Tumors

Extra oral examination of the cheek tumor revealed a solitary, pedunculated,
spherical and baggy shaped, reddish pink swelling with distinct order and irregular
surface (Fig. 1A). On palpation, the swelling was non-tender, soft to firm in
consistency, not blanching on pressure. Post-surgery (Fig. 1B) [5].

Table 1. Demography of the patients treated

Agel/Yrs Sex Total Percentage
M F

<1 2 1 3 11.5

1-10 3 5 8 30.8

11-20 - 2 2 7.7

21-30 2 3 5 19.2

31-40 5 3 8 30.8

Total 12 14 26 100.0
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Table 2. Site of occurrence

Site No. of cases Percent/%
Cheek 12 46.2
Lower lip 7 26.9
Upper lip 4 15.4
Gingivae 2 7.7

Floor of mouth 1 3.8

Total 26 100.0

Extra oral examination of the lower lip tumor revealed an enlarged lip with a baggy
and spherical shape, tensed and reddish.

The tumor in the floor of the mouth bulges out from the floor of the mouth and the
submandibular region extra-orally (Fig. 1).

Aspiration biopsy of all the tumors yielded frank blood which had a similar clotting
time to normal blood, and a diagnosis of hemangioma was made [5].

The two lesions in the gingivae presented as hemorrhagic tumor and the histology
showed lobular capillary hemangioma [5].

All our patients had hematological and biochemical investigations done and their
values were within normal range.

The surgical procedures were done under local and general anesthesia.

Fig. 1A. A 4 months old boy with cheek tumour [5,10]
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Fig. 1B. The boy after surgery [5,10]

Fig. 2. A 3yrs old boy with a tumor on the floor of the mouth [5]

3.2 Surgical Procedure

Sclerotherapy involves the intra-lesional injection of boiling normal saline after
withdrawal of blood from the lesion, an amount which is more than the blood
withdrawn was injected into the lesion. This was repeated two or three times at
three-week intervals until there was only little or no blood that was aspirated [5].
Then surgical excision of the fibrous tissues was done for the tumor, in the lower
lip, upper lip and cheek. Excisions of the gingival tumors were done under local
anesthesia. The excised tissues were sent for histology and the report showed the
proliferation of endothelial lining of the blood vessels and encapsulated aggregates
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of closely packed, thin-walled capillaries with endothelial linings and perivascular
fibrosis, a diagnosis of capillary hemangioma was made for case (Fig. 3) [5]. For
cavernous hemangioma the histology showed thick-walled blood vessels and
anastomosing vascular channels of cavernous pattern (Fig. 4). The patients were
reviewed after 6-months of surgery and there was recurrence in three cases and
were rescheduled for excision surgery.

The outcomes of the treatments were satisfactory except for the scar on the cheek

[5].

Fig. 4. Photomicrograph of cavernous hemangioma [5]
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Fig. 5. A gigantic hemangioma of the cheek in a 6-months old male child

Fig. 6. An upper lip hemangioma in a 38- year old woman
4. DISCUSSION
A hemangioma is a benign tumor of infancy. It is a tumour consisting of an

abnormal overgrowth of tiny blood vessels, common in premature infants, and girls
are most affected [2]. It is typically absent at birth and characteristically has rapid

166



Medical Research and Its Applications Vol. 8
Clinico-Pathologic Study of Hemangioma of the Oral and Maxillofacial Region

growth in infancy with spontaneous involution later in life [4,5]. Cases 1-5 reported
underwent rapid growth in three months. Hemangiomas are now thought to be of
placental origin due to a unique microvascular phenotype shared by juvenile
haemagiomas and human placenta [9]. All our adult patients could not give a
definite duration of the tumor [5].

Hemangiomas generally exhibit two phases of growth: a proliferative phase and
an involution phase. The proliferative phase of rapid growth typically occurs from
8-18 months. The involution phase is characterized by slow regression of the
hemangioma [11,5]. Our adult cases claimed the tumors regressed after they
crossed puberty. One-half of all lesions will involute by age 5 years, and 75% will
involute by age 7 years, during this stage the mast cell numbers decrease to
normal and there is a decrease in endothelial and mast cell activity [12,5].

Epidemiology shows that as many as 50 percent of systemic hemangioma occur
in the head and neck region [7]. The cases in our study occurred in the cheek, floor
of the mouth, maxillary gingivae, upper lip and lower lip in the head and neck region
[5]. Of all the patient who eventually develops hemangioma, about 30% of them
have evidence of their presence at birth, while 100% have manifested them by age
of 6 months [7]. Three of our cases first noticed the tumor when the child was born,
and two cases when the child was two weeks old [5].

However, systemic Involvement with hemangioma can be a significant source of
morbidity and mortality [9]. None of our cases reported had any systemic
involvement, with the full blood count of the patients within normal limits [5].

Rosca et al.® in their study of vascular tumors in the orbit reported female
predominance at a ratio of 3:1 this study showed a similar female preponderance
with female to male ratio of 1.2 : 1.0. This may be because the majority of our
patients were adults who cared about facial disfigurement at a later age [5].
Radiology is usually only required when the diagnosis is unclear, and this is most
frequent in lesions with a deep component. Histology of hemangiomas shows
proliferation of endothelial cells of small blood vessels [7,5]. Yusuf et al. [13] in
their study of vascular tumors in Northern Nigeria reported that capillary
hemangioma accounted for 40.3% and is the most common of the vascular tumors
studied. In our study it accounted for 80%, this is because we studied only
hemangioma not all vascular malformations [5]. The two gingival tumors in this
study occurred in adult females and were lobular capillary hemangioma otherwise
known as pyogenic granuloma. Hemangioma has demonstrated predilections for
the head and neck region and structures that are especially affected are lips, nasal,
and oral cavities [13]. It has a tendency to affect children and young adults [13,5].
This study also showed the same. Ultrasonography of hemangioma is
characteristic of hyperechoic and compressible lesions with high peak intra-
tumoral vessels on arterial shift and is most useful for smaller, limited lesions
[12,5]. Ultrasound of cheek tumors in our study showed hyperechoic and
compressible lesions. Computerized tomography appearance was that of a
strongly enhancing homogenous lobulated mass with thin septa [12]. Magnetic
resonance imaging is usually hypotensive in Ti, Iso to hyperintense on T2 with
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multiple serpiginous flow voids [12,5]. Indications for treatment of hemangioma
include functional impairment such as visual or feeding compromise, bleeding;
which is potentially life-threatening and risk of long-term permanent disfigurement.
Facial disfigurement and undue pressure on contiguous tissue prompted our
patients to seek treatment, except in case 2 (Fig. 2) with the tumor in the floor of
the mouth, which made swallowing difficult (Fig. 2) [5].

Treatment of hemangiomas consists of injection of corticosteroids, intra-tumoral
laser therapy has been used for longer lesions and recalcitrant cases, interferon
or vincristine can be considered [13,14]. Sclerotherapy, embolization and surgery
have been found useful [13,14,5]

The laser therapy option is especially important in providing additional treatment
modalities for residual and recurrent hemangiomas as well as for patients with
contraindications or at risk of side effects to propranolol. Laser treatment for
residual infantile hemangioma and vascular malformations has been routinely
practiced since 1980, including argon, diode, erbium-doped yttrium aluminum
garnet (Er:YAG), potassium-titanyl-phosphate (KTP), pulsed dye laser (PDL), and
neodymium-doped yttrium aluminum garnet (ND:YAG) lasers [8].

Some of our cases had sclerotherapy with injection of hot normal saline and
excision of fibrotic tissue under general anesthesia, the gingival tumors were
excised under local anesthesia, case 2 (Fig. 2), a 3-year old boy had sclerotherapy
only, excision of tissue was not necessary because the fibrotic tissue had fused
into the mandible. A review of our patients after six months showed evidence of
recurrence in three cases, which were later excised [5,15-20].

5. CONCLUSION

Hemangioma in the head and region need urgent attention to avert long term
permanent disfigurement.
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