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Ultrasound-Guided Supraclavicular Block in a Patient with Fahr Syndrome

Ahmet Tugrul SAHIN?
Giilgin AYDIN?
Zeynep Nur AKCABOY 3

INTRODUCTION

Fahr Syndrome (FS) is a rare disease where calcium and other minerals are bilaterally
and symmetrically stored in basal ganglia, cerebellar dentate nucleus and white matter. Genetic,
metabolic, infectious conditions are included in the etiology. It is characterized by
extrapyramidal and neuropsychiatric symptoms. Treatment is symptomatic treatment to
improve calcium metabolism (Calili et al., 2016: 1029-1031). In this case report, we aimed to
share our supraclavicular block experience in a patient with FS for 8 years.

CASE

An operation for the 5th finger proximal phalanx fracture was planned to a 48-year-old,
80 kg patient having FS for 8 years. There were dementia, involuntary movements in his hands
at nights, cough after fluid intake and incontinence in his history. In the preoperative evaluation,
physical examination revealed apathy, gait and balance disorder, dysarthric speech, ataxia,
cerebellar dysmetria and ptosis in the left eye (Figure 1). He was using 1 * 1 amantadine sulfate
(PK-Merz 100 mg tablets. Assos Pharmaceuticals, Turkey), 2 * 1 carbamazepine (Tegretol 200
mg tablets. Novartis Health, Turkey), 1 * 1 modafinil (Modiwak 100 mg tablets. Generica
Pharmaceuticals, Turkey), 1 * 1 baclofen (Lioresal 10 mg tablets. Novartis
Pharmaceuticals, Turkey). Tested blood values and hormonal-metabolic profile were normal.
The preoperative Calcium (Ca) value was 9.7 mg/dL. Cranial tomography showed hyperdense
regions in bilateral caudate nucleus, globus pallidus, thalamus and cerebellar hemispheres
(Figure 2). Continuation of the existing treatment was recommended by the neurology
department. The patient was taken to the operation room, followed by standard monitoring
(electrocardiogram, pulse oximetry and noninvasive blood pressure) and intravenous (1V)
access provided from the right hand. Patient received 4 L/min oxygen with a mask and sedation
provided by IV 0.03-0.05 mg / kg midazolam (Dormicum, Roche). In supine, bedside up
position, disinfection done and block area covered with sterile drapes. 3 cc 2% lidocaine HCI
(Aritmal, Biosel) applied subcutaneously. The 10-18 MHz linear ultrasound (EsaoteMyL.ab 30,
Geneva, Italy) probe was placed on the clavicle in the coronal oblique plane. At the same time,
a peripheral nerve stimulator (Stimuplex®Dig-B-Braun) at 1 mA current and frequency of 2
Hz was used to determine the localization of the nerves to be blocked. 18 gauge 50 mm needle
(Pajunk, Geisingen, Germany) was entered with the inplane technique and the subclavian artery
was detected on the first costa. Needle image was continuously displayed during operation.
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When the motor response of the nerve stimulation (fingers, wrist and elbow extension) was
seen, the stimulator current was reduced to 0.4 mA. A mixture of 15 ml of 0.5% bupivacaine
hydrochloride (Marcaine 0.5%, Astra Zeneca) and 10 ml 2% lidocaine HCL was slowly injected
after observing the negative aspiration of blood and also observing that in every 5 ml. Local
anesthetic was applied to surround the entire plexus. The patient developed sensory block and
complete motor block at 15th minute and operation lasted 1 hour. Intraoperative Ca control
value was 9.4 mg/dL. The patient did not need opioids in the intraoperative period and also did
not need any analgesic for 10 hours postoperatively

DISCUSSION AND CONCLUSION

FS is arare neurodegenerative disease with symmetrical bilateral calcification in the basal
ganglia, caudate nucleus and cerebral cortex. It is an insidious and progressive disease and
becomes symptomatic in the 4th and 6th decades of life. The late-onset type usually begins at
the age of 50 and is characterized by progressive dementia and movement disorders. Diagnosis
is made by cranial tomography. The treatment is symptomatic and antipsychotics,
antidepressants, antiepileptics and procognitive drugs are used (ALEMDAR, 2018: 206-208;
Jaworski et al., 2017: 490-493). As a matter of fact, the diagnosis of our patient was based on
bilateral symmetric calcification in cranial tomography taken due to movement disorders and
progressive dementia. Patient’s complaints had started with walking and balance disorder and
had progressed with speech disorder, ataxia, cerebellar dysmetria, dementia and incontinence.

The physical condition, comorbidities, type and duration of surgery are effective in the
selection of anesthesia type for patients having Fahr syndrome. Choice of anesthesia can be
general or regional. The most important aim of anesthesia management is to prevent metabolic
disorder caused by plasma Ca concentration. In general anesthesia, difficult airway and
malignant hyperthermia should be considered. Also for regional anesthesia it should be noted
that cardiotoxicity potential of bupivacaine may increase in the presence of low Ca levels
(Gupta & Lalit Gupta, 2018: 1-6).

When the literature for anesthesia applications in patients with Fahr syndrome is
examined, the general anesthesia approach (Belenli & Arpaci, 2014) is mentioned in the case
of Belenli et al. , but no cases have been reported under peripheric regional anesthesia. In this
respect, we think that our case is the first. The reason we preferred regional anesthesia with
supraclavicularvular block was that we could detect the epileptic seizure more easily in the
awake patient and could intervene urgently. At the same time, we aimed to decrease the
possibility of pain and stress related seizures by continuing analgesic activity in the
postoperative period.

As a result, the regional anesthesia application in FS patient may be a good choice in
terms of reducing the complications such as seizures due to its anesthetic and analgesic activity
in intraoperative and postoperative periods.
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Figure 1: Pitosis at left eye

Figure 2: Calcification in bilateral caudate nucleus, globus pallidus, thalamus and cerebellar
hemispheres on cranial tomography




Public Perceptions Towards Bariatric Surgery

Damla SECKIN!

Introduction

Bariatric surgery is an important treatment option for obesity, a chronic disease, and the
improvement of many comorbidities associated with obesity. Despite the proven effectiveness
of surgery in achieving long-term weight loss and significant improvement in comorbidities, a
large portion of obese patients do not undergo surgery. The reasons for this include economic
problems, the complexity of the bariatric surgical process, and societal perception (Rajeev et
al., 2023). It is of great importance to determine the perception of communities regarding
bariatric surgery. Therefore, this study aims to compile the literature on the community's
perception of bariatric surgery. The study was planned as a literature review. PubMed, Google
Scholar, Ebscohost, and Web of Science databases were used in the research. Keywords such
as "bariatric/obesity surgery,"” "public perception,” "obesity," and "view" were scanned.

Bariatric Surgery and Public Perceptions

There are more than 1.9 billion people affected by obesity worldwide, and the prevalence
of obesity continues to increase. The reasons for the widespread occurrence of obesity include
changing work conditions, sedentary lifestyles, transportation patterns, urbanization, increased
consumption of high-fat and high-sugar foods, and environmental and societal changes (World
Health Organization, 2021). As the number of individuals with obesity rapidly increases, the
treatment options for obesity become crucial. Medical nutrition therapy, exercise therapy,
behavior change therapy, pharmacological treatment, and surgical treatment are among the
treatment options for obesity (Ministry of Health, 2017). Among these options, bariatric surgery
is the most effective treatment method.

Bariatric surgery encompasses various surgical procedures such as sleeve gastrectomy,
Roux-en-Y gastric bypass, duodenal switch, and adjustable gastric band. After surgery, patients
not only experience significant weight loss but also get rid of many comorbidities such as
diabetes, hypertension, and dyslipidemia.

Postoperative weight loss depends on factors such as the type of surgery, the patient's
eating habits, and additional health conditions. Weight loss peaks in the first year and slows
down or stabilizes at 1.5-2 years. Patients who undergo sleeve gastrectomy are expected to lose
approximately 55-80% of their excess weight in 1-1.5 years. In Roux-en-Y gastric bypass
surgery, this percentage ranges from 60-85%. In addition to weight loss, surgeries also provide
metabolic improvements. The impact of bariatric surgery on diabetes is highly positive. After
surgery, patients are able to discontinue insulin or medication use and overcome diabetes.
Surgery also leads to improvement in conditions such as hypertension, dyslipidemia, sleep
apnea syndrome, gastroesophageal reflux, joint disorders, and polycystic ovary syndrome,
which affect various systems and organs of the body (Asad, 2022; Dana Telem, 2023; Hua et
al., 2022; Thereaux et al., 2018).

! Damla SECKIN, Research Assistant, Akdeniz University, Nursing Faculty
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Despite all these achievements, the bariatric surgery process is complex, and there is a
lack of knowledge among the public about the process and the surgery itself. In a study
conducted in Kocaeli, Turkey, the aim was to inform individuals with a BMI >30 kg/m2 about
bariatric surgery. Most of the patients (84.9%) reported having heard of bariatric surgery as a
treatment option, but they stated that they did not know the details, techniques, and risks of this
method. When asked about the sources of information on obesity surgery, it was stated that the
main source was television (76.1%), and only 4.1% of patients had seen an informative
brochure on this subject (Giiler et al., 2018).

There is a negative societal perception regarding the reliability and effectiveness of
bariatric surgery. A systematic review revealed that while some participants were aware that
bariatric surgery leads to weight loss, improves comorbidities, and enhances quality of life, a
significant portion of participants considered bariatric surgery unsafe and risky. The study
emphasizes that the perception of bariatric surgery varies based on factors such as race, region,
gender, and age. Furthermore, the research highlights that female patients have more positive
perceptions and expectations regarding bariatric surgery. It is noted that there is a
misconception and lack of information in the society regarding bariatric surgery (Afonso et al.,
2010; Lee et al., 2019; Rajeev et al., 2023).

Studies have shown that bariatric surgery is not perceived as a medical procedure by the
public, and there is inadequate information about its safety and effectiveness, indicating a
misconception about the surgery (Lee et al., 2019; Zhang et al., 2022). The lack of knowledge
among patients about bariatric surgery may lead them to avoid considering it as an option for
obesity treatment. This can be a significant barrier for patients who genuinely need bariatric
surgery as a treatment option.

Approximately 20% of obese individuals in society perceive bariatric surgery as risky
(Prasad et al., 2020). Moreover, around 58% of obese individuals have seen bariatric surgery
as a highly effective option for weight loss (Hug et al., 2020). It is also mentioned that there are
expectations regarding bariatric surgery's ability to improve comorbidities and quality of life.
However, the proportion of these individuals is quite low due to their lack of awareness of the
negative impact of obesity on their health (Murtha et al.,, 2022; Nickel et al., 2018).
Standardized educational materials and patient information are of great importance to shape the
perceptions of obese individuals regarding bariatric surgery during the preoperative period.

Considering all these factors, the information gap among patients can lead them to avoid
seeing bariatric surgery as a treatment option for obesity. This can pose a significant obstacle
for patients who truly need bariatric surgery as a treatment option.

Positive perception of a particular treatment is one of the fundamental criteria for affected
individuals to seek that solution. Factors such as education level, social media and print media,
peer or environmental experiences, and many others can influence the public's views on
bariatric surgery. Print media is an important factor in shaping the public's views on bariatric
surgery since negative news disrupts the general awareness of bariatric surgery. Unfortunately,
most of the information sources about bariatric surgery for patients are non-medical sources.
While these sources increase the awareness of treatment methods, they also lead to individuals
being misinformed or having insufficient information (Giiler et al., 2018).

In a study conducted in Denmark, nearly half of the participants argued that due to their
perception of bariatric surgery, the costs of the operation should be covered by individuals
themselves, not the state. People's beliefs about bariatric surgery are an important determining
factor in their views on treatment. The study concludes that the German public is quite cautious
about bariatric surgery. Despite the increasing number of surgeries, it can be assumed that
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misconceptions regarding the effectiveness and risk models of bariatric surgery are still
widespread (Sikorski et al., 2013).

In a study conducted in China, university students were asked questions about bariatric
surgery. The study found that the students had a low acceptance rate for undergoing the surgery
and expressed concerns about the complications associated with the procedure. When faced
with surgical options, the students did not demonstrate a positive attitude towards undergoing
the surgery (Diao et al., 2022).

In conclusion, although there is a widespread negative perception of bariatric surgery in
society, addressing the lack of information and educating the public through various methods
will help shift the perception towards a more positive view of bariatric surgery.
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Aortic Aneurysms And Dissection

Kudret SELKI
Mehmet Cihat DEMIR?

Introduction

We desired to present an overview of the aneurysm and dissection of the largest artery of
our body, the aorta, which carries blood from the heart to all organs, which is of critical
importance and is seriously mortal when admitted to the emergency department (ED).

Aortic Anatomy

The aorta is the largest artery in the body. It consists of 5 main parts (Collins, Munoz,
Patel, Loukas, & Tubbs, 2014):

1) Root or sinus segment extending to the sinotubular junction in the aortic valve

2) The ascending thoracic aorta extending from the sino-tubular junction to the
innominate artery

3) Aortic arch extending from the innominate artery to the left subclavian artery

4) The descending thoracic aorta extending from the left subclavian artery to the
diaphragm

5) Abdominal aorta extending from the diaphragm to the aortic bifurcation

The aortic wall consists of three layers: inner thin intima, thick central media, and outer
thin adventitia (Collins et al., 2014).

What is an Aneurysm?

In rough terms, it is the formation of a sac due to the regional enlargement of a part of the
aorta. This enlargement is crucial because it prepares the ground for the aorta rupture. While it
is defined as an enlargement of up to 1.5 times the standard diameter for the abdominal and
descending thoracic aorta (Johnston et al., 1991), it is not appropriate for the aortic root and
ascending thoracic aorta. For the ascending aorta, a diameter of > 4.5 cm is called an aneurysm
(Paruchuri et al., 2015). Diagnosing an aneurysm early and following up on the patient's
aneurysm by arranging treatments is essential. Because although the aneurysm may not cause
a problem on its own, its mortality is very high when it ruptures. The location and size of the
aneurysm are of critical importance. For example, An ascending aortic diameter of 4-4.4 cm
increases the risk of dissection 89 times, while > 4.5 c¢cm causes it to increase 348 times
(Paruchuri et al., 2015). Therefore, there is a correlation between the size of an aortic aneurysm
and dissection, and clinicians should approach patients with this in mind.
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What is Aortic Dissection?

Aortic dissection, which is rarely admitted to emergency departments but is mortal, is the
formation of an intimal tear that allows blood to pass by, creating a flap that divides the intima
longitudinally and separates the true lumen from the newly formed false lumen. Aortic
dissection is the most common of the acute aortic syndromes (Clough & Nienaber, 2015). The
dissection flap may show an antegrade or retrograde location. It can cause life-threatening
conditions such as myocardial ischemia, cardiac tamponade, acute stroke, and acute aortic
regurgitation. Aortic rupture occurs when blood in the false lumen ruptures the tunica media
and adventitia. The incidence of aortic dissection is estimated to be 5-30 cases per million
people per year. Some genetic features and comorbidities increase this rate. It is more common
in men. Although it may occur earlier in patients with Marfan, Ehlers—Danlos syndrome, it is
usually seen between 50-70 (Clough & Nienaber, 2015).

A new definition was developed in 2020, after the traditional definition, which was
accepted as acute in the first two weeks after the onset of the most common symptoms, such as
back pain, chest pain, and abdominal pain, and chronic after > two weeks. According to this
definition, the first 24 hours were considered hyperacute, 1-14 days acute, 15-90 days subacute,
and >90 days chronic (Booher et al., 2013).

Acute dissection of the ascending aorta is quite mortal in untreated patients. Patients who
develop cardiac tamponade, acute myocardial infarction, and stroke have a higher risk of death.
Therefore, surgical or endovascular interventions, which are absolute treatments, should be
applied immediately (Tsai, Nienaber, & Eagle, 2005).

Aortic Dissection Classification
Basically, two classifications have been used for years: DeBakey and Stanford.
It is categorized as type 1,2,3 according to the DeBakey system (De Bakey et al., 1965).

Type 1: Originates from the ascending aorta. It extends distally to include the arcus aorta
and the descending aorta.

Type 2: Limited in the ascending aorta.

Type 3: Originates from the descending thoracic aorta and usually extends distally.
Type 3A: Limited to the descending thoracic aorta only.

Type 3B: Extends from the descending thoracic aorta to the diaphragm.

According to the Stanford system, it is categorized as types A and B according to whether
it involves the ascending aorta, regardless of its origin (Daily, Trueblood, Stinson, Wuerflein,
& Shumway, 1970).

Type A: All dissections involving the ascending aorta
Type B: All dissections from the arcus aorta without the ascending aorta

Imaging of the Aorta

Aortic imaging can be performed with computed tomography (CT), magnetic resonance
imaging (MRI), transthoracic echocardiography (TTE), transesophageal echocardiography
(TEE), and abdominal aortic ultrasonography (US). Many factors, including hemodynamic
stability, contrast allergy, renal function, and patient tolerance, play a role in selecting imaging
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modalities (Beebe et al., 2000). However, as it is known, the most common and detailed
imaging method in emergency departments is CT (T.-L. C. Lu et al., 2009).

A) CT: It can display the aorta and all its branches with high resolution and fast. It most
accurately determines the assessment of the diameter of aortic aneurysms. It shows acute aortic
syndromes (aortic dissection, intramural hematoma, penetrating atherosclerotic ulcer) and
traumatic aortic injuries with high sensitivity and specificity (Yoshida et al., 2003). It is
beneficial in identifying concomitant coronary involvement, hemopericardium, and dissection
entry tears (Imoto et al., 2013). To fully define the dissection, an arterial phase-contrast CT
angiography image should be obtained from the thoracic inlet to the level of the femoral artery.

B) MRI: It covers all the aorta and its branches. Inflammation may characterize acute
aortic syndromes and aortic wall changes. lonizing radiation is not used and usually is shot
without contrast material (Barra, Kanji, Malette, & Pagnoux, 2018). Therefore, MRI is the first
choice for evaluating congenital aortic abnormalities. It is suitable for serial imaging in young
patients (Potthast et al., 2010). However, its use in aortic imaging is limited because it is not
ideal for patients with permanent metallic material, has a long acquisition time, and is not as
common as CT (Krishnam et al., 2010; Moore et al., 2002; Potthast et al., 2010).

C) TTE: It is the first method used for non-emergency imaging of the thoracic aorta.
Although not ideal for imaging the arcus aorta, it is useful for imaging the aortic root and
ascending aorta. It can be helpful in the diagnosis of aortic coarctation and patent ductus
arteriosus (PDA). It may help detect complications such as aortic valve regurgitation, left
ventricular dysfunction, and cardiac tamponade (Evangelista et al., 2010; Goldstein et al.,
2015).

D) TEE: Acquires high-resolution images of most of the thoracic aorta except for a short
segment of the distal ascending aorta just proximal to the innominate artery. It is beneficial in
detailing the anatomy and function of the aortic valve. However, the need for an experienced
observer causes it to remain in the background in the first diagnosis. It is beneficial in
intraoperative evaluation (Evangelista et al., 2010; Goldstein et al., 2015).

E) Abdominal US: It is the recommended diagnostic tool, especially for screening and
monitoring of abdominal aortic aneurysm (AAA) (Harter, Gross, Callen, & Barth, 1982; Owens
et al., 2019; Steiner, Rubens, Weiss, Lerner, & Asztely, 1986). The aortic diameter >3 cm
measured from the outer edge to the outer edge in an anteroposterior or transverse view is a
warning (Ellis, Powell, & Greenhalgh, 1991; Hirsch et al., 2006). Its sensitivity approaches
100% when detecting the presence of an aneurysm (Wilmink, Forshaw, Quick, Hubbard, &
Day, 2002). It is advantageous to be repeatable and not contain radiation. However,
interobserver differences, obesity, and difficulty in assessing intestinal gas are limitations of
ultrasonographic imaging (Long, Rouet, Lindholt, & Allaire, 2012).

Aneurysm Types and Etiologies

1) Etiology of Thoracic Aortic Aneurysm (TAA)

Treatment varies according to the cause and location of TAA. The size of the thoracic
aorta differs according to age, gender, and height (Biaggi et al., 2009). Aortic root, ascending
aorta, and associated aneurysms are the most common (60%), followed by descending aorta
(30%) and arcus aortic aneurysms (10%). Risk factors are hypertension, smoking,
hypercholesterolemia, and genetics (Obel et al., 2021). Aortic root and ascending thoracic aortic
aneurysms correlate more with genetics and manifestation at a young age, while descending
thoracic aortic aneurysms tend to occur more in degenerative and elderly patients (Vapnik et
al., 2016). Marfan, Ehlers Danlos, Loeys-Dietz Syndrome, gene mutations such as MYH11,
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PRKG1, MYLK, bicuspid aortic valve, Turner Syndrome, aortic coarctation, congenital heart
diseases (tetralogy of Fallot, transposition of great vessels, truncus arteriosus), hypertension,
history of aortic dissection, giant cell arteritis, Takayasu, Behget's disease, thoracic aortic
aneurysm are etiological factors that should be considered (Pinard, Jones, & Milewicz, 2019).

2) Etiology of Abdominal Aortic Aneurysm (AAA)

Smoking history, old age, male gender, family history of FMF, atherosclerotic
cardiovascular disease history, hypertension, hyperlipidemia are the most critical risk factors
(Altobelli, Rapacchietta, Profeta, & Fagnano, 2018; Kent et al., 2010; Kuivaniemi et al., 2003;
Larsson, Granath, Swedenborg, & Hultgren, 2009; Sakalihasan et al., 2014; Tang et al., 2016).
Although AAA shares common risk factors with atherosclerosis, it is histopathologically
different. It is characterized by medial degeneration of the aortic wall (Davies, 1998). Most
AAAs develop intraluminal thrombi, contributing to continued wall disruption through
oxidative stress, smooth muscle cell apoptosis, and adventitial inflammation (Sakalihasan et al.,
2018). The complex interplay of genetic and environmental risk factors contribute to FMF,
particularly advanced age, male gender, smoking, and positive family history. Patients with
FMF have a family history of 10-25% (Sakalihasan et al., 2014).

Following of TAA and AAA

When TAA or AAA is detected in patients, it should be followed up at regular intervals.
Considering factors such as size, age, and cause of aneurysm, early medical treatment, and
surgical or endovascular repair should be considered if necessary.

TTE is a good option in patients with thoracic aortic dilatation (TAD) not at the surgical
threshold. It provides clear images of the aortic root and ascending aorta and is reproducible.
TEE is an excellent alternative to evaluate aortic valve anatomy and aortic dimensions in
patients whose use does not provide clear images (Loren F Hiratzka et al., 2010). Cross-
sectional imaging with CT is the gold standard method. Surveillance imaging frequency should
be adjusted individually, and conditions such as the cause of aneurysm, aortic diameter, rate of
past aortic enlargement, the proximity of diameter to the surgical threshold, and patient age
should be considered. Since the rate of aortic enlargement due to non-genetic and syndromic
reasons is relatively slow, the observation interval can be extended.

Abdominal USG has become the standard for AAA imaging and is widely used. CT is
mainly used in preoperative planning because it provides the best visualization of the aorta and
its branches. MRI is an alternative to CT. Scan every three years when AAA is 3-3.9 cm,
imaging every three years when 4-4.9 cm (male), 4-4.4 cm (female) annually, and every six
months when >5 cm (male), >4.5 cm (female).

Keeping Blood Pressure Under Control

Blood pressure control in TAA aims to slow its expansion, reduce possible compression
on the aortic wall, prevent aortic dissection, and reduce non-aortic cardiovascular events such
as myocardial infarction (MI) and stroke. Uncontrolled hypertension increases the risk of aortic
dissection. For this reason, a blood pressure target of <130/80 should be achieved using
antihypertensives in people with TAA (Ladouceur et al., 2007). Angiotensin receptor blocker
(ARB)-beta blocker combination should be considered in the choice of antihypertensive as it
causes slow enlargement of the aorta (Hofmann Bowman, Eagle, & Milewicz, 2019).

The main goal of antihypertensive therapy in AAA is to reduce cardiovascular events
such as myocardial infarction and stroke and to prevent aneurysm enlargement and rupture.
Uncontrolled hypertension is a well-known risk factor for aortic rupture and dissection. Thus,
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achieving a blood pressure target of <130/80 reduces adverse clinical outcomes (Lewington,
Clarke, Qizilbash, Peto, & Collins, 2002).

As a result, patients must keep blood pressure under control as <130/80, regardless of
TAA or AAA.

Surgical Management of Aortic Aneurysms

It is usually asymptomatic, so surgery and endovascular intervention aim to reduce the
risk of death by preventing conditions such as aortic dissection and rupture (M. J. Thubrikar,
1999).

Elective surgery for aortic root and ascending aortic aneurysms should be considered
when the risk of rupture outweighs the risks of surgery (M. J. Thubrikar, 1999).

As large aneurysms expand, they can cause symptoms such as chest and back pain. In
addition, pain may be an indication that the aorta is overgrowing. Consequently, the appearance
of these symptoms indicates an increased risk of aneurysm rupture, and surgery becomes
indicated (Howard et al., 2013).

Maximum aortic diameter >5.5 cm is the primary criterion for elective surgery to the
aortic root and ascending TAA (Borger et al., 2018; Svensson et al., 2013). In addition, >0.5
cm of growth per year confirmed by CT or MRI is another indication for surgery (Borger et al.,
2018; Svensson et al., 2013). According to a study, 4-4.4 cm diameter increases the risk of
dissection 89 times, while >4.5 cm diameter increases it 348 times (Paruchuri et al., 2015).

Comparison of open surgery and endovascular repair in thoracoabdominal aneurysm
(TAAA)

There is no randomized controlled trial comparing the early or late outcome of open
surgery and endovascular repair for TAAA. Open surgical repair remains the treatment of
choice.

Aortic dissection

Patients usually present with "predatory"” or "sharp and piercing™ pain in the chest, back,
and sometimes in the abdomen, as described in the books. They may also present with other
signs and symptoms depending on the level of involvement: >20 mmHg blood pressure
difference between the extremities, dysphagia, dyspnea, hemoptysis, hoarseness, hematuria,
syncope, etc (Bossone, LaBounty, & Eagle, 2017; Bossone et al., 2013; Evangelista et al., 2018;
Nienaber et al., 2004).

A plain chest X-ray is not diagnostically helpful. However, some findings may raise the
suspicion of aortic dissection and suggest alternative diagnoses for present symptoms (Strayer,
Shearer, & Hermann, 2012).

Signs of dissection on chest x-ray (Strayer et al., 2012)

-Mediastinal enlargement

- Disruption of the prominent contour of the aortic knob

- "Calcium sign," which occurs as a separation of intimal calcification from the aortic
wall by >5 mm

-Dual-density view inside the aorta
-Right trachea deviation
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-Deviation of the nasogastric tube to the right

CT, MRI, and TEE accurately diagnose dissection (Shiga, Wajima, Apfel, Inoue, & Ohe,
2006). Acute aortic dissection risk scoring systems (aortic dissection detection risk score
[AAD-RS] (L. F. Hiratzka et al., 2010; Nazerian et al., 2018) (Table-1), aortic simplified risk
score [AORTA] (Ohle, Anjum, Bleeker, & Mclsaac, 2019) (Table-2), may be stimulating in
the diagnostic evaluation of patients.

Table -1. AAD-RS (L. F. Hiratzka et al., 2010; Nazerian et al., 2018)

High-risk conditions High-risk pain characteristics High-risk examination findings
Marfan or other connective Sudden onset Pulse deficit or blood pressure
tissue diseases difference
Family history of aortic Severe intensity Focal neurological deficit
disease
Known aortic valve disease Predatory Aortic regurgitation murmur
Recent aortic manipulation Hypotension or shock
Known TAA

For each risk As a result, a score 0- Low risk
category, 1 point is between 0-3 will occur. 1- Moderate risk

given if there is >1 risk ) . .

factor. 2-3  Highrisk

Table-2. AORTA (Ohle et al., 2019)
Clinical features Points

Hypotension/shock

Aneurysm

Heart rate deficit

Neurological deficit

Severe pain

NI S

Sudden onset of pain

Total score >2 high probability 0 -1 low probability

Although CT, MRI, and TEE have high sensitivity and specificity, CT has become the
preferred modality due to its easy access, objective results, and rapid implementation. It has
been the first diagnostic method that comes to mind because it can clearly show the diagnosis
and the entire scope, vascular involvement, and dissection starting point. Detecting pericardial
effusion, hemopericardium, hematoma, and pleural effusion provides clinically important
information to the surgeon before the surgery of the patients (Shiga et al., 2006).

TEE is a good alternative for patients with contrast material allergies or who do not have
enough time to go to the CT scan room. It is non-invasive and can be applied at the bedside
with an experienced user; it can show complications such as pericardial effusion and tamponade
(Evangelista et al., 2010; Goldstein et al., 2015).

Medical management of aortic dissection

They need to be treated immediately. Emergency surgery (patients with type A
dissection), endovascular intervention (patients with type B dissection), or both should be
considered. Pain management is also crucial, along with pulse and blood pressure control. The
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patient's pain can increase the degree of dissection by making it difficult to control blood
pressure (Fattori et al., 2013; Jonker et al., 2012; N. Lu et al., 2019; Qin et al., 2016; Wang et
al., 2020). Studies have shown that medical treatment is essential in reducing long-term side
effects and surgical and endovascular repair. Beta-blockers and intravenous vasodilators are
preferred for primary treatment in emergency departments to reduce heart rate and blood
pressure. Oral treatment with beta-blockers, angiotensin receptor blockers, and angiotensin-
converting enzyme inhibitors has also improved long-term outcomes after discharge (Suzuki et
al., 2012; Ulici et al., 2017).

Conclusion

We need to know the aorta, the largest artery in our body; any change can cause fatal
complications. Anatomy of the aorta and which etiological factors are affected should be well
known. Among the known diagnoses, it is one of the diseases with the mortal course and the
fastest worsening of the patient's clinic. It is a preventable disease, especially by following up
on symptomatic patients with risk factors, appropriate imaging methods, and arranging medical
treatment. Therefore, when such patients are encountered in the emergency department or
outpatient clinics, they should be addressed and followed up. Therefore, we prevent aortic
dissection, which is more challenging to manage than other diseases, from becoming more
common in emergency services.
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A. Unveiling the Evolution of Brain-Computer Interfaces

Brain-Computer Interfaces (BCls) have emerged as a groundbreaking field at the
intersection of medicine and technology. These interfaces facilitate direct communication
between the human brain and external devices, opening up possibilities for assisting individuals
with various neurological conditions. To comprehend the present state and envision the future
of BCls, tracing their evolution and acknowledging the pioneering breakthroughs that have
shaped this remarkable field is essential (Zimmermann, 2006).

Tracing the Journey of Brain-Computer Interface Technology:

The journey of Brain-Computer Interface technology can be traced back to the early
experiments in the mid-20th century. Initial studies primarily focused on recording brain
activity through invasive techniques, such as electrocorticography and single-neuron
recordings. However, the development of non-invasive techniques, including
electroencephalography (EEG) and functional magnetic resonance imaging (fMRI), opened up
new avenues for BCI research (Alonso-Valerdi, Salido-Ruiz, & Ramirez-Mendoza, 2015; Gao,
Wang, Chen, & Gao, 2021).

Pioneering Breakthroughs in Brain-Computer Interfaces:

Throughout the history of BCls, several significant breakthroughs have propelled the field
forward. One notable milestone was the discovery of the event-related potential (ERP)
component known as the P300, which demonstrated the possibility of decoding user intentions
through brain signals. This finding laid the foundation for the development of early BCI
systems. Another key advancement was the successful demonstration of brain-controlled
robotic devices, enabling individuals to perform complex tasks using their thoughts. These
pioneering breakthroughs showcased the transformative potential of BCIs in empowering
individuals with disabilities (He, Yuan, Meng, & Gao, 2020; Nijholt et al., 2008).

B: A Closer Look at the Diverse Types of Brain-Computer Interfaces

Brain-Computer Interfaces (BCIs) encompass diverse technologies that enable direct
communication between the human brain and external devices. Understanding the different
variants of BCls and their applications is crucial in comprehending their breadth of possibilities
in various domains, including medicine, assistive technologies, and neurorehabilitation
(Ganguly et al., 2009; Waldert et al., 2009).
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Decoding the Variants of Brain-Computer Interfaces:

Brain-Computer Interfaces can be categorized based on the underlying techniques and
modalities used to acquire and interpret brain signals. One prominent type is the
electroencephalography (EEG)-based BCI, which measures electrical brain activity through
electrodes placed on the scalp. EEG-based BCls are non-invasive, portable, and have found
applications in areas such as communication, control of external devices, and neurofeedback
therapy (Haar, Dinstein, Shelef, & Donchin, 2017).

Another variant is the invasive BCI, which involves implanting electrodes directly into
the brain tissue to record neural signals with higher spatial resolution. Invasive BCls offer finer
control and higher information transfer rates, making them suitable for applications like
neuroprosthetics and restoring motor function in individuals with paralysis (Diedrichsen,
Wiestler, & Krakauer, 2013; Leeb et al., 2007).

Additionally, hybrid BCIs combine multiple modalities, such as EEG and functional near-
infrared spectroscopy (fNIRS), to enhance the accuracy and reliability of signal acquisition.
These hybrid systems leverage the complementary strengths of different modalities to improve
overall BCI performance (Takahashi et al., 2017).

Understanding the Applications and Modalities:

The applications of BCls span a wide spectrum, including assistive technologies for
individuals with disabilities, neurorehabilitation for motor disorders, and cognitive
enhancement. BClIs have shown promise in enabling communication for individuals with severe
paralysis, restoring motor control in patients with spinal cord injuries, and even enhancing
cognitive functions in healthy individuals (J. Wolpaw, Birbaumer, McFarland, Pfurtscheller, &
Vaughan, 2002).

Modalities within BClIs can vary depending on the specific application. Motor imagery-
based BCls rely on decoding brain signals associated with imagined movements, while sensory-
based BCls tap into the brain's response to external stimuli. Cognitive-based BCIs leverage
brain activity patterns related to attention, memory, and other cognitive processes to enable
interaction with external devices (Pfurtscheller, Miiller, Pfurtscheller, Gerner, & Rupp, 2003;
Schneider, Fins, & Wolpaw, 2012).

Understanding the diverse types of BCls and their applications is vital for harnessing their
potential in addressing various challenges individuals with neurological conditions face.
C: Unraveling the Mechanisms: How Brain-Computer Interfaces Work

Brain-Computer Interfaces (BCls) operate on intricate principles that enable the
translation of neural activity into meaningful commands for external devices. Unraveling the
mechanisms behind BCls is essential for comprehending the fascinating interaction between
the human brain and machines, bridging the gap between these two realms (Vaughan et al.,
2003; J. R. Wolpaw et al., 2000).

Delving into the Principles of Brain-Computer Interface Technology:

BCls rely on the fundamental principle of neuroplasticity—the brain's ability to adapt and
reorganize itself based on experience and learning. By exploiting this plasticity, BCIs can
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establish a communication pathway between the brain and external devices (Daly & Wolpaw,
2008).

The process of BCI operation involves multiple stages. Initially, neural signals are
acquired using various techniques such as electroencephalography (EEG), electrocorticography
(EC0G), or intracortical recordings. These signals are then processed to extract relevant
features, such as spectral patterns or event-related potentials (Blankertz, Tomioka, Lemm,
Kawanabe, & Muller, 2007; Lotte et al., 2018; Lotte, Congedo, Lécuyer, Lamarche, & Arnaldi,
2007).

Next, sophisticated algorithms and signal-processing techniques are employed to interpret
the extracted features and translate them into actionable commands. Machine learning
algorithms, such as support vector machines (SVMs) or artificial neural networks, are
commonly employed to decode the user's intention from the recorded brain activity (Collinger
et al., 2013; Lebedev & Nicolelis, 2006; Millan et al., 2010).

Finally, the decoded commands control external devices, ranging from robotic prosthetics
to virtual avatars or computer interfaces. The interface between the BCI and the device can be
achieved through direct electrical stimulation, electromyography (EMG), or other output
modalities.

Bridging the Gap Between Brain and Machine:

The successful functioning of BCIs relies on establishing effective bidirectional
communication between the brain and the external device. Feedback mechanisms play a crucial
role, enabling users to perceive and interpret the output generated by the BCI. Real-time
feedback provides a closed-loop system, allowing users to adapt and refine their brain signals
based on the external feedback they receive (Millan et al., 2010).

To bridge the gap between brain and machine, BCls also require calibration and training
sessions to establish reliable and accurate signal decoding. Users undergo training protocols to
enhance their control over the BCI and improve signal-to-command mapping.

Understanding the principles and mechanisms underlying BCls is instrumental in
advancing their development and optimizing their performance, ultimately leading to more
seamless and intuitive interactions between the human brain and external technologies (Gao et
al., 2021).

D. Overcoming Challenges: The Limitations of Brain-Computer Interfaces

While Brain-Computer Interfaces (BCIs) hold immense potential, they are not without
limitations. Exploring the frontiers of BCI technology involves a comprehensive understanding
of and actively addressing these challenges. By identifying and overcoming hurdles, researchers
strive to push the boundaries of what BCIs can achieve, seeking innovative solutions to enhance
their capabilities.

Exploring the Frontiers of Brain-Computer Interface Technology:

BCls face several inherent challenges that limit their performance and widespread
adoption. One primary challenge lies in the acquisition of accurate and reliable brain signals.
Various factors can affect signal quality, including noise interference, signal artifacts, and
variations in brain activity across individuals. Advancements in signal processing techniques,
sensor technologies, and data analysis methods are continually being pursued to mitigate these
challenges.
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Another frontier is enhancing the adaptability and robustness of BCIs. Users' neural
signals can evolve, requiring continuous calibration and adaptation to maintain optimal
performance. Developing adaptive algorithms and personalized training paradigms can aid in
overcoming this limitation, allowing BCls to accommodate changes in brain activity and user
needs.

Addressing Hurdles and Seeking Solutions:

The development of BCIs necessitates addressing ethical and practical considerations.
Ensuring user privacy, data security, and informed consent are critical when dealing with
sensitive brain-related information. Researchers and policymakers collaborate to establish
guidelines and regulations to protect the rights and well-being of BCI users.

Improving the usability and user experience of BClIs is another vital aspect. Streamlining
the setup and calibration processes, reducing system complexity, and providing intuitive user
interfaces can enhance the acceptance and usability of BCls for individuals with varying levels
of technical expertise.

Furthermore, integrating BClIs with existing medical practices and assistive technologies
requires interdisciplinary collaboration and standardization efforts. Aligning protocols, data
formats, and interoperability standards among BCI systems can facilitate advancements and
widespread adoption.

By actively addressing these challenges and seeking innovative solutions, researchers and
engineers strive to push the frontiers of BCI technology, making BCIs more accessible, reliable,
and beneficial for a broader range of applications and users.

E. Envisioning the Future: Advancements on the Horizon

The future of Brain-Computer Interfaces (BCls) holds immense promise, with a multitude
of advancements and possibilities on the horizon. By exploring futuristic prospects and
emerging trends in BCI technology, we can envision a future where BCIs revolutionize
healthcare, communication, neurorehabilitation, and human-machine interactions.

Futuristic Prospects and Possibilities:

BCls have the potential to transform various domains in unprecedented ways. In
healthcare, BCls may enable novel treatments for neurological disorders by providing targeted
stimulation or promoting neural plasticity. They could revolutionize communication by
allowing direct brain-to-brain communication, bypassing traditional sensory channels.
Moreover, BCIs might enhance human cognition and memory, opening up possibilities for
cognitive augmentation and accelerated learning.

Emerging Trends in Brain-Computer Interface Technology:

Several emerging trends are shaping the future of BCI technology. One notable trend is
the integration of BCIs with augmented and virtual reality (AR/VR) technologies, creating
immersive experiences and enabling neurofeedback-based training and therapy. Additionally,
the development of miniaturized and wireless sensors offers greater mobility and comfort for
users, facilitating long-term use of BCls in real-world settings.

Another trend is incorporating artificial intelligence (Al) and machine learning techniques
into BCIs. Al algorithms can enhance signal processing, improve decoding accuracy, and
enable adaptive BCI systems that adapt to users' changing brain patterns. These advances hold
the potential to create more robust and personalized BCI applications (Millan et al., 2010).
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Furthermore, exploring novel BCI modalities, such as optogenetics, nanotechnology, or
hybrid brain-machine interfaces, presents exciting avenues for future research. These
modalities aim to enhance the specificity, resolution, and biocompatibility of BCls, further
expanding their capabilities and potential applications.

By embracing these emerging trends and fostering interdisciplinary collaborations,
researchers, engineers, and healthcare professionals can shape a future where BClIs transform
lives, pushing the boundaries of what is currently deemed possible (Lebedev & Nicolelis, 2006).

F. Enhancing Quality of Life: Transformative Potential of Brain-Computer Interfaces

Brain-Computer Interfaces (BCIs) hold tremendous transformative potential in enhancing
the quality of life for individuals with neurological conditions. By empowering individuals
through BCls and revolutionizing healthcare and assistive technologies, we can unlock new
possibilities for independence, communication, and improved well-being.

Empowering Individuals through Brain-Computer Interfaces:

BCls empower individuals by restoring or augmenting their abilities to interact with the
world. For individuals with severe motor impairments, BCls offer a means to communicate,
control their environment, and regain a sense of agency. By decoding their intentions and
translating them into actions, BClIs can enable individuals to type, operate robotic prosthetics,
or navigate assistive technologies with their thoughts.

BCls also have the potential to enhance cognitive abilities. Brain-computer interfaces can
be utilized to create closed-loop systems that provide neurofeedback, enabling users to improve
attention, memory, and cognitive processing. This cognitive enhancement can benefit
individuals with attention deficits, memory impairments, or other cognitive challenges
(Vaughan et al., 2003).

Revolutionizing Healthcare and Assistive Technologies:

The impact of BCls extends beyond individual empowerment and reaches into healthcare
and assistive technology domains. In healthcare, BCls have the potential to revolutionize
diagnostics and treatment by providing objective measures of brain activity and enabling
personalized interventions. BCls can assist in neurorehabilitation, facilitating recovery from
motor disorders, stroke, or traumatic brain injuries by leveraging neuroplasticity and offering
targeted therapy.

BClIs also play a crucial role in assistive technologies. Individuals with motor
impairments can regain mobility and independence by integrating BCls with prosthetics,
exoskeletons, and other assistive devices. BClIs enable direct brain control of these devices,
creating seamless interfaces between the human mind and external technologies (Gao et al.,
2021).

Moreover, BCls have the potential to enhance the lives of individuals with
neurodegenerative diseases, such as amyotrophic lateral sclerosis (ALS) or spinal muscular
atrophy (SMA), by enabling communication and control even in the later stages of the disease.

The transformative potential of BCls in healthcare and assistive technologies improves
the lives of individuals with neurological conditions and inspires advancements in research,
policy, and accessibility, fostering a more inclusive and supportive society.

G. Empowering Movement: Brain-Computer Interfaces for Motor Disorders

33



Brain-Computer Interfaces (BCIs) have the potential to revolutionize the treatment of
movement disorders by offering new avenues for restoring mobility and empowering
individuals. Through the integration of BClIs, we can unleash the potential of these interfaces
in improving the lives of individuals with motor disorders, opening doors to increased
independence and mobility (Takahashi et al., 2017).

Revolutionizing the Treatment of Movement Disorders:

Movement disorders, such as paralysis, Parkinson's disease, or spinal cord injuries,
impose significant limitations on individuals' ability to perform basic motor functions. BCls
offer a transformative approach to address these challenges by bypassing the impaired motor
pathways and directly decoding neural signals associated with intended movements.

By leveraging BCls, individuals with movement disorders can regain control over their
environment and restore their ability to engage in daily activities. BCls can enable them to
operate assistive technologies, control robotic prosthetics, or manipulate virtual avatars using
their own neural activity. This revolutionizes the treatment landscape, providing individuals
with newfound independence and improving their overall quality of life (Diedrichsen et al.,
2013).

Unleashing the Potential of Brain-Computer Interfaces in Restoring Mobility:

BCls hold immense potential in restoring mobility for individuals with motor disorders.
By decoding the neural signals related to movement intentions, BCIs can drive exoskeletons or
orthoses, enabling individuals to regain ambulation. This breakthrough technology offers an
opportunity for individuals with paralysis or gait impairments to regain the ability to walk and
perform activities that were previously beyond their reach.

BCls can also be harnessed for neurorehabilitation purposes, facilitating the recovery and
relearning of motor skills. BCls can promote neural plasticity, enhance rehabilitation outcomes,
and accelerate recovery by providing real-time feedback and guiding individuals through motor
tasks.

The integration of BCls with motor disorder treatments presents a paradigm shift in
addressing movement impairments. By harnessing the potential of BCls, we can unlock new
possibilities for restoring mobility, promoting independence, and enhancing the overall well-
being of individuals with motor disorders (Haar et al., 2017).

H. Beyond Boundaries: Brain-Computer Interfaces for Paralysis

Brain-Computer Interfaces (BCIs) offer remarkable possibilities for individuals with
paralysis, breaking barriers and redefining their ability to communicate, control their
environment, and regain independence. By harnessing the power of BCIs, we can empower
individuals with paralysis to overcome physical limitations and enhance their quality of life
(Haar et al., 2017).

Breaking Barriers: Restoring Independence with Brain-Computer Interfaces:

Paralysis, whether caused by spinal cord injuries, neurological conditions, or other
factors, severely limits an individual's ability to move and interact with the world. BCls provide
a pathway for restoring independence by bypassing the impaired motor pathways and enabling
direct communication between the brain and external devices.

With BCls, individuals with paralysis can regain control over their environment and
perform actions previously out of reach. They can type messages, control robotic limbs,

34



manipulate virtual objects, or navigate assistive technologies using their neural signals. These
interfaces empower individuals, allowing them to engage in daily activities, connect with
others, and regain a sense of agency and autonomy (He et al., 2020).

Redefining Communication and Control for Individuals with Paralysis:

BCls redefine communication and control for individuals with paralysis, opening up new
avenues for self-expression and interaction. Through the decoding of brain signals, BCls enable
individuals to communicate through speech synthesis, text-based communication, or even
direct brain-to-brain communication. These interfaces provide a lifeline for individuals who are
unable to speak or use traditional means of communication.

Moreover, BCIls expand the possibilities of control beyond physical limitations.
Individuals with paralysis can operate devices, control their environment, and engage in leisure
activities using their thoughts alone. This redefines the boundaries of control and offers a new
level of independence for individuals with paralysis.

By embracing the potential of BCls, we can transform the lives of individuals with
paralysis, enabling them to break free from physical constraints, communicate with the world,
and redefine their sense of self (Collinger et al., 2013).

I. Promising Possibilities: Benefits of Brain-Computer Interfaces for Movement
Disorders and Paralysis

Brain-Computer Interfaces (BCIls) offer promising possibilities and transformative
benefits for individuals with movement disorders and paralysis. By harnessing the potential of
BCls, we can unleash a new era of improved quality of life, independence, and well-being for
those facing these challenges.

Unleashing Potential: Transforming Lives through Brain-Computer Interfaces:

BCls hold the key to transforming lives by enabling individuals with movement disorders
and paralysis to regain control over their bodies and environment. These interfaces provide a
direct communication pathway between the brain and external devices, circumventing the
limitations imposed by impaired motor functions.

Through BCls, individuals can regain the ability to perform essential motor functions,
such as grasping objects, walking, or speaking. They can control assistive technologies,
prosthetic limbs, or robotic devices with their thoughts, enabling them to navigate the world
with newfound independence and agency.

Illuminating the Path to Improved Quality of Life:

The benefits of BCIs extend beyond regaining motor control. BCls can potentially
enhance the overall quality of life for individuals with movement disorders and paralysis. By
restoring or augmenting communication abilities, BCIs provide a means for individuals to
express themselves, connect with others, and actively participate in social interactions.

Furthermore, BCls can contribute to neurorehabilitation efforts, promoting recovery, and
facilitating motor skill relearning. The ability to provide real-time feedback and personalized
training through BClIs enhances rehabilitation outcomes, accelerates the recovery process, and
improves functional outcomes.

The possibilities offered by BCls illuminate a path to improved quality of life, fostering
a sense of empowerment, dignity, and well-being for individuals facing movement disorders
and paralysis (Gao et al., 2021; Lebedev & Nicolelis, 2006; Lotte et al., 2018).
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G. Onward to the Horizon: Envisioning the Future of Brain-Computer Interface
Technology

The future of Brain-Computer Interface (BCI) technology is a horizon brimming with
possibilities and uncharted waters. By charting the course for advancements in BCIs, we can
navigate towards a future where these interfaces reach new levels of sophistication, integration,
and transformative impact.

Charting the Course for Brain-Computer Interface Advancements:

Advancements in BCls will be driven by a multidimensional approach, encompassing
technological innovations, scientific discoveries, and interdisciplinary collaborations. Refining
signal acquisition techniques like high-density electroencephalography (EEG) arrays and novel
implantable sensors will enhance recorded brain activity's spatial and temporal resolution.
Additionally, advancements in machine learning algorithms, deep neural networks, and
artificial intelligence will enable more accurate and robust decoding of complex brain signals
(Blankertz et al., 2007; Lotte et al., 2018).

Integration is another crucial aspect. BCls will converge with other cutting-edge
technologies, such as augmented and virtual reality (AR/VR), internet of things (loT), and
wearable devices, creating synergistic systems with seamless human-machine integration.
These integrations will enhance user experience, expand application domains, and enable more
natural and intuitive interaction between individuals and their environment.

Navigating the Uncharted Waters of Tomorrow's Technology:

The future of BCls will witness the emergence of novel modalities and applications.
Optogenetics, nanotechnology, and hybrid brain-machine interfaces will unlock new frontiers
in BCI research, offering enhanced spatial resolution, biocompatibility, and specificity. These
advancements will enable precise control and modulation of neural activity, paving the way for
groundbreaking therapeutic interventions and neuroprosthetics.

BCls will extend beyond medical and assistive domains, finding applications in areas
such as gaming, entertainment, and cognitive enhancement. BCls will redefine the boundaries
of human-machine interactions, allowing individuals to seamlessly interface with virtual
environments, control avatars with their thoughts, and unlock new realms of cognitive potential.

Moreover, ethical, legal, and societal considerations will shape the future of BCls.
Regulations and guidelines will be developed to ensure privacy, informed consent, and
equitable access. Interdisciplinary dialogues and collaborations among researchers, clinicians,
policymakers, and ethicists will be vital to navigate these uncharted waters and address the
multifaceted implications of BCI technology.

As we sail towards the future, envisioning the horizon of BCls, we must embrace an agile
and forward-thinking mindset, fueled by curiosity, collaboration, and a shared vision to harness
the transformative potential of this remarkable technology (Gao et al., 2021; Lebedev &
Nicolelis, 2006; Lotte et al., 2018).

To Summarize:

In this chapter, we have delved into the fascinating world of Brain-Computer Interfaces
(BCls) and explored their convergence with medicine and technology. We began by tracing the
evolution of BCls, from their early beginnings to the pioneering breakthroughs that have shaped
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their development. We then examined the diverse types of BClIs, including
electroencephalography (EEG)-based, invasive, and hybrid interfaces, and explored their
applications and modalities in various domains.

Next, we unraveled the mechanisms behind BCls, understanding the principles that allow
these interfaces to translate neural activity into actionable commands. We discussed bridging
the gap between the brain and machines, highlighting the importance of calibration, training,
and feedback mechanisms in optimizing BCI performance.

We also acknowledged the challenges and limitations that BCIls face. From signal
acquisition to adaptability and usability, we explored the ongoing efforts to address these
hurdles and find innovative solutions. Additionally, ethical, and practical considerations were
highlighted, emphasizing the need for privacy, security, and standardization in BCI technology.

Throughout the chapter, we emphasized the transformative potential of BCls. We
discussed how BClIs can empower individuals with movement disorders and paralysis,
revolutionizing their treatment and offering new possibilities for restoring mobility and
independence. We also explored the benefits of BCIs in enhancing quality of life,
communication, and control for individuals facing neurological conditions.

Looking towards the future, we envisioned the horizon of BCI technology. We discussed
the promising possibilities of advancements, including the integration of BCls with augmented
reality, artificial intelligence, and emerging modalities. We emphasized the importance of
charting the course for BCI advancements and navigating the uncharted waters, considering
this transformative technology's ethical, legal, and societal implications.

In conclusion, BCls hold immense promise in revolutionizing healthcare, assistive
technologies, and human-machine interactions. With ongoing research, collaboration, and
innovation, we can unleash the full potential of BCls, transforming lives and opening doors to
a future where the boundaries between the human brain and technology blur, creating a world
of enhanced communication, mobility, and quality of life.
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Pyogenic Spondylodiscitis

Cihan SEMET!

Introduction

Pyogenic spondylodiscitis, also known as infectious spondylodiscitis, is a rare but
potentially debilitating condition involving infection and inflammation of the intervertebral
discs and adjacent vertebral bodies (Gouliouris et al., 2010). This spinal infection is primarily
caused by bacteria, with Staphylococcus aureus being the most common pathogen (Rutges et
al., 2015). Pyogenic spondylodiscitis can occur at any age and affect any part of the spine, but
it most commonly affects the lumbar spine (Berbari et al., 2015). Symptoms of pyogenic
spondylodiscitis include severe back pain, fever, muscle spasms, and neurological deficits
(Zimmerli, 2010). Early diagnosis and appropriate treatment are essential to prevent serious
complications such as spinal instability, deformity, or paralysis (Kehrer et al., 2014).

Although pyogenic spondylodiscitis is rare, its incidence has steadily increased in recent
years, mainly due to an aging population, a higher prevalence of chronic diseases, and increased
use of invasive spinal procedures (Akiyama et al.,, 2013). The incidence of pyogenic
spondylodiscitis is estimated to be 2.4-7.5 cases per 100,000 people per year, with higher rates
reported in immunocompromised individuals and those with underlying medical conditions
(Trecarichi et al., 2012). Pyogenic spondylodiscitis significantly impacts both patients and
healthcare systems, often leading to prolonged hospital stays, the need for surgical intervention,
and long-term disability (Alton et al., 2015).

The study's primary objective is to comprehensively review the current literature on
pyogenic spondylodiscitis, focusing on its epidemiology, pathophysiology, clinical
presentation, diagnostic modalities, and treatment options (Issa et al., 2018). This study aims to
identify the risk factors associated with pyogenic spondylodiscitis and to discuss the challenges
in its early diagnosis and management (Torda et al., 1995). By synthesizing the existing
knowledge on this topic, we hope to contribute to developing evidence-based guidelines for
preventing, diagnosing, and treating pyogenic spondylodiscitis, ultimately improving patient
outcomes and reducing the burden on healthcare systems (Cottle & Riordan, 2008).

Etiology and Pathogenesis

Pyogenic spondylodiscitis results from the hematogenous spread of bacteria from a
primary site of infection or by direct inoculation during spinal surgery or invasive procedures
(Nickerson & Sinha, 2016). Common primary sources of infection include the skin, soft tissues,
respiratory tract, genitourinary tract, and gastrointestinal tract (Mylona et al., 2009). In some
cases, the primary source of infection may not be identified. Risk factors for developing
pyogenic spondylodiscitis include immunosuppression, diabetes mellitus, intravenous drug use,
renal insufficiency, and a history of spinal surgery or instrumentation (Marie Beronius et al.,
2001).

Staphylococcus aureus is the most common pathogen in pyogenic spondylodiscitis,
accounting for 40-60% of cases (McHenry et al., 2002). Other bacterial pathogens include
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Streptococcus species, Escherichia coli, and Pseudomonas aeruginosa (Grammatico et al.,
2007). Rarely, fungal and mycobacterial organisms can cause spondylodiscitis., The virulence
factors of these microorganisms contribute to their ability to invade the disc and vertebral
bodies, resist host immune defense and cause tissue damage (Norden & Niederriter, 1988).
Among the virulence factors, bacterial adhesins, proteases, and biofilm formation play an
essential role in the pathogenesis of pyogenic spondylodiscitis (Zimmerli & Sendi, 2011).

The immune system controls and eliminates infections. However, several factors
contribute to the establishment and progression of infection in pyogenic spondylodiscitis. The
avascular nature of the disc limits the immune response and the delivery of antibiotics,
facilitating bacterial colonization (Hawley et al., 1996). In addition, the biofilms formed by
bacteria further impair the immune response and antibiotic penetration, making the infection
difficult to treat (Donlan & Costerton, 2002). In addition, underlying medical conditions or
immunosuppressive treatments can weaken the host's immune response, increasing
susceptibility to pyogenic spondylodiscitis (Nussbaum et al., 1992).

Clinical Findings and Diagnosis

The clinical presentation of pyogenic spondylodiscitis is often insidious and non-specific,
making early diagnosis difficult (Carragee, 1997). Common signs and symptoms include
localized back pain, tenderness, muscle spasms, and reduced spinal mobility (Govender, 2005).
Systemic symptoms such as fever, chills, and malaise may also be present. In more advanced
cases, neurological deficits such as motor weakness, sensory disturbances, or bowel and bladder
dysfunction may occur due to compression or irritation of the spinal cord or nerve roots
(Darouiche, 2006).

Blood tests are helpful in the diagnosis of pyogenic spondylodiscitis. Elevated
inflammatory markers such as C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR) are common, although they are not specific to this condition (Skaf et al., 2010). A
complete blood count may show leukocytosis, suggesting systemic infection. Blood cultures
should be obtained to identify the causative organism and guide antibiotic therapy. However,
blood cultures are positive in only 30-60% of cases (Gemmel et al., 2010).

Conventional radiography (X-ray) is often the first imaging modality used, but it has low
sensitivity, especially in the early stages of the disease (Kowalski et al., 2007). Computed
tomography (CT) provides better visualization of bone destruction and can help to assess the
extent of infection (Ledermann et al., 2003). However, magnetic resonance imaging (MRI) is
considered the gold standard for diagnosing pyogenic spondylodiscitis, with a sensitivity and
specificity of over 90% (Modic et al., 1985). MRI can detect early changes in the disc and
vertebral bodies, such as edema, inflammation, and abscess formation, and can also help assess
the involvement of adjacent soft tissues and the spinal canal (Stébler & Reiser, 2001).

Percutaneous CT- or fluoroscopy-guided biopsy of the affected disc or vertebral body is
essential for definitive diagnosis and identification of the causative organism (Zarghooni et al.,
2011). Biopsy samples should be sent for culture and susceptibility testing, histopathological
examination, and molecular testing, such as polymerase chain reaction (PCR). The results of
these analyses will guide the selection of appropriate antimicrobial therapy and help to monitor
the response to treatment (Zimmerli, 2010).

Risk Factors

Age is an important demographic risk factor for pyogenic spondylodiscitis, with a higher
incidence observed in older adults (Berbari et al., 2015). The increased susceptibility may be
due to age-related degenerative changes in the spine, decreased immune function, and a higher
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prevalence of comorbidities. The male gender has also been associated with a higher risk of
developing pyogenic spondylodiscitis, possibly due to differences in occupational exposure,
hormonal influences, or other lifestyle factors (Kehrer et al., 2014).

Due to primary immune disorders or secondary causes such as chemotherapy, organ
transplantation, or immunosuppressive drugs, immunodeficiency increases the risk of pyogenic
spondylodiscitis (Torda et al., 1995). Systemic diseases such as diabetes mellitus, chronic
kidney disease, malignancies, and cirrhosis may also predispose individuals to spondylodiscitis
by compromising immune function and increasing susceptibility to infection (Trecarichi et al.,
2012).

Invasive spinal procedures, such as spinal surgery, epidural injections, or diagnostic
lumbar punctures, can introduce infectious agents directly into the spinal structures, leading to
pyogenic spondylodiscitis (Akiyama et al., 2013). Spinal implants or hardware, such as pedicle
screws and rods, may further increase the risk of infection due to biofilm formation on foreign
materials (Sendi & Zimmerli, 2011).

Other risk factors for developing pyogenic spondylodiscitis include intravenous drug use,
which can introduce infectious agents into the bloodstream, and pre-existing spinal conditions
such as degenerative disc disease or trauma, which can compromise spinal blood flow and
predispose to infection (Butler et al., 2006, Marie Beronius et al., 2001). In addition, obesity,
smoking, and malnutrition can impair immune function and increase susceptibility to infection,
including spondylodiscitis (Gouliouris et al., 2010).

Treatment Approaches

The initial approach to treating pyogenic spondylodiscitis often involves conservative
management, including antibiotics, analgesics, and immobilization (Zimmerli, 2010).
Clinicians should initiate antibiotic therapy only after identifying the causative organism unless
clinical circumstances like severe neutropenia or sepsis are present (Ozuna & Delamarter,
1996). Based on the clinician's best judgment of the likely causative organism(s) (Ozuna &
Delamarter, 1996) and the patient's risk factors (Table 1), patients should receive empiric broad-
spectrum antibiotics. After identifying the organism, clinicians should administer targeted
intravenous antibiotics.

Table 1 Likely offending organisms in pyogenic spontaneous spondylodiscitis, based on the
patient’s clinical history or physical findings

Infection Bacteria

Skin infection Staphylococcus aureus
IVDA Pseudomonas aeruginosa
Genitourinary tract infection Escherichia coli/Proteus spp.
Respiratory tract infection Streptococcus pneumoniae
Alcoholism Klebsiella pneumoniae
Acute endocarditis Staphylococcus aureus
Subacute endocarditis Streptococcus spp.

Also the ability of bone and disc penetration should be considered. Bone penetration of
many antibiotics has been tested in vivo and in vitro, but because of the lack of standardized
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methodology, results are not always comparable (Cunha et al., 1977, Summersgill et al., 1982,
Landersdorfer et al., 2009)

With the available data we know that clindamycin, fluoroquinolones, macrolides,
rifampicin, fusidic acid, metronidazole, and linezolid reach good levels in bone tissue. Beta-
lactam antibiotics and glycopeptides achieve moderate levels, and aminoglycosides diffuse
poorly into the bone (Grados et al., 2007).

Due to the relatively low vascularity in necrotic bone, areas of poor penetration and low
oxygen tension result at the site of infection; this can compromise the activity of certain
antimicrobials such as gentamicin and vancomycin (Norden & Shaffer, 1983,4 Weinstein,
1976).

Rifampin has a good tissue penetration index and is probably active on biofilm
phenotypes. However, it should never be given as monotherapy, due to the rapid development
of resistance. Regimens including rifampin combined with other antimicrobials are widely used
in bone and joint infections; however, very few compelling data support this strategy. In fact,
the available data indicate that rifampin combination therapy is clinically effective in biofilm
infections and in the presence of prosthetic implants (Forrest & Tamura, 2010). No controlled
trials are available to de- fine weather combination therapy with rifampin is beneficial for
treating PS.

Table 2 summarizes the suggested antibiotic regimens for the i.v. treatment of pyogenic
spondylodiscitis. Suggestions are based on guidelines and a review of observational studies
(Liuetal., 2011, Skaf et al., 2010).

Table 2. Suggested antibiotic regimens for the i.v. treatment of PS

Methicillin-sensitive Staphylococcus aureus Flucloxacillin 2 g g6h iv or equivalent anti-
staphylococcal penicillin OR
Ceftriaxone 2 g daily

Methicillin-resistant Staphylococcus aureus Vancomyecin 15-20 mg/kg g12h-g8h iv aiming for pre-
dose levels of 15-20 mg/L OR

Teicoplanin 8-12 mg/kg daily iv after loading OR
Daptomycin 6 mg/kg/day IV QD 6-10 mg/kg/day IV
QD

Enterobacteriaceae Ciprofloxacin 400 mg ql12h iv or 750 mg g12h orally
OR
Ceftriaxone 2 g daily iv OR Meropenem 1 g q8h iv

Pseudomonas aeruginos Ceftazidime 2 g q8h iv+aminoglycosides OR
Meropenem 1 g q8h iv+aminoglycosides OR
Ciprofloxacin 400 mg ql12h iv or 750 mg g12h orally
OR combination of two different antibiotic classes

Streptococci Benzylpenicillin 2.4 g g6h iv OR Ceftriaxone 2 g once
daily iv

Enterococcus faecalis Amoxicillin 2 g g6h iv + gentamicin 1 mg/kg gq12h-
qsh iv

Enterococcus faecium Vancomycin 15 mg/kg q12h iv +gentamicin 1 mg/kg
g12h-q8h iv

Anaerobes Metronidazole 500 mg g8h iv OR Clindamycin 600
mg g6h i.v.
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Beta-lactams have moderate bone penetration. Nonetheless, the good tolerance and the
high dosages achievable parenterally make them the first choice for the induction treatment of
PS caused by sensitive pathogens.

Clindamycin is a bacteriostatic antibiotic with the major advantage of higher bone
penetration than beta-lactams, in the presence of relatively low serum concentrations. Because
of its good bioavailability and high levels of bone, clyndamycin is a convenient choice for oral
switch therapy in patients who can be discharged (Darley, 2004).

Quinolones are widely used to treat bone infections because they are active against a
broad spectrum of bacteria (including adherent bacteria), penetrate macrophages and PMNCs,
and reach effective bone concentration with oral administration (Hooper & Wolfson, 1991,
Desplaces & Acar, 1988, Metallidis et al., 2007). Quinolones can be also used for long periods
since they have a favorable safety profile. However, it should be considered that long antibiotic
treatments are a well-established risk factor for the development of resistant bacterial strains
(Tacconelli, 2009).

Rifampicin is peculiarly effective against bacterial biofilm and can kill phagocytosed
bacteria penetrating white blood cells; it has also good bone penetration (Zimmerli, 1998).
Rifampicin should never be used in monotherapy because of the rapid development of
resistance, but it can be used in combination therapy with beta-lactams, with quinolones, and
with vancomycin, teicoplanin or minocycline for MRSA (Clumeck et al., 1984, Yzerman,
1998). The commonest side effect is hepatic damage, so monitoring of liver function is
recommended (Darley, 2004).

Fusidic acid has good bone penetration and bactericidal activity against S. aureus but, like
rifampicin, it causes the rapid development of resistance, so it should be used in combination
therapy (Chater, 1963, Mantero et al., 2011).

Glycopeptides are the first choice in infections caused by MRSA (Darley, 2004). Using
vancomycin allows a more rapid killing of staphylococci than teicoplanin but decreases activity
in anaerobic conditions (Bailey et al., 1991). Vancomycin is more nephrotoxic but more easily
measurable in serum than teicoplanin (Wood, 1996, Lemaire et al., 2011, Legout et al., 2010).
Teicoplanin is more frequently associated with thrombocytopenia and neutropenia (Wilson et
al., 1986). Vancomycin cannot be administered once daily, whereas teicoplanin can be used for
outpatient parental therapy (Graninger et al., 1995, Le Vavasseur & Zeller, 2022, Greenberg,
1990).

Daptomycin is a new lipopeptide antibiotic, active on Gram-positive bacteria, useful in
the treatment of MRSA osteomyelitis, even if it is FDA-approved only for adults with S. aureus
bacteremia, right-sided infective endocarditis, and skin and soft tissues infections (Liu et al.,
2011). It has a rapid bactericidal activity, and there might be a possible cross-resistance with
vancomycin (Boucher & Sakoulas, 2007). An interesting feature of daptomycin is its possible
activity on biofilm infections (Leite et al., 2011). The main adverse effects are elevation in
creatinine phosphokinase (which appeared in patients treated with the maximal doses),
weakness, myalgia, and renal failure; eosinophilic pneumonia is rare (Miller et al., 2010).
Further studies on its bone penetration, safety in long-term treatments, and effectiveness
compared with glycopeptides are needed.

Trimethorim/sulfamethoxazole administered orally in high doses can be an alternative for
treating MRSA infections. However, it is associated with adverse effects (hematologic and renal
toxicity) that may limit its use in prolonged treatments (Stein et al., 1998).
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Oral minocycline (with or without rifampicin) effectively treats MRSA bone infection
(Qadri et al., 1994, Yuk et al., 1991). It has good bioavailability and is frequently used when
shifting from parenteral to oral therapy.

Quinupristin/dalfopristin is a parenteral antibiotic with bactericidal activity against
Enterococcus (E.) faecium, including VRE and S. aureus, including MRSA, it has no activity
against E. faecalis (Summers et al., 2001, Reyzelman et al., 1997, Allington, 2001).
Quinupristin/dalfopristin administered three times daily by central infusion can cause myalgia,
which may necessitate cessation of treatment (Darley, 2004).

Linezolid is an oxazolidinone antibiotic that inhibits bacterial protein synthesis and is
active against Gram-positive organisms including VRE (E. faecium and E. faecalis) and MRSA
(Zurenko, 2001). There is no evidence of cross-resistance with other antibiotics. Despite its
good bone penetration and complete oral bioavailability, linezolid is not approved for the
treatment of osteomyelitis (Stolle et al., 2008). The use of linezolid is limited by its potential
hematologic toxicity (anemia, thrombocytopenia), especially during long-term treatment, and
by its high cost (Gould, 2011).

Roblot et al. assessed the risk of vertebral osteomyelitis recurrence. They found no
increased risk in patients treated with antibiotics for six weeks compared with those treated for
longer than six weeks. Their results suggest that reducing antibiotic therapy for
spondyloarthritis to six weeks does not increase the risk of recurrence; however, the patient
follow-up time was only six months after treatment (Roblot et al., 2007). The optimal total
duration of antibiotic therapy remains uncertain. Observational studies have shown that
treatment duration of fewer than four weeks or eight weeks results in significantly higher
relapse rates compared to treatments more extended than 12 weeks (> 14%, 10%, and > 15%
vs. 3.9%) (Jensen et al., 1998). Diagnosing pyogenic discitis and vertebral osteomyelitis often
takes 6 to 7 weeks after symptom onset. Grados et al. recommend administering antibiotics for
at least 12 weeks for chronic bone infections (Roblot et al., 2007).

Analgesics, such as nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids, may be
used to manage pain and inflammation. Immobilization with a brace or external orthosis can
provide additional support and help reduce pain during healing (Jensen et al., 1998).

Surgical intervention may be necessary for severe infection, neurological compromise,
spinal instability, or failure of conservative treatment (Kowalski et al., 2006). Surgical options
include debridement of the infected tissue, stabilization of the affected spinal segments, and
intervertebral disc and spinal fusion (Kim et al., 2014). Debridement involves the removal of
infected and necrotic tissue, which can help reduce bacterial load and promote healing.
Stabilization can be achieved using spinal instrumentation, such as pedicle screws and rods, to
support and maintain spinal alignment during healing. Intervertebral disc and spinal fusion may
be performed to restore the structural integrity of the affected spinal segments (Curry et al.,
2005).

Close monitoring of the patient's clinical, laboratory, and radiological findings are
essential to assess the response to therapy and identify any complications (Gouliouris et al.,
2010). This may involve regular clinical evaluations, serial measurements of inflammatory
markers (e.g., CRP and ESR), and periodic imaging studies, such as MRI or CT scans, to
monitor the resolution of infection and spinal stability (Carragee, 1997). C-reactive protein
(CRP) levels are a reliable indicator of treatment success. We administer parenteral antibiotics
for six weeks (or more) and oral antibiotics for 4-8 weeks, depending on the patient's response.
We can send the patient home on intravenous antibiotics if the patient is stable. When switching
to oral therapy, we use high doses of antimicrobial agents to ensure adequate bone
concentrations. We choose antibiotics based on their high bioavailability. Properly managing
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associated medical problems, such as diabetes, renal failure, and poor nutritional status, is
crucial for successful clinical outcomes. Patients should be followed up for an extended period
after completion of treatment to ensure complete resolution of the infection and to detect any
potential relapse or complications (Roblot et al., 2007).

Treatment success is generally defined as the resolution of clinical signs and symptoms,
normalization of inflammatory markers, and radiological evidence of infection resolution and
spinal stability (McHenry et al., 2002). The absence of complications, such as neurological
deficits, spinal deformity, or recurrent infection, indicates successful treatment (Torda et al.,
1995).

Complications and Prognosis

Intra-abdominal complications of pyogenic spondylodiscitis may include abscess
formation in adjacent organs, such as the psoas muscle or epidural space, and the spread of
infection to other structures (Zimmerli, 2010). Spinal complications may include the
development of spinal deformities, such as kyphosis, due to the destruction of vertebral bodies,
intervertebral discs, and other supporting structures (Kim et al., 2014). In addition, spinal
instability may occur, leading to further pain and functional impairment (Herren et al., 2017).

Neurological complications may result from direct compression of neural structures or
the development of an epidural abscess, which may lead to radiculopathy, myelopathy, or cauda
equina syndrome (Akcam et al., 2011). These complications can lead to significant morbidity,

including chronic pain, motor and sensory deficits, and bowel or bladder dysfunction (Ersahin,
2001).

Systemic complications of pyogenic spondylodiscitis may include sepsis, disseminated
intravascular coagulation, and multiple organ failure, especially if the infection is not
adequately treated or controlled (Levy et al., 2018). In addition, underlying comorbidities such
as diabetes mellitus or chronic kidney disease may increase the risk of systemic complications
(Kehrer et al., 2016).

The prognosis for pyogenic spondylodiscitis varies, depending on factors such as the
causative organism, the severity of the infection, the patient's underlying health, and the
timeliness and appropriateness of treatment (Carragee et al., 1997). With prompt diagnosis and
appropriate treatment, most patients can achieve a favorable outcome, including resolution of
the infection, preservation of spinal function, and a return to the pre-infection quality of life
(Gupta et al., 2014). However, patients who experience significant complications, particularly
neurological complications, may have a poorer prognosis and reduced quality of life (Luzzati
& Giacomazzi, 2012).

Prevention and Monitoring

Effective management of risk factors is critical in preventing pyogenic spondylodiscitis.
This includes controlling chronic medical conditions such as diabetes mellitus and chronic
kidney disease, which can compromise the immune system (Kehrer et al., 2015). Encouraging
patients to maintain a healthy lifestyle with proper nutrition and exercise can also help support
overall immune function (Mota et al., 2018). In the case of invasive procedures or surgery, strict
adherence to aseptic techniques and perioperative antibiotic prophylaxis can minimize the risk
of introducing infection (Bland, 2006).

Prompt recognition of the signs and symptoms of pyogenic spondylodiscitis can facilitate
early diagnosis and treatment, potentially reducing the risk of complications and improving
patient outcomes (Kim et al., 2014). Healthcare providers should maintain a high index of
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suspicion for pyogenic spondylodiscitis in patients with persistent back pain, fever, and
elevated inflammatory markers, primarily if they have known risk factors (Sobottke et al.,
2009).

Regular clinical and radiological monitoring is essential to detect any recurrence or
complications of pyogenic spondylodiscitis (Ishihara et al., 2016). This may include regular
clinical assessments, laboratory tests to measure inflammatory markers, and imaging studies
(e.g., MRI, CT, or X-ray) to assess spinal stability and resolution of infection (Kowalski et al.,
2007).

Educating patients about the signs and symptoms of pyogenic spondylodiscitis and the
importance of early treatment can help promote prompt medical attention and better outcomes
(Lee & Minotti, 2003). In addition, informing patients about the condition's potential
complications and long-term effects can help them understand the importance of adhering to
prescribed treatment regimens and follow-up care (Akcam et al., 2011).

Conclusion

Pyogenic spondylodiscitis is a severe and potentially debilitating condition that can lead
to significant morbidity and mortality if not diagnosed and treated promptly (Fraser & Till,
2002). It affects patients’ quality of life and often requires long-term treatment and rehabilitation
(Levy et al., 2018). It is also a significant burden on healthcare systems due to the costs
associated with its diagnosis, treatment, and complications (File, 2013).

The current understanding of pyogenic spondylodiscitis, including its etiology,
pathogenesis, clinical features, and risk factors, has significantly improved the ability to
diagnose and manage the condition effectively (Gouliouris et al., 2011). Advances in diagnostic
imaging, antibiotic therapy, and surgical techniques have greatly improved patient outcomes by
reducing the risk of complications and improving long-term prognosis (Waisbren, 1960).
However, further research and development of novel treatment strategies are essential to
improve patient care and outcomes.

Future research should identify novel diagnostic and prognostic biomarkers, improve
understanding of host-pathogen interactions, and develop novel therapeutic strategies for
managing pyogenic spondylodiscitis (Grant, 2000). In addition, long-term follow-up studies are
needed to better understand the disease’s natural history and evaluate the efficacy of different
treatment approaches (Cunha, 2002). Finally, further research into the prevention and
management of risk factors may help to minimize the incidence of pyogenic spondylodiscitis
and improve overall patient outcomes (Turunc et al., 2007).
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Clinical use of Acute Phase Reactants

Mehmet OZDIN!?

INTRODUCTION

Liver cells play an important role in the synthesis of acute phase proteins (AFP). These
proteins, whose serum concentrations increase as a result of inflammatory conditions,
malignancy and trauma, especially infectious diseases, are called Acute Phase Reactants (AFR).
In case of acute phase response, changes in some protein levels in the serum, fever, increased
vascular permeability and some metabolic changes are observed. AFR are proteins whose
serum concentrations increase or decrease in the inflammatory acute phase response. Those that
show an increase in these proteins are called positive AFP, and those that show a decrease are
called negative AFPs. Positive AFPs include C-reactive protein (CRP), fibrinogen,
procalcitonin, haptoglobin, ceruloplasmin, ferritin, alpha-1 antitrypsin, serum amyloid A.
Negative AFPs include albumin and transferrin (Ebersole & Cappelli, 2000) (Vercoutere et al.,
2011) (Zhang et al., 1999).

POSITIVE ACUTE PHASE PROTEINS

C-REACTIVE PROTEIN (CRP)

CRP is given this name because it can precipitate the C-polysaccharide of Streptococcus
pneumoniae. CRP is synthesized by the effect of cytokines (most importantly I1L-6) secreted
from the inflamed tissue. CRP increases in serum levels in cases caused by infection,
inflammation, malignancy, and trauma (Gabay & Kushner 1999). CRP is mainly synthesized
in the liver. Almost all of the circulating CRP is secreted from hepatocytes. The increase in
CRP occurs shortly after inflammation, with the CRP level > 5 mg/L after six hours. CRP
reaches its maximum in 48 hours. The half-life of CRP is about 19 hours. CRP slightly increases
with age (Wene, Daum & McQuillan, 2000).

FIBRINOGEN

It is a blood protein synthesized in the liver, found in blood plasma, and plays an
important role in coagulation. Fibrinogen is a large and complex fibrous glycoprotein with three
pairs of polypeptide chains linked by 29 disulfide bonds. Fibrinogen is the precursor to “fibrin”
that occurs in blood clotting. While coagulation occurs, fibrinogen turns into fibrin with the
effect of thrombin substance and ionized calcium, forming the clot. In various diseases of the
liver, the amount of fibrinogen in the blood decreases due to the disruption of synthesis events.
In pregnancy, joint rheumatism and inflammatory conditions, the amount of fibrinogen in the
blood increases. Fibrinogen may be unable to function in some congenital or postnatal disorders
(Weisel, 2005) (Fuss, Palmaz & Sprague, 2001).
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PROCALCITONIN (PCT)

The procalcitonin molecule is a protein consisting of 116 amino acids. PCT is a pre-
hormone of the calcitonin hormone produced by parafollicular C cells in the thyroid gland and
involved in calcium homeostasis in the human body. It is very common to use as an infection
marker, especially when bacterial infection is suspected. PCT values increase in infections
caused by bacteria, while PCT values do not increase in parasitic, fungal and viral infections
(Horns, Draenert & Nistal 2021) (Velissaris et al., 2021). Sepsis is a systematic inflammatory
response to the infectious agent that causes the infection. Sepsis is one of the most important
causes of mortality in intensive care. There is no routine gold standard test for the diagnosis
and prognosis of sepsis. CRP and PCT are two of the most used tests in the diagnosis of sepsis
(Faix, 2013).

Clinical Conditions with PCT Measurement;

- To diagnose bacteremia and septicemia (sepsis) in adults and children and to determine
the severity of the infection,

- Septic shock diagnosis, risk identification and monitoring,

- Diagnosis of bacterial infection in neutropenic patients,

- Understanding the state of the kidneys in children’s urinary infections,
- In the follow-up of antibacterial therapy,

- In the diagnosis of systemic deconder infection in post-operative severe traumas, burns
and multiple organ failure,

- In the differential diagnosis of bacterial and viral meningitis,
- In the differential diagnosis of bacterial and viral pneumonia due to the epidemic,
- To distinguish between inflammation and infection,

HAPTOGLOBIN

Haptoglobin is a protein whose biosynthesis is not only in the liver, but also in adipose
tissue and lung. Haptoglobin binds hemoglobin in the plasma and transports it to the liver. The
hemoglobin complex with haptoglobin is metabolized in the heptic reticuloendothelial system.
For this reason, it is used in the diagnosis and follow-up of hemolytic anemia and in the
differential diagnosis of anemia due to other diseases. Its level is decreased in hemolytic
anemia. Low levels without hemolytic anemia indicate insufficient production due to liver
disorders. However, it is not a test used in liver disease and follow-up. Haptoglobin levels are
affected by excessive blood loss and renal dysfunction (Wassell, 2000). Haptoglobin, which is
also an "acute phase" protein, has different function showing genetic polymorphism.
Haptoglobin provides antioxidant and antimicrobial activity. Changes in haptoglobin levels
measured in serum, increases in conditions such as inflammation, infection, malignancy, and
decreases in hemolytic conditions are important in the evaluation of patients' condition.
Haptoglobin is involved in the stimulation of angiogenesis. Haptoglobin has the feature of
promoting cholesterol crystallization. Probably the most important biological function of
haptoglobin is to act as a natural antagonist for receptor-ligand activation of the immune system,
creating host defense responses against infection and inflammation (Dobryszycka, 1997).
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CERULOPLASMIN

Ceruloplasmin is an a-2 globulin and consists of a single polypeptide chain. Its molecular
weight is around 132,000 Daltons. It binds six copper atoms per molecule. Serum levels vary
due to genetic polymorphism. Ceruloplasmin, which contains copper element and plays a role
in iron metabolism, is synthesized in the liver as an acute phase reactant. In the presence of
inflammation, an increase in serum levels is observed. An increase in serum levels of
ceruloplasmin is observed in infections, inflammation, malignancy, trauma, obstruction and
infections of the biliary tract. The increase is even more evident in RES diseases such as
Hodgkin Lymphoma (Dowton & Colten 1988) (Cox & Roberts 2002).

FERRITIN

Ferritin is an iron-storing protein and does not play a role in iron transport. In clinics,
ferritin level is used together to detect iron stores and evaluate transferrin saturation in iron
deficiency anemia. In inflammatory conditions, IL-1,6 and interferon gamma (IFNy) cause
increased ferritin production from the liver and macrophages. The increase in ferritin levels is
seen in a chronic inflammatory process, cell damage in infections, alcohol-related or non-
alcoholic hepatosteatosis and chronic viral hepatitis. Ferritin causes activation of intracellular
inflammatory pathways. Due to cell damage caused by inflammation, ferritin is released,
causing an increase in serum levels (Kell & Pretorius, 2014) (Giivey et al., 2021).

ALPHA-1 ANTHRIPSYCINE (AAT)

Alpha-1 antitrypsin (AAT) is a 52 kDa glycoprotein produced in the liver. AAT is one of
the acute phase proteins and is the main inhibitor of serine proteases in tissues and circulation.
AAT deficiency is an inherited disorder that can cause pulmonary emphysema and liver disease.
Serum levels of AAT increase in inflammation, infection and malignant conditions (Patel &
Teckman, 2018) (Ehlers, 2014).

SERUM AMYLOID-A (SAA)

Serum amyloid-A (SAA) is a protein consisting of 124 a.a. synthesized in the liver in
cases of inflammation. SAA is an acute phase reactant. The increase in serum levels of SAA is
a clinical marker of active inflammation. It is used to distinguish between inflammatory and
non-inflammatory diseases. It is also used in the evaluation of the treatment applied to the
diseases and in the follow-up of the prognosis of the disease (Sack, 2020) (Carbone et al., 2021).

NEGATIVE ACUTE PHASE PROTEINS

ALBUMIN

Albumin is synthesized by the liver and has an average weight of 69 kDa. Its half-life is
approximately 20 days, and it is the most abundant plasma protein in the blood. Its plasma
concentration is higher than other proteins in normal healthy subjects (approximately 40 g/L).
It makes up 60% of the proteins in the blood. Albumin; It has an important role in the exchange
between organs and tissues through blood. It is the most important protein that regulates the
oncotic pressure that allows large protein molecules in the blood plasma to pass through narrow
areas such as capillaries. Albumin, which determines the density of blood, which is mostly
water, creates oncotic pressure in the vessel. The most important functions of albumin; Nitric
oxide (NO), fatty acids such as oleic and linoleic, thyroid and steroid hormones, drugs taken
for treatment and vitamin B6, calcium, to ensure the transport of bilirubin and free fatty acids.
Albumin deficiency, which is a negative acute phase reactant, can occur due to diet such as
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inadequate and unbalanced nutrition, or it can be caused by many different infectious diseases,
especially advanced liver disorders (Hiilshoff et al., 2013) (Mayer & Schomerus, 1975) (Tan,
2019).

TRANSFERRIN

Transferrin, a negative acute phase reactant, is a glycoprotein and is synthesized in the
liver. Its structure consists of a single polypeptide chain of about 700 amino acids. It is the
major iron-bearing protein in plasma and carries two iron atoms per protein. Iron deficiency
increases the synthesis of transferrin in the liver. It takes iron from the gut and transfers it to the
bone marrow and other organs. It also transfers the iron to the places where it is needed. About
25 mg of Fe is released in the body daily. Many cell surfaces have receptors for transferrin.
Since free Fe is toxic, this toxicity is prevented by binding to transferrin. In this way, Fe bound
to transferrin is transported to where it is needed. Transferrin-Fe complex is taken up into cells
by receptor-mediated endocytosis. The plasma transferrin concentration is about 300 mg/dl.
Plasma transferrin level decreases in malnutrition, inflammatory conditions, liver diseases and
malignancy (Gomme, McCann & Bertolini, 2005) (Tortorella & Karagiannis, 2014).

CONCLUSION

AFP are proteins synthesized by the liver in response to the acute phase response. They
have a large number of different functions and features that are used in our time. While these
proteins are insignificant in healthy individuals, serum levels increase rapidly in cases of
infection and play a role as an infection marker.
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Current Debates in Huntington's Disease with Neuro-Radio-Pathologic and
Neuropsychiatric Approaches

Esra DEMIR UNAL

Huntington's Disease (HD) is a progressive and fatal disease that shows autosomal
dominant inheritance which caused by a CAG trinucleotide repeat expansion in the huntingtin
gene (HTT), located on chromosome 4. The disease was first named by Dr. George Huntington
in 1872 that first defined a family with choreiform movement disorder in the USA in 1872
(Bhattacharyya, 2016), and after that, hundreds of families of different genders were described
in many parts of the world. HD is inherited in an autosomal dominant pattern that normally
ranges between 10 to 34 CAG repeats. The pathological findings will most likely express if the
CAG repeats lengths of 40 or more (Medina & ark., 2022). North American prevalence
estimates range from 5 to 10 individuals per 100,000 of the general population. The genetic
disorder is thought to be translated to roughly 30,000 offspring in America. Prevalence rates in
North America, Europe, and Australia are generally similar, whereas rates in Asia are much
lower, affecting less than one person in 100,000 (Warby, Visscher H & Collins, 2011). The
neurodegenerative process is accompanied by a wide range of clinic spectrum that may involve
different combinations of movement disorders (primarily chorea), dementia, and behavioral or
psychiatric manifestations (Reddy, 2014)

Molecular genetics of Huntington’s disease and HTT Gene Analysis

The HD gene is expressed in the 4p 16.3 region of the short arm of chromosome 4,
consists of 67 exons and is 180 kb. The mutation that manifests the disease occurs with an
increase in the number of CAG trinucleotides in exon 1 of the gene. Normally, the repetitions
in this region are polymorphic, and these repetitions give clinical findings when they exceed
the threshold value. Individuals with 26 or less CAG repeats show a normal phenotype, while
27-35 repeats usually do not manifest, but disease may occur in the next generation due to
meitoic instability, which is known to increase more frequently in spermatogenesis than in
oogenesis (The Huntington's Disease Collaborative Research Group, 1993). Paternal
inheritance is blamed in juvenile cases and early-onset cases (Kremer & ark., 1995). In addition,
it has been shown that CAG repeat increase is especially on the paternal side in patients with
new-onset HD without a family history, and the number of repeats in these cases was found to
be in the borderline or normal range (Trottier, Biancalana & Mandel, 1994). Although 35 or
fewer CAG repeats are known not to manifest, Groen et al. reported two patients with a HD
phenotype between 27 and 35 in a study conducted in 2009 (Chaganti & et al., 2017).

In general, it should be known that the disease manifests in cases with 40 or more CAG
repeats. CAG repeat increase is inversely related to the age of onset of the disease. As the
number of CAG repeats increases, the age of manifestation of the disease decreases. The age
of onset did not differ significantly in homozygous cases, but it is known that these cases
progress more rapidly (Gusella & et al., 1983).
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After the detection of the HD relationship between chromosome 4, the diagnosis of the
disease in the presymptomatic stage was made possible by various indirect methods (Gusell &
etal., 1983, Hayden & et al., 1988, Skraastad & et al., 1991).

Clinical approach to Huntington’s disease

Motor Symptoms

HD generally develops in adult life, with an average age of onset of 40 years, though
cases of HD have been diagnosed in patients as young as 2 years old, ranging up to 87 years.
From the time of disease onset, symptoms progress over 15-20 years (Lanska & et al., 1988).
The age of onset of HD generally affects clinical presentation. Juvenile-onset HD is
characterized by rigidity, bradykinesia, dystonia, and sometimes tremor and myoclonus
tremors, and chorea is typically absent. The first presentation of Adult-onset HD may be with
chorea, and dystonia and rigidity are added to this in advanced stages. An akinetic-rigid form
of HD predominantly present with dystonia and partly with chorea can be seen in 10% of
patients. There may also be learning difficulties and behavior disturbance whilst at school.
Seizures occur in 30-50% of patients (Kremer, 2002).

Patients who are carriers of HD gene mutations and do not yet show symptoms in clinical
motor domains are defined as pre-manifest. (Ross, Aylward & Wild, 1996). In current studies,
a new term is used called term pre-manifest that has been used to describe the group of patients
with prodromal HD who are felt by their clinician to be developing the extrapyramidal motor
signs. The transition from pre-manifest status to a diagnosis of manifest HD is considered the
starting point of the disease, and after this stage, irreversible destruction occurs in progressive
multiple domains. The Unified Huntington's Disease Rating Scale (UHDRS) is the most
commonly used large-scale tool and is used to evaluate the motor, cognitive, behavioral,
emotional, and functional components of HD (Figure) (Huntington, 2003). The total motor
score (TMS) is a scale within the subscale UHDRS and is used in diagnosis and progression
from the onset of the disease (Shoulson & Fahn, 1979). Based on the TMS, the clinical assigns
a diagnostic confidence score ranging from 0 to 4. A score of 4 represents the onset of manifest
disease. Once a diagnosis is made, the disease is said to progress through five stages that are
based on the total functional capacity (TFC) subscale of the UHDRS. This assesses a patient's
ability to work, and manage household finances, chores, and activities of daily living, and the
level of care required, giving an overall score of 13 (fully independent) to O (fully dependent).
The score relates to disease stages |-V (originally the Shoulson—Fahn staging system)
(Shoulson & Fahn, 1979). More broadly, the terms early, moderate, and advanced disease are
helpful in clinical practice.

Chorea

Chorea in HD is the core-stone finding in adult that defined as arrhythmic, rapid,
jumping, or fluent, simple or complex involuntary movements of small amplitude, usually
involving the distal extremities and generally seen more clearly in the early stages, but in later
stages, facial grimacing, eyelid elevation, neck , shoulder, trunk, and leg movements may
accompany it. Chorea typically increases in frequency and amplitude over time and may peak
about 10 years after disease onset and then plateaus and lessens. Chorea is rated in one of seven
body regions (i.e. face, mouth, trunk, and extremities). The total chorea score is the sum of the
scores for each body region and can range from 0 to 28. The rating calculation is as follows: 0
= absent, 1 = slight intermittent, 2 = mild/common or moderate intermittent, 3 = moderate
/common, and 4 = marked/prolonged.
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Dystonia

Dystonia causes temporary or permanent abnormal postures and movements due to
involuntary, persistent, or repetitive, twisting, and rotating muscle contractions and develops as
a result of simultaneous contractions of muscles (agonist and antagonist muscles) working
opposite each other to perform purposeful motor behaviors or to maintain a certain posture.
Contraction is usually slow, and staggering. But sudden and rapid contractions called choreic
or myoclonic dystonia can also be seen. Dystonia occurs or increases when the affected body
area is used voluntarily, especially at the beginning of the disease. During voluntary movements
of another body region, the dystonic region contracts more (the "overflow" or "overflow"
phenomenon) and may disappear completely during sleep. Dystonia is especially quite common
in the juvenile and adult-onset rigid-dystonic variant of HD. Trunk dystonia can occur as an
early symptom and cause severe back pain (Schiefer & et al., 2015). Dystonia is rated in one of
five body regions (i.e. trunk and extremities). The total dystonia score is the sum of the scores
for each body region and can range from 0 to 20. The rating calculation is as follows: 0 = absent,
1 = slight intermittent, 2 = mild/common or moderate intermittent, 3 = moderate /common, and
4 = marked/prolonged.

Bradykinesia

Bradykinesia is defined as difficulty in initiating movements, slowness and difficulty in
execution, and impoverishment of movements. Loss of facial expressivity, absence of arm
swing, difficulty with finger tapping and rapid alternating movements, and gait slowness are
quite common and worsen with disease progression. These features, especially when combined
with the impaired postural reflexes that occur in HD, can lead to greater problems than the more
dramatic chorea seen earlier on (Rosenblatt & et al., 2012) Clinically, bradykinesia may be
associated with chorea and dystonia, in which case it may be difficult to recognize. In addition,
treatments to treat chorea can hide bradykinesia. Bradykinesia is calculated as the total chorea
score and can range from 0 to 4. The rating calculation is as follows: 0 = normal, 1 = minimally
slow(normal), 2 = mild but slow, 3 = moderately slow, some hesitation, 4 = markedly slow,
long delays initiation.

Other Motor Disorders

Tics are generally defined as sudden, involuntary movements (motor tic) or sounds
(vocal tic) that appear short, non-rhythmic, stereotypical, and aimless, involving one or more
muscle groups based on normal movement. On clinical examination, tics may mimic choreic
and dystonic movements. Respiratory and vocal tics can produce sniffs, grunts, moans, or
coughs.

Myoclonus is a sudden, short-lived (<100ms), lightning-fast involuntary movement in
the form of throwing, or jumping. Myoclonus may involve the extremities, face, and trunk, and
cannot be voluntarily prevented. Myoclonic contractions may occur spontaneously at rest, or
only with a specific sensory stimulus (reflex myoclonus), or during voluntary movements
(action myoclonus). Myoclonic movements are classified according to the anatomical
formations they originate from, the body regions they affect, and their etiology.

Tremors are involuntary, rhythmic oscillations resulting from alternating or synchronous
contraction of the reciprocal muscles that move a body part. Tremor depends on the affected
area (head, jaw, elbow, vocal cords, lower or upper extremities, body), relation to the movement
(resting, postural, actional, intentional), frequency (low: less than 4 Hz; medium: 4-7 Hz); high
is defined by more than 7 Hz) and amplitude (fine, coarse). Clinically, rest tremors, postural
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tremors, or intentional tremors with voluntary movement are frequently observed in HD.
Myoclonus and tremor are much more commonly seen in Juvenile onset HD or young adults.

Rigidity is characterized by an increase in muscle tone and a decrease in passive mobility,
and may occur early in juvenile or adult akinetic/rigid HD, but is also common in advanced
HD. Rigidity is rated in the upper extremities (i.e. right and left arms). The total rigidity score
is the sum of the scores for each arm and can range from O to 8. The rating calculation is as
follows: 0 = normal, 1 = slight or present only with activation, 2 = mild-r moderate, 3 = severe,
full range of motion, and 4 = severe with limited range.

Progressive voluntary loss of motor control begins in the early stages of the disease and
progresses in correlation with disability. Slow initiation and velocity of saccadic eye
movements are the early signs of voluntary movement impairment, and difficulty with finger
and manual dexterity may appear in the early stage. On physical examination, the first finding
is the slowing of finger tapping and confusion and the slowing of fast alternating movements
of the hands. In the advanced stages, there is a total loss of skill in voluntary movements. In
addition to hyperreflexia and extensor plantar reflexes, patients are akinetic, rigid, and dystonic.
Symptoms may include the “milkmaid's grip” or insufficient pressure on the accelerator pedal
while driving which manifests itself as a difficulty in writing, dropping items, and
insufficient/not being able to perform fine motor movements. In UHDRS, ocular pursuit,
saccade initiation, saccade velocity, dysarthria, tongue protrusion, finger taps,
pronation/supination, Luria, gait, tandem, and retropulsion/pull are rated in one of the related
movement body regions in the aspect of voluntary muscle control capability and balance/gait
evaluation. For ocular movement; horizontal and vertical direction and for
pronation/supination: right and left arms are evaluated. The total scores are the sum of the score
for each body region and can range from normal (0) to 4 (total dysfunctionality).

Behavioral Assessment

The behavioral assessment measures overall thought content/orientation and the
frequency and severity of symptoms associated with coping with daily problems. The total
behavior score is a domain of UHDRS and represents the frequency and severity of 11 items,
which are rated from zero (rarely/absent) to four (almost always/severe). The items assess
depression, anxiety, aggression, psychosis, and other behavioral abnormalities. The behavioral
score ranges from 0 to 88, with higher scores indicating more severe psychiatric abnormalities.

Cognitive Assessment

Cognitive impairment occurs as a result of dysfunction of the extensive neural network
specialized for a certain cognitive function. Dysfunction of the episodic memory neural network
located in the limbic and para-limbic areas and their subcortical components leads to amnesia,
dysfunction of the language network located in the front-parietal-temporal neocortical areas of
the left hemisphere and their subcortical components leads to cognitive impairment in the form
of aphasia. Cognitive impairments in HD encompass a broad variety of cognitive skills,
including learning and memory, perceptual skills, executive efficiency, and language.
Cognitive impairments may emerge years before disease onset (Paulsen & et al., 2008, Stout &
etal., 2011 ) that range from subtle cognitive deficits to obvious complete disability. Learning
and memory problems are among the early cognitive impairments of HD. There was no
evidence of congenital cognitive dysfunction in HD, but studies suggest that subclinical
cognitive changes may precede motor signs in patients approximately 15 years. Memory
problems are one of the frequently reported symptoms in HD, and people mainly ha