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TYPES OF

LUNG CANCER

Non-Small Cell
Lung Cancer (NSCLC)

Small Cell
Lung Cancer (SCLC)

-

85% 10%
of all lung cancers of all lung cancers
inthe US. in the U.S.
o

Three main subtypes of NSCLC:

| |

Squamous cell Large cell
Adenocarcinoma carcinoma (SCC) carcinoma (LCC)
40% 25% 10%
of all lung of all lung of all lung

cancer cases cancer cases cancer cases
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} Three-dimensional
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trical stimulation, tailored to the patient’s individ-
ual needs. Regular follow-up appointments are es-
sential to diligently monitor the patient’s progress,
promptly address any potential adverse effects,
and ensuring optimal outcomes throughout the
course of treatment.

¢ Recovery and Adjustment

In general, the recovery period spans several weeks.
Your healthcare provider will likely recommend the
following: Limit Activities. Avoid Strenuous Activities.
Exercise Caution with Movement

Figure 2

Weighing the Pros and Cons

o Potential Risks and Side Effects

Bleeding is a significant concern with implanting
electrodes in the brain. Following bleeding, infec-
tion is often considered the next significant risk in
surgical procedures, especially with foreign objects
introduced into the brain. Skin erosion refers to any
breakage of the skin caused by nearby implanted
hardware.

Some side effects are often related to the place-
ment of the electrode. Tiredness and fatigue are
commonly associated with DBS in the thalamus,
while implantations in the subthalamic nucleus can
result in affective side effects like depression or su-
icide.

¢ Individualized Treatment

DBS has become a standard treatment for some
disorders, but thereis more variability in outcomesin
the neuropsychiatric domain. Response to DBS de-
pends on factors like electrode placement, placebo
effects, side effects, and patient characteristics.
Some patients may not experience symptom relief
despite accurate electrode placement, raising con-
cerns about the one-size-fits-all approach in DBS.

2
2
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The Future of DBS: Innovations on the Horizon
Recent advancements in software have significant-
ly enhanced current clinical programming meth-
ods, particularly through telemedicine, automated
programming, and closed-loop deep brain stimu-
lation (DBS). The benefits of remote DBS program-
ming are evident: it reduces costs for patients, im-
proves access for those in rural areas, and allows
for timely management of unintended stimulation
side effects. However, challenges remain, including
difficulties in virtually assessing certain symptoms
(like rigidity), patient struggles with the technology
used for remote access, and concerns about po-
tential security breaches in remote DBS platforms.
Automated programming is an emerging field that
promises to reduce the time and effort required
from clinicians and patients. This approach primarily
focuses on using objective symptom assessments
in conjunction with computer-controlled therapy
adjustments. Sensing technology represents a sig-
nificant advancement for implantable pulse gen-
erator (IPG) systems, with the potential to broaden
the application of closed-loop stimulation across a
diverse patient population.

¢ Current Research and Trials

Several clinical trials are currently underway to eval-
uate the safety and efficacy of DBS for Alzheimer’s
disease. Early results are promising, but more re-
search is needed to confirm the effectiveness of
DBS for Alzheimer’s.

In summary, deep brain stimulation is a novel and
promising treatment option for a range of neuro-
logical disorders. While it has shown to be effective
in alleviating symptoms, it is still an experimental
treatment, and its long-term benefits and risks are
not fully understood. More research is needed to
determine if DBS can be a viable treatment option
for other conditions such as Alzheimer’s disease.

Figure 3
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Reawakening the Mind:
DBS Offers Hope for Alzheimer Patients
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Fig1: Deep brain stimulation for Parkinsorn»s disease . The stimulation lead
is implanted to a deep brain structure, and connected to the pulse gen-
erator in the chest via a lead tunneled through the neck (left panel). For
Parkinsor»s disease, the stimulation lead is targeted to either the inter-
nal segment of the globus pallidus (middle right panel) or to the sub-tha-
lamic nucleus (lower right panel).

Dive into the fascinating world of Deep Brain Stimu-
lation (DBS), where targeted therapy controls symp-
toms of conditions like Parkinson’s and Alzheimer’s.
Explore how this game-changing treatment rede-
fines possibilities in brain health. Get ready to be
amazed!

The Nuts and Bolts of DBS: A SurgicalJourney

« Whatis the DBS?

DBS stands for Deep Brain Stimulation. A neurosur-
geon surgically implants electrodes into specific
brain areas, guided by imaging techniques. It's a
surgical procedure that involves implanting elec-
trodes in particular brain areas. These electrodes
are linked to a device akin to a pacemaker, which is
implanted subcutaneously in the chest region. The
device sends electrical impulses to the targeted
brain region, modulating its activity.

» Howitworks?

DBS systems are designed to provide the right
amount of energy to the brain for symptom relief.
Traditional DBS settings offer constant stimulation
that may lead to side effects and increased bat-

Nursing student
October 2022

Mahdieh Jani Zeinab Khosravi

Medical student
September 2023

tery usage. Adaptive DBS, on the other hand, ad-
justs stimulation based on the patient’s needs and
condition. This approach relies on feedback signals
to determine when and how much stimulation is re-
quired. The system consists of three main compo-
nents: sensing, control, and stimulation modules.
The sensing module captures feedback signals like
brain activity, while the control module processes
this information to adjust stimulation parameters.

Applications of DBS:

e Improved Motor Control: In Parkinson’s disease,
DBS can significantly reduce tremors, rigidity, and
slowness of movement.

e Symptom Management: DBS can alleviate other
neurological symptoms like pain, dystonia, and ep-
ilepsy.

* Potential for Alzheimer’s Treatment: While still ex-
perimental, DBS shows promise for improving cog-
nition, memory, and daily functioning in Alzheimer’s
patients

DBS: Restoring Circuits for Alzheimer’s Treatment

e Targeting Brain Networks

The specific brain area targeted by DBS depends
on the condition being treated. For Alzheimer’s dis-
ease, researchers are exploring targets like the for-
nix (important for memory) and the entorhinal cor-
tex (involved in learning and spatial navigation).
 Reducing Alzheimer’s factor

Research suggests that DBS might reduce amyloid
beta plagues, a hallmark of Alzheimer's, in certain
brain areas to slow down the progression of the dis-
ease.

¢ Enhancing Neuroplasticity

DBS could potentially enhance neuroplasticity, the
brain’s ability to reorganize and create new connec-
tions.

e The Procedure

Prior to surgery, a thorough medical assessment,
neuropsychological evaluation, and advanced im-
aging studies are meticulously conducted to identi-
fy the optimal target for intervention. Under general
anesthesia, a highly skilled neurosurgeon expertly
implants electrodes and an impulse generator via
a minimally invasive incision in the skull. Following
the surgical procedure, the impulse generator is
programmed to deliver precisely calibrated elec-
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of these diseases are proven to affect the verbal fluency,
reflected by the patient’s hesitation to speak, word find-
ing difficulties, semantic errors, indefinite terms, revision,
repetitions, neologisms, lexical and grammatical simplifi-
cation, as well as loss of semantic abilities in general. Dis-
course in these patients is characterized by reduced co-
herence, with implausible and irrelevant details. Therefore
voice features have the potential to become simple and
noninvasive biomarkers for the early diagnosis of condi-
tions associated with dementia.

Multiple Sclerosis and Rheumatoid Arthritis:

Voice impairment and dysarthria are frequent comorbid-
ities in people with multiple sclerosis, and it's been sug-
gested to monitor voice characteristics and phonatory
behaviors in order to initiote a treatment such as deep
brain stimulation in these patients. Some voice features
have already beenidentified as top candidates to monitor
multiple sclerosis: articulation, respiration, and prosody.
In people with rheumatoid arthritis, pathological chang-
es in the larynx occur with disease progression; therefore,
tracking voice quality features has already been shown to
be useful for patient monitoring.

Mental Health and Monitoring Emotions:

Stress is an established risk factor of vocal symptoms. It
was shown that smartphone-based self-assessed stress
was correlated with voice features. A positive correlation
between stress levels and duration of verbal interaction
has also been reported. Voice symptoms seem more fre-
quent in people with high levels of cortisol, which is com-
mon in patients with depression; therefore, voice char-
acteristics are used to discover depression symptoms or
estimate depression severity. Beside acoustic measures,
the linguistic aspects of voice are likely to be affected
in mental diseases. Discourse tends to be incoherent in
schizophrenia, manifested by disjointed flow of ideas,
nonsensical associations between words, or digressions
from the topic. Circumstantial speech is prominent in pa-
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tients with bipolar and histrionic personality disorders.
Cardiometabolic and Cardiovascular Diseases:

A team from the Mayo Clinic has identified several vocal
features associated with a history of coronary artery dis-
ease. Regarding diabetes, only one study has studied vo-
cal characteristics in people with and without type 2 dia-
betes showing differences between the 2 groups for many
features.It has been demonstrated that people with type
2 diabetes with poor glycemic control or with neuropathy
had more straining, voice weakness, and a different voice
grade, and that the most common type 2 diabetes pho-
natory symptoms were vocal tiring or fatigue and hoarse-
ness.

COVID-19 and Other Conditions with Respiratory Symp-
toms:

considerable research activity has emerged to use res-
piratory sounds as primary sources of information in the
context of the COVID-19 pandemic. all symptoms of the
COVID-19 can make patients’ voices distinctive, creating
recognizable voice signatures and enabling the training of
algorithms to predict the presence of a SARS-COV-2 in-
fection or as a tool to grade the severity of the disease.
Scientists believe that Voice and Speech analysis tools will
eventually take people’s whole health into account, just
like a doctor would.

Studies show that multiple different diseases can cause
the same voice changes. For example, for a hoarse voice,
someone with cancer of the throat and someone with lar-
yngitis can sound exactly the same.

Although you can't yet talk into your phone and get a full
healthreport, but people should pay attentionto changes
in their voice and speech, and If they have a voice change
for more than two to three weeks, it may indicate anissue
with their health.

In the end, it’s wise for you to pay attention to your voice
and talk to your doctor if you notice changes in your voice,
speech, or breath lasting over a few weeks, including:

Q00

* Hoarseness or araspy quality to your voice.

» Changes in the pitch of your voice (how low or high it is).
¢ Your throat feeling raw, achy or strained.

« Difficulty talking.

* Repeatedly feeling the need to clear your throat.

« A cough that doesn’t go away.

* Problems thinking of the words you want to use or put-
ting words in the right order.
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Sound check
Voice as abiomarker forremote detectiondisease
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Recommendations Of
Digital Voice Assistants (DVAs)
For Different Mental Health Conditions

GENERAL MENTAL HEALTH

Based on median quality
scores, the top DVA
recommendations are:

* Google Assistant (80.5%)

» Apple Siri (77.1%)

* Amazen Alexa (70.7%)

DEPRESSION

Based on median quality
scores, the top DVA
recommendations are:
* Samsung Bixby (87.7%)
* Google Assistant (87.4%)
* Apple Siri (83.9%)

ANXIETY R,

HINKING 72
! s

Vgl
Based on median quality -
scores, the top DVA
recommendations are:
* Google Assistant (76.4%)
* Samsung Bixby (75.9%)
* Apple Siri (71.8%)

OBSESSIVE-COMPULSIVE
DISORDER

Based on median quality
scores, the top DVA

recommendations are:
* Google Assistant (78.4%)
* Amazon Alexa (72.3%)

BIPOLAR DISORDER

Based on median quality
scores, the top DVA
recommendations are:

* Samsung Bixby (77.5%)

* Google Assistant (75.9%)

Parisa Mansourian
Medical student
September 2021

Speaking, singing, and making other sounds require many
parts of your body to work together. Your brain thinks of
ideas. Your lungs move air in and out. Your vocal cords vi-
brate. Your mouth and nose help shape sound.

Our whole body participates in the production of voice,
speech, and breathing. So we can get a lot of information
about our health from them.

Many conditions can impact the various body parts in-
volved in sound production. These include depression,
Parkinson’s disease, dementia, lung problems, and even
cancer. Measuring voice, speech, and breathing patterns
could help diagnose health problems.

Researchers are testing ways to use apps and other tools
to let people measure such information at home. For ex-
ample, a recent study showed that a computer program
could identify patients with Parkinson’s disease by their
breathing patterns during sleep.

Voice, speech, and breathing are easy to access, inexpen-
sive, and non-invasive to measure. And speech pattern
analysis has shown promise for diagnosing impairments in
memory or thinking abilities, and mental health conditions
like depression.

The researchers are now trying to use speech patterns
and facial expression changes to catch depression ear-
ly in people with dementia. And by using technology in
certain tablet and smartphone apps to track changes in
people’s daily health, doctors can see the effects of de-
pression treatments in real time and change them quickly
if needed. It could also provide early warning that some-
one’s health is declining.

They are not only testing speech analysis to screen for
additional mental health problems, like anxiety, but also
looking at speech patterns to help diagnose diseases like
amyotrophic lateral sclerosis (ALS) early.

As described below, voice changes can be an early di-
agnostic biomarker or marker of disease progression in
many disorders:

Parkinson’s Disease:

Studying vocal biomarkers have mainly been performed
in the field of neurodegenerative disorders and Parkin-
son’s disease particularly, where these voice disorders
are mostly related to phonation and articulation, includ-
ing pitch variations, decreased energy in the higher parts
of the harmonic spectrum, and imprecise articulation of
vowels and consonants, leading to decreased intelligibil-
ity. In fact, the objective measures show changes in voice
features in up to 78% of patients with early stage Parkin-
son’s disease.

Alzheimer’s Disease and Mild Cognitive Impairment:

Subtle changes in voice and language can be observed
years before the appearance of prodromal symptoms of
Alzheimer’s disease and mild cognitive impairment. Both
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Mutations in the RING region were usually linked to
patients with abnormally large brains, while muta-
tions in the RSPO-interacting area were associated
with a smaller brain.

One case was particularly interesting: a patient
had a mutation in the RING region but had a small-
er brain. When researchers looked into the patient’s
family history, they found that his mother had used
drugs heavily during pregnancy. This environmental
factor might have influenced his brain development,
showing how genetic abnormalities can be affected
by outside influences.

What Happensin the Lab

To better understand how these mutations impact
the body, researchers conducted lab experiments
where they engineered different defective versions
of the ZNRF3 gene. They then studied how these mu-
tations affected the Wnt signaling pathway, a cru-
cial process for brain cell production.

They found that mutations in the RING region led to
increased Wnt signaling, which might explain why
some patients had larger brains. On the other hand,
mutations in the RSPO-interacting area decreased
Whnt signaling, which could be linked to smaller brain
sizes. These findings suggest that the right balance
of Wnt signaling is essential for normal brain size—

SRR/ 1 https://b2n.ir/76884

2. https://b2n.ir/m56180

too much or too little can cause problems.
Advanced modeling of the defective ZNRF3 pro-
teins gave researchers more insights into what was
happening at a molecular level. They discovered
that mutations in the RING region disrupted enzyme
functions, while those in the RSPO- interacting area
affected how the protein could bind to RSPO. These
disruptions likely contribute to the neurodevelop-
mentalissues seenin patients.

The Bigger Picture: Implications for Future
Research

The discovery of the ZNRF3 gene’s role in both brain
development and cancer has opened up new pos-
sibilities for research and treatment. Understanding
how specific mutations in this gene lead to such dif-
ferent outcomes—from abnormal brain sizes to an
increased risk of cancer—could eventually lead to
targeted therapies. The case of the patient with a
RING region mutation and a smaller brain also high-
lights the importance of considering environmental
factors when studying genetic disorders.

As researchers continue to explore the complexities
of the ZNRF3 gene, the global collaboration that
made these discoveries possible will be key to tack-
ling other rare conditions and improving the lives of
patients around the world.
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Unraveling the Mystery of the ZNRF3 Gene:
A Journey Through Rare Brain Disorders and Cancer

introduction

Almost ten years ago, doctors encountered a pa-
tient with a puzzling set of symptoms: an unusually
small brain, delayed speech, and ectodermal dys-
plasio—a condition that affects hair, nails, teeth,
and skin. The cause was unknown, so researchers
decided to dig deep into the patient’s DNA. They
found a defect in one of the copies of a gene called
ZNRF3, a gene that hadn’t been connected to any
inherited disorders before. This defect caused the
production of harmful proteins, and scientists sus-
pected it might be the root of the patient’s condi-
tion. Over the years, researchers identified 11 more
patients worldwide who appeared to have a harmful
mutation in the same gene. Interestingly, while most
of these patients had similar defects in the ZNRF3
gene, their symptoms varied widely—some even had
abnormally large brains.

The Power of Global Collaboration

Because the conditionis so rare, researchers had to
reach out globally to gather more information. They
used professional networks and databases to share
details about the ZNRF3 gene, which helped them
connect with other scientists around the world who
had encountered similar cases. Through this global
collaboration, they found 11 additional patients with
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suspected mutations in the ZNRF3 gene.

Of these 11 patients, eight had one defective copy of
the gene, and four had lost their ZNRF3 copy entire-
ly. Seven of the eight patients with a defective copy
showed a range of neurodevelopmental issues, with
many having abnormally large brains. One patient,
however, had a small brain and severe developmen-
tal delays. On the other hand, the four patients who
had only one functional copy of the gene didn't show
any neurological symptoms. Instead, they had prob-
lems with other organs, such as the heart, adrenal
glands, and kidneys. Notably, no patient was found
with both copies of the ZNRF3 gene missing, leading
researchers to believe that losing both copies of this
gene might be incompatible with life.

ZNRF3: A Gene Tied to Brain Development
and Cancer

The ZNRF3 gene plays a crucial role in regulating
the number of brain cells. It produces two copies of
a protein that ensures the brain doesn’t make too
many or too few cells. This regulation is important
not just for the brain but for other organs as well.
If there’s a mutation in the ZNRF3 gene, it can lead
to uncontrolled cell growth, which is often linked to
cancers like colon and adrenal cancer.

When researchers took a closer look at the ZNRF3
gene, they found that many of the mutations linked
to cancer were clustered in a small region called the
RING domain. This region is where most patients with
unusually large brains had their mutations, suggest-
ing a connection between these mutations and a
higher risk of developing tumors later in life.

How ZNRF3 Affects Brain Size

Researchers identified two key areas within the
ZNRF3 gene that seem to control brain size. Almost
all mutations that caused abnormal brain develop-
ment were found in either the RING region or another
smaller area that interacts with a gene called RSPO.
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Cutting edge Al: benefits and potentials

» Enhanced Precision and Accuracy: During neuro-
surgical procedures, the use of Al-powered robotic
systems can significantly heighten surgical preci-
sion. These advanced technologies can assist sur-
geons in navigating complex anatomical structures
with greater accuracy and consistency than tradi-
tional methods. For example, Al algorithms can pro-
vide real-time feedback on the spatial positioning
of instruments, helping to avoid critical areas and
reducing the likelihood of complications.

« Improved Diagnosis and Planning: One of the most
significant benefits of Alin neurosurgery isits poten-
tial to improve diagnostic accuracy. Al algorithms
can analyze medical imaging data, such as MRIs
and CT scans, to identify abnormalities that may
be missed by human eyes. For instance, machine
learning algorithms can assist in detecting tumors,
cerebral hemorrhages, and other critical conditions
more reliably. By offering objective analyses of im-
aging data, Al reduces diagnostic errors, allows for
earlier detection of pathological conditions, and fa-
cilitates timely interventions.

* Personalized Treatment: Al can aid in the devel-
opment of personalized treatment plans tailored
to the specific needs of patients. By analyzing vast
amounts of patient data, including genetic informa-
tion, biomarkers, and clinical history, Al systems can
identify optimal treatment strategies. This individ-
ualized approach not only enhances the effective-
ness of treatment but also minimizes risks associat-
ed with unnecessary procedures, thereby improving
patient outcomes.

« Predictive Analytics and Risk Assessment: Al can
improve the ability of neurosurgeons to predict sur-
gical outcomes and assess risks associated with
different procedures. By analyzing historical data
and patient-specific factors, Al algorithms can pro-
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vide risk stratification for various surgical interven-
tions. This predictive capability enables surgeons to
better inform patients about potential outcomes
and complications, fostering informed consent and
shared decision-making.

Embracing the Challenges and Limitations
Al holds immense potential for neurosurgery, but
its widespread adoption faces challenges. Priva-
cy concerns arise from the need for extensive pa-
tient data, potentially hindering Al development.
Overreliance on Al could also limit surgeon skill de-
velopment, while malfunctioning technology risks
misdiagnosis. Transparency is crucial, as healthcare
providers need to understand how Al generates re-
sults to build confidence. While Al may not replace
human roles, its implementation should focus on
patient-centered benefits, alleviating workload and
aiding clinical decision-making. Initial costs may be
a barrier, but Al can ultimately reduce expenses by
minimizing unnecessary testing.

The Future: Limitless Horizons, Endless Possibilities
Technological advancements in medicine under-
score the need for integrating automation and
advanced machine learning (ML) tools into neu-
rosurgery. Neurosurgeons must leverage artificial
intelligence (Al) and ML in routine clinical practices
and postoperative care. To prepare future physi-
cians, training on Al models should begin early in
their education, ensuring they are familiar with these
technologies. the integration of Al and ML into clini-
cal practice is underway, the combination of Al with
surgical robotics holds promise for enhancing out-
comes in the operating room (OR). Although Al has
yet to be widely adopted in surgical settings, robot-
ics have already augmented surgical capabilities.
Additionally, automating preoperative planning in
neurosurgery can improve the identification of the
epileptogenic zone and optimize candidate selec-
tion for pediatric epilepsy surgery, demonstrating
the future reliability of Al in neuro-oncology care.

Q00
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Artificial Intelligence
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Vascular Issues

Al to detect
cerebrovascular lesions

« Altoidentify epilepsy

+  Altoidentify glioma ML to predict patients

tumours. postoperative outcomes
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Hiftadens treatment of epilepsy
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Alto diagnose
intraoperative tumours
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« Alto predict outcomes

in complicated epilepsy
cases
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postoperative care prognosis

* Al todetermine brain
AVM risk factors
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Al and the Unraveling of Neurosurgery
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In the complex realm of neurosurgery, navigating
the labyrinth of the human brain presents unique
challenges. As researchers and surgeons strive for
precision and accuracy, a powerful ally has emerged
- Artificial Intelligence (Al).

The rise of artificial intelligence (Al) has sparked
widespread interest and led to its integration into
various aspects of our lives, including healthcare.
Notably, even within the highly specialized field of
neurosurgery, Al is being used for tasks like differen-
tial diagnosis, pre-operative planning, and enhanc-
ing surgical precision. Many of these Al applications
are helpingtoreduce therisk of complications during
and after surgery, as well as improvingui post-op-
erative care. Recent research strongly suggests
that machine learning (ML) holds immense promise
for neuro-oncological care, spine surgery, epilepsy
management, and other neurosurgical procedures.
ML techniques have demonstrated success in iden-
tifying tumors, predicting surgical outcomes, fore-
casting seizure activity, identifying aneurysms, and
more, highlighting its broad impact and potential
to improve patient care and outcomes in neurosur-

gery.

Al, particularly deep learning (DL) and machine
learning (ML), is transforming neurosurgery. From di-
agnosis to treatment, Al analyzes clinical data and
images with unprecedented accuracy, detecting
subtle abnormalities that might escape human ob-
servation. This empowers neurosurgeons with tools
for more precise pre-, intra-, and post-operative
care, reducing errors, costs, and ultimately improv-
ing patient outcomes. Al-driven predictive models
facilitate diagnosis, predict treatment responses,
and even enable preventative medicine. The next
section delves into specific examples of Al's appli-
cation in neurosurgical care.
Preoperative Phase in Neurosurgery
Al is revolutionizing the preoperative phase of neu-
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rosurgery by enhancing diagnosis, treatment plan-
ning, and patient decision-making. Al algorithms
can automatically segment tumors, localize seizure
origins, identify surgical candidates for epilepsy,
predict vasospasm after brain bleeds, and esti-
mate stroke damage, providing objective insights.
By standardizing these tasks, Al mitigates the sub-
jective interpretation of medical data, improving
diagnostic accuracy for conditions requiring neuro-
surgical intervention. This empowers surgeons and
patients to make informed decisions with greater
confidence.

Intraoperative Phase in Neurosurgery
Al is transforming intraoperative neurosurgery, of-
fering the potential to enhance surgical perfor-
mance and reduce errors. Traditionally, tissue bi-
opsy involves a lengthy process of transporting
samples to a lab for processing and analysis. How-
ever, Al-powered label-free opticalimaging can now
predict tumor diagnosis in near real-time, cutting
down the time required from 30 minutes to less than
150 seconds. This technology achieves an accuracy
rate of 95%, slightly surpassing the 94% accuracy
of conventional histology, making it a promising tool
for faster and more accurate intraoperative deci-
sion-making.

Postoperative Phase: The Role of Telemedicine
Given that patients may require multiple visits to
various healthcare facilities, including inpatient
wards, outpatient clinics, pharmacies, intensive
care units, emergency departments, and laborato-
ries, telemedicine has the potential to reduce un-
necessary travel for both patients and healthcare
professionals. The implementation of telemedicine
services is highly valued by both healthcare provid-
ers and patients and has the potential to improve
patient outcomes in the postoperative phase, par-
ticularly in regions with limited geographic access.
The majority of patients have welcomed postoper-
ative videoconferencing, which has been found to
be as effective and safe as in-person clinic visits for
patients who have undergone elective neurosurgery.
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