ISSN 2350-109X
www.indianscholar.co.in

2N\ Indian Scholar ©

MISAN>

§

2 . . 3s = 7=
Fudian Scholar An International Multidisciplinary Research e-Journal MEMBERS OF INTERNATIONAL

SCHOOLS’ ASSOCIATION

A REVIEW OF CONTRIBUTION MADE BY COMPUTATIONAL
SYSTEMS, MODELLING AND SIMULATION IN
MEDICAL ADVANCEMENT

Russel P. Gandhi
Utpal Shanghvi Global School,
Juhu, Mumbai, Maharashtra- 400049

Abstract

This paper analyses the procedures,advantages and weakness associated
with the adoption of various contributions made by modern technology in
medical advancements.The main contribution of this work lies in the data
analysis of three paramount technologies viz. computational fluid
dynamics modelling, Echopixel- 3-Dimensional Imaging and A Model of
ClosedLoop Administration of Short Acting Vasoactive Agents. This
study shall help opinion- formers to select the best criteria from these
technologies while designing or evaluating newer ones.
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INTRODUCTION

Computational technologies are surging in this era. The benefits of using technology involve the
change in medicinal practices, a potential change in death rates and also paces the medical
procedures. Due to this, technology in the healthcare industry has resulted in better patient
diagnosis and treatment. Healthcare is perhaps the most significant area to benefit from
technological adoption. As a result, the quality of life has improved throughout time, and many
lives have been saved. Some of the contributions made to medical industry are computational
fluid dynamics, Echopixel and a model of closedloop administration of short acting vasoactive
agents. Computational fluid dynamics or CFD is a specialist area of mathematics and abranch of
fluid mechanics.[1] It is used in the design ofmany safety-critical systems, including aircraft
andvehicles, by solving differential equations to simulate fluid flow. [1] This software solves
intricate and complicated geometries which would certainly not be solved by analytical
solutions. As the software can simulate fluid flow it can certainly simulate flow of the particular
fluid inside blood vessels in a human body. Therefore, it has a significant importance in the
medical industry.

EchoPixel is the only intraoperative software in the market to enable contact- freeimmersive 3-
Dimensional gross anatomical imaging, supporting structural cardiac intervention in laboratories,
operating rooms, and hybrid operating rooms. The software was unveiled at the Transcatheter
Cardiovascular Therapeutics (TCT) 2019 conference in San Francisco, the software renders in
volumetric medical imaging information (DICOM Files) for doctors to practice on the simulation
before they come for a surgery. [6]JA model of closed loop administration of short acting
vasoactive agents is a type of computational system which handles automatic care for
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hypertensive patients. The technology executes nitroprusside infusions in patients’ body to
reduce blood pressure in the blood vessels. When an increase in the blood pressure is seen, the
machine injects nitroprusside in the blood vessels to reduce the blood pressure. [3]

Theory
Commercial CFD codes are often used to perform computational fluid dynamics. CFD codes are
built on numerical techniques that address fluid-flow issues. To produce relevant information, all
CFD codes must have three basic components: 1) a pre-processor, 2) a solver, and 3) a post-
processor.[7] Pre-processing is indeed the process of entering a fluid flow issue into a CFD
software. The solver's foundation is the estimate of uncertain flow variables using simple
functions, the discretization of the estimates into the controlling flow, and the algebraic solution.
The aim ofa post-processor is to display the computational findings. Following this procedure,
the researcherwill be able to quickly comprehend the simulation findings. Changes in blood
circulation profilescan be used to display pressure distribution, wall shear stress (WSS), and
many more. Moreover, a cyclic movement can be seen during cardiac cycles.Medical studies
have extensively developed simulation techniques to help forecast the pattern of cardiovascular
blood circulation inside the human body. Computational simulations give essential information
that is exceedingly difficult to collect experimentally, and this is one of several CFD sample
applications in the biomedical field that may forecast blood flow through an aberrant artery. CFD
analysis is increasingly being used to investigate fluid dynamics inside the human vascular
system. Medical models of circulatory circulation have several advantages. They can reduce the
likelihood of postoperative consequences, aid in the development of better surgical methods,
provide a thorough knowledge of the underlying biological processes, and provide more efficient
and less damaging medical apparatus such as

Blood pumps.CFD enhances experimental and analytical methodologies by providing a
low-cost option for modelling actual fluid flow, notably in human bodily fluids.Despite its
numerous benefits, the researcher must acknowledge limits of CFD. Because numerical mistakes
arise during computations, there will be discrepancies between the computed results and reality.
The most effective techniques to analyse the vast quantity of data created by numerical
calculations are to visualise numerical solutions using vectors, contours, or animated videos of
unsteady flow. Wonderfully brilliant colour images may add realism to the actual fluid dynamics
inside a flow system, but they are useless if they are not mathematically correct. As a result,
numerical findings must always be extensively investigated before being believed; as a result, a
CFD user must learn how to correctly assess and make critical judgements about the calculated
results. True3D software from EchoPixel allows heart surgeons to interact with medical images in
the same manner they would be with physical real - world objects. It uses imagery from
computed tomography (CT), magnetic resonance (MR), echocardiography, and C-arm
fluoroscopy to generate life-size holographic models of organs, blood arteries, and other
structures. This enables physicians to engage with a digital replica of the patient's anatomy to
choose the best treatment target, approach, and catheter position while capturing exact
measurements, distances, and angles. True3D has been found to facilitate the completion of
procedures with predictable and reliable outcomes by providing greater visibility of anatomical
features and spatial relationships. As a result, medical teams can better comprehend clinical
difficulties and communicate more efficiently.Echopixel exhibits individual patients' anatomy in
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accessible 3D space, allowing for quick response and flawless interaction. Procedure-specific
anatomical information is freely accessible and unhindered. It offers the necessary visual context
while excluding any extraneous information. It allows users to grasp, dissect, and size crucial
clinical aspects in a single motion. It enables clinicians to generate and share rich data.
Specialized for Echopixel are that it provides cross-sections in volumetric and 2D multi-planar
reconstruction views, allowing clinicians to easily drive their view along any oblique aspect
without being confined to axial, coronal, and sagittal views. It computes the surface area and
volume of specified anatomy by employing lines, polylines, splines, orthogonal diameters,
angles, and sophisticated tools that are appropriate for the patient's anatomy. It enables doctors to
generate a 3D surface representation of their patients' anatomy and identify areas of interest.
Centreline Extraction: This function finds the centre route of a 3D surface model. It allows you
to focus on a specific area of interest and updates the image to display in all visualisation
modes.Interpreting 3D anatomic linkages with current 2D and 2.5D perspectives presents new
and distinct obstacles, which can result in procedural complications and inefficiencies, as well as
impediments to expanding the use of non-invasive therapies.EchoPixel addresses such
constraints by providing a 4D interactive holographic platform that helps real-time precise
situational awareness of catheters and implanted devices in respect to complicated anatomy. A
research regarding use of Echopixel was undertaken, the research included a retrospective review
of 38 patients who underwent TAVI(entails inserting a catheter into a blood artery in the upper
leg or chest and directing it to your aortic valve). [2] The EchoPixel system was used to calculate
aortic annulus diameter. [2] The measured value was compared to actual valve implant size using
t-tests. [2] Numerical data are presented as mean-standard error of the mean. The findings
demonstrate concordance between EchoPixel aided and conventional approaches used for sizing
TAVI devices. [2] EchoPixel could improve landmark detection, reducing procedure time and
increasing accuracy. [2] 3-Dimensional visualisation may also be beneficial in more complicated
instances including bicuspid aortic valve replacement and transcatheter mitral valve replacement.
[2] Nitroprusside infusions help reduce hypertension in a patient, if during a surgery accidental
punctures take place such vasoactive agents can reduce blood pressure to ease the blood flow
until the lacerations is handled. Moreover, these infusions are regulated by computer. [3] The
mean arterial pressure before therapy ranged from 134 to 165 mm Hg. [3] Nitroprusside infusion
was started manually, a mean arterial pressure set point was chosen, and computer control was
activated.[3] The computer compares mean arterial pressure to the predetermined point every 2
minutes.[3] The infusion rate rises by 5% for average vascular pressures 10 mm Hg or higher
over the set point.[3] When mean arterial pressures fall 10 mm Hg or more below the set point,
the rate of infusion is reduced or stopped, depending on the level of pressure.Excessive
nitroprusside infusion induces perspiration, nausea, vomiting, agitation, restlessness, and
muscular  twitching; these symptoms decrease when the rate of infusion is
reduced. Nitroprusside's hazardous effects are caused by its metabolism to cyanogen and
cyanide, followed by detoxification to thiocyanate, however thiocyanate toxicity can also occur.
Thiocyanate is primarily eliminated in the urine, having a half-life of around one week. Toxicity
from cyanide and thiocyanate can result in metabolic acidosis, tachycardia, tachypnea, vomiting,
headache, lethargy, nausea, anorexia, disorientation, and coma, and in severe cases, death.

112
Vol. 9 Issue II, September 2022 MISA LUMINOUS SPARK- 2022


http://www.indianscholar.co.in/

ISSN 2350-109X
www.indianscholar.co.in

2N\ Indian Scholar ©

MISAN>

§

2 . . 3s = 7=
Fudian Scholar An International Multidisciplinary Research e-Journal MEMBERS OF INTERNATIONAL

SCHOOLS’ ASSOCIATION

Results

The worldwide healthcare IT industry is anticipated to exceed $441 billion by 2025. According
to a recent Global Market Insights research. Innovative diagnostic technologies and software
solutions are propelling the sector ahead at breakneck pace. These cutting-edge technologies and
developments are not only saving lives, but also allowing people to live healthier, happier, and
longer lives than ever before.As per a report from the Agency for Healthcare Research and
Quality, avoidable deaths in U.S. hospitals have decreased by 17 percent since 2012, saving
almost 50,000 lives.

Discussion

The results indicate that computational systems, modelling and simulations in the medical
industry has been a paramount addition. The contributions mentioned above have improved
medical industry to such an extent that the industry has become semi-autonomous.Medical
technology provide for the rapid and precise detection of health issues, allowing for prompt
action and improved results. Innovative items may be used to replace, restore, and prolong
malfunctioning body functions, while telemedicine and linked gadgets allow for remote
monitoring of patients' ailments. These applications helps eliminating the manual labour present
in the procedures, allowing humans to focus on more creative approaches and discovering newer
technologies to further develop the race.

Conclusion

The computational systems, modelling and simulations have improved healthcare throughout the
globe from better diagnoses to better treatments and surgeries these modern technologies have
made the world a better place to thrive in. The future of the health sector will drastically feature
technologies that seamlessly integrate data on a patient's medical history, real-time health, health
insurance, and financial details in order to enhance professional judgement, improve overall
health, and save expenses. The first step will be to improve access to healthcare information.
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