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ABSTRACT: Minimally invasive cardiac surgery (MICS) has emerged as a
transformative approach in cardiovascular medicine, aiming to reduce surgical
trauma and improve patient outcomes compared to traditional open-heart procedures.
Originating nearly a century ago, MICS has undergone significant advancements,
evolving from rudimentary instruments to sophisticated robotic-assisted and Al-
driven techniques. This evolution has enabled surgeons to perform complex cardiac
surgeries through small incisions, minimizing damage to surrounding tissues and
organs. Key procedures such as aortic and mitral valve replacements, coronary artery
bypass grafting (CABG), and maze surgeries for atrial fibrillation have been
successfully adapted to MICS. These procedures leverage innovations like robotic
systems that enhance precision, minimize human error, and provide better
visualization of the operative field. As a result, patients experience reduced post-
operative pain, shorter hospital stays, faster recovery times, and improved cosmetic
outcomes due to smaller surgical scars. Recent studies and clinical trials underscore
the safety, feasibility, and efficacy of MICS across diverse patient populations. The
adoption of MICS continues to expand globally, driven by its potential to mitigate
complications associated with traditional sternotomy, such as infections, bleeding,
and longer recovery periods. Moreover, advancements in sutureless anastomotic
devices and other technologies support the growth of minimally invasive approaches
in cardiac surgery, promising even better outcomes in the future. In conclusion,
MICS represents a paradigm shift in cardiac surgery, offering a blend of
technological innovation and surgical expertise to optimize patient care. Future
developments in MICS are expected to further refine techniques, expand indications,
and enhance overall patient satisfaction and quality of life following cardiac
interventions.

INTRODUCTION:

Minimally

invasive  The idea and practical application dates back to

approaches have become the prime aspect of
surgical practice and has been gaining global
attention due to its low surgery associated
complications. This developing approach is
considered safer compared to conventional surgical
techniques.
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around 1931. Over the vyears, it has attained
tremendous changes and development. It revolves
around surgical instruments upgradation from
crude instruments to artificial intelligence-oriented
approaches, robotic assisted surgeries and advanced
gadgets *.

The proposal of minimal invasive procedures has
come to wide acceptance as it greatly reduces the
incidence of post- operative stress and
complications compared to a conventional
approach. Also, it does not compromise of the
overall therapeutic outcome. Recently, mainstream
focus has shifted to minimally invasive cardiac
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surgery techniques. Unlike the goals of minimal
invasion in other surgeries, the main target tends to
be consideration of extracorporeal circulation as it
is the prime cause of morbidity 2.

Currently techniques are being tried and tested
revolving around mitral valve replacement, aortic
valve  replacement, transcatheter  involving
procedures for mitral and aortic valves.
Extensively, hybrid coronary revascularization
procedures and coronary bypass surgery are
assisted by robots and innovative gadgets °. With
developments in the field every day, minimal
invasion has come to show less surgery associated
trauma, lesser pain post operation and quicker
recovery. We also witness better results from
minimal  invasive cardiac  surgeries than
conventional surgery *°.

Conventional cardiac surgeries often involve
complications and atrial fibrillation has been
reported with a higher incidence. Post-operative
atrial fibrillation (POAF) has traditionally been
considered a temporary, benign, and self-limiting
complication of cardiac surgery, easily managed
and well-tolerated by patients. However, recent
studies indicate that POAF may be more serious
than previously thought, with links to increased
long-term mortality and morbidity. Since 1993, a
variety of minimally invasive surgical techniques
have been developed. These methods aim to reduce
surgical invasiveness and trauma, resulting in better
outcomes and lower perioperative morbidity
compared to traditional full sternotomy °.

Upon, reduction of complications associated with
conventional techniques of surgery, minimal
invasive procedures provide other advantages.
Minimal invasive procedures do not generally
require very few small incisions to guide through
instruments and camera to access the site of
surgery. On the other hand, in conventional
surgical procedures, we note a larger incision being
made centrally over the breastbone. This also helps
to minimize the post operative infective
complications.

Traditional cardiac surgery, often referred to as
open-heart surgery, encompasses several crucial
elements that define its approach and impact on
patients. One of the primary steps in this type of
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surgery is a sternotomy, where the surgeon splits
the breastbone to gain direct access to the heart.
This significant incision allows the surgical team to
have a clear and comprehensive view of the heart
and its surrounding structures, which is essential
for conducting intricate procedures.

During the operation, the patient is connected to a
heart-lung machine. This sophisticated device
temporarily assumes the functions of both the heart
and lungs, maintaining blood circulation and
oxygenation throughout the body while the heart is
stopped. The heart-lung machine is a pivotal
component, as it enables surgeons to operate on a
non-beating, bloodless heart, which is crucial for
precision during complex repairs or replacements.

The extensive exposure provided by the sternotomy
is particularly advantageous for performing a wide
range of cardiac surgeries, such as coronary artery
bypass grafting (CABG), where blocked arteries
are bypassed to restore blood flow to the heart
muscle. It also facilitates valve repairs and
replacements, and the correction of congenital heart
defects. The ability to see and access the entire
heart allows for meticulous surgical work, which
can be lifesaving.

However, the invasiveness of traditional cardiac
surgery leads to a longer hospital stay and an
extended recovery period for patients. The healing
process is more prolonged because it involves not
just the heart, but also the breastbone, which can
take several weeks to months to fully mend. During
this recovery time, patients must be cautious with
physical activities to allow proper healing of the
sternum.

Moreover, the large incision and the physical act of
spreading the rib cage to access the heart contribute
to significant postoperative pain and discomfort.
Managing this pain effectively requires strong
analgesics and comprehensive supportive care,
which includes monitoring for complications,
assisting with mobility, and providing emotional
support to help patients cope with the discomfort
and the challenges of a prolonged recovery period.
This combination of extensive surgical exposure
and the resultant postoperative pain underscores the
intensity and the demanding nature of traditional
cardiac surgery .
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In this study, we aim to understand the various
approaches that have been recently adopted in
minimally invasive cardiac surgeries. It will also
cover the patient selection criteria, procedural
success rates, complication rates, and long-term
outcomes associated with these approaches. By
examining recent studies, clinical trials, and case
reports, we aim to provide a comprehensive
understanding of the state-of-the-art in minimally
invasive cardiac surgery. This study will serve as a
valuable resource for clinicians, researchers, and
healthcare policymakers to make informed
decisions and foster further innovation in this
critical area of medicine.

Aortic Valve Surgery: Aortic valve surgery is
done when there is impaired aortic valvular
function. Improper functioning of the aortic valve
disrupts the heart rhythm and alters conduction in
the system and affects the overall blood pressure
and cardiac health. These new minimal invasion
methods ensure speedy recovery lesser pain and
better outcomes. The length of hospitalization is
reduced and complexed surgical incisions is
restricted. Also, these ensure maximum safety and
do not compromise on the therapeutic outcome of
the conventional surgery . The standard approach
to accessing and performing an aortic valve repair
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or replacement surgery has always been the full
median sternotomy. In full median sternotomy, an
inline vertical incision is made through the sternum
and is then divided with a sternal saw. This method
of incision and access provides wider access to the
heart and lungs. In the last few years, various
approaches have been developed and tested to
replace the conventional full median sternotomy.
Robotic- assistance has been the prime discussion
as it carries numerous advantages over the
traditional method. We observe reduced errors and
morbidity rates, reduced operative duration,
exposure to radiation and several other factors °.

Several studies have been conducted to understand
the safety and feasibility of the methods. And most
studies support that the minimal invasive
approaches are safe and can replace conventional
surgery techniques provided, the methods are

standardized and highly skilful overlook is
provided *°.
Minimally invasive aortic valve replacement

(MIAVR) provides access to various sections like
the percutaneous methods, right parasternal
incision, trans-sternal incision, ministernotomy or
right anterior minithoracotomy. A descriptive
procedure is illustrated in Fig. 1.

1. Direct cannulation or
Perigheral percutaneous
cannulation

2. Establish cardiopulmonary
bypass
Body Temperature: 34'C

10, Closieg of ortotoeny for
proper anchoring and seating

8. Deploying the rapid
deployment valve system
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Incision to expose the aortic
valve
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I - GV y 6. Excising and decakcification
of valve

7. Sizing the aortic annulus

FIG. 1: MINIMAL INVASIVE AORTIC VALVE REPLACEMENT PROCEDURE
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Advantages of MIAVR:

e Reduced risk of post- operative bleeding.

e Reduces the requirement of blood transfusions.
e Faster Post surgical recovery.

e Shorter duration of hospitalization.

e Shorter rehabilitation time 121314,

Cardiac Arrythmia Surgery: In recent years,
there have been significant advancements in
cardiac arrhythmia surgery. This is evident from
the articles published in the past year, which focus
on the surgical treatment of supraventricular and
ventricular arrhythmias. The use of radiofrequency
ablation for arrhythmia treatment has become
increasingly common, particularly in the Maze
procedure for atrial fibrillation. The outcomes of
this procedure have been consistently excellent.
Additionally, the introduction of implantable
cardioverter-defibrillators has revolutionized the
therapy for ventricular tachycardia and sudden
cardiac death. This has allowed for a more precise
selection of patients for direct ventricular
tachycardia surgery, resulting in a surgical
mortality rate of only 4%.

Furthermore, patients who undergo curative
procedures experience excellent long-term survival
and remain free from arrhythmia recurrence.
Lastly, the implantable cardioverter-defibrillator
has also been explored as a bridge to cardiac
transplantation, showing promising intermediate-
term results *°.

Arrhythmia surgery in patients with congenital
disease faces challenges due to the wvarious
anatomical variations, types of arrhythmias, and the
location of scar tissue within the heart muscle. Both
experimental and clinical studies have shed light on
the underlying mechanisms of arrhythmias,
including accessory connections, atrial fibrillation,
atrial reentry tachycardia, nodal re- entry
tachycardia, focal or automatic atrial tachycardia,
and ventricular tachycardia. There are numerous
surgical and transcatheter options available, and it
is crucial for congenital heart surgeons to possess a
comprehensive understanding of all types of
arrhythmias and potential methods of ablation *°.
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Atrial fibrillation, the most prevalent sustained
arrhythmia, carries significant risks such as
thromboembolism, stroke, congestive heart failure,
and mortality. The management of atrial fibrillation
has witnessed notable advancements,
encompassing pharmacologic therapies,
antithrombotic therapies, and ablation techniques.
Surgical interventions, both concomitant and stand-
alone, have proven to be effective in restoring sinus
rhythm for atrial fibrillation patients.

The emerging field of minimally invasive surgical
ablation aims to achieve superior outcomes
compared to the traditional Cox-Maze procedure,
while minimizing morbidity, expediting recovery,
and enhancing patient satisfaction. These
innovative techniques employ endoscopic or
minithoracotomy approaches, along with various
energy sources, to achieve electrical isolation of the
pulmonary veins and other ablation lines. Various
approaches have been developed and tested to carry
out an AF surgery, among them are *":

e Cryomaze procedure

e Radiofrequency maze procedure

e Video assisted thoracoscopic AF surgery
e Robot- assisted AF surgery

e Endoscopic AF surgery

CABG- Coronary Artery Bypass Grafting: The
primary objective of developing minimally
invasive direct coronary artery bypass surgery was
to minimize chest trauma and expedite patient
recovery. With the advent of mechanical stabilizers
and positioning devices, off-pump coronary artery
bypass has become a safe option for patients with
multi-vessel disease. Robotic technology has
further opened doors for myocardial
revascularization through limited access using
endoscopic principles. Currently, there is a
significant focus on the advancement of suture less
anastomotic devices, which have the potential to
revolutionize myocardial revascularization and
promote wider acceptance of minimally invasive
CABG procedures.

Suture less Anastomotic Devices: Currently U-
clip anastomotic devices are widely used and it
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comprises of 3 segments namely the needle, the
flexible member and the U- shaped clip, which is
made of nitinol, an alloy that allows self- closure.
This device has been recently approved by the FDA
and is being investigated clinically.

Robotic- Assisted Coronary Artery Bypass
Surgery: Robotic- assistance enables surgeons to
perform anastomoses with limited access. Currently
approved and under investigation are Da Vinci
System by Intuitive Surgical, Inc. and Zeus
Microsurgical System by Computer Motion, Inc.

Symmetry Bypass System: This is an aortic
connector system that is useful in the construction
of proximal anastomoses. This is considered
beneficial as it helps to avoid aortic manipulation
like the involvement of clamps. This is FDA
approved and under clinical investigation.
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Magnetic Vascular Positioner: This is a magnetic
device used for distal coronary artery anastomoses.
This device is only under clinical investigation in
Europe *.

Minimally Invasive CABG: In minimally invasive
CABG, a new component was introduced called the
off- pump CABG, which ensured minimised
invasion and also greatly reduced the need for
cardiopulmonary bypass, which again leads to
complications. With the introduction of minimally
invasive CABG, we could potentially eliminate the
unwanted effects caused by cardiopulmonary
bypass 1% %,

Procedure: A detailed procedure for minimally
invasive CABG has been depicted in Fig. 2.

1. A transverse incision is made anteriorly
in the 4th or Sth intercostal space.

b

2. The left lung is typically deflated using a
double-lumen endotracheal tube or 3 bronchial
blocker

3. Visualization of LIMA

4, Pericardium and LAD Exposure

>
.L%z’ »-

o
- a

5. Stabilization:
Introduce a stabilizer into the
chest via a separate incision
that will later serve as the
chest tube site.

7. Endoscopic Assistance

FIG. 2: PROCEDURE DEPICTING MINIMAL INVASIVE CABG

The use of minimal invasive technique is currently
lower and it is believed to be because of the
complexity and skill required to implement newer
aspects to surgical procedures. It is also essential
that we combine experience, knowledge and
training in the use of newer technology into
performing a successful surgery 2%,

Maze Surgery: Maze surgery is easily the most
common approach  for atrial  fibrillation.
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Traditionally for an atrial fibrillation existing for
less than one year in a patient either catheter
ablation or hybrid ablation is chosen. In atrial
fibrillation lasting for more than one year paired
with minimally enlarged left atrium, hybrid
ablation is the choice of surgery. In atrial
fibrillation lasting for more than a year along with
highly enlarged left atrium, cox maze surgery or
the maze surgery is chosen. A maze surgery is also
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opted for recurring atrial fibrillation. Major benefits
associated with maze surgery includes reduced time
for recovery and low risk of infection due to
minimal invasion. Usually, maze is done with a
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very small thoracotomy incision generally between
4-5cm. Length of hospitalisation is generally over

5133-7 days. A detailed procedure is depicted in Fig. 3

MAZE SURGERY

Purpose: Maze surgery is used to treat atrial fibrillation (AFib) by
creating scar tissue that blocks abnormal electrical signals in the
heart.

Minimally Invasive: The procedure involves small incisions and
uses a thoracoscope, a mini camera, for internal visualization
without opening the chest.

1. Incisions and ports to 2. A thoracoscope is placed
step Introduce surgical in one of the ports to
instruments, ablation provide a view of the heart
devices, and the and the location of surgical
thoracoscope. tools, enabling the surgeon

10 see inside the chest

while it remains closed.

Advantages: Reduced Risk: Less risk of pulmonary vein stenosis
(narrowing) compared to catheter ablation. Pulmonary vein
isolation can effectively stop AFib in patients with paroxysmal
AFib.

Limitations: Patients with persistent or longstanding persistent
AFib may require more extensive ablation due to changes in atrial
tissue and muscle.

4. Pulmonary vein
isolation

3. Surgical AF ablation

FIG. 3: MAZE SURGERY PROCEDURE

Implantable Cardioverter Defibrillator: An
implantable cardioverter defibrillator is typically
used in children and infants with sudden cardiac
death or highly fatal arrythmias. Minimal invasive
techniques now enable limited access to interior

regions and are restricted to the epicardium. These
epicardial implantable cardioverter defibrillators
are free of venous occlusions risk. Thus, epicardial
ICDs offer vast advantages over the traditional

Implantable Cardioverter-Defibrillator

Purpose:

An ICD is a device implanted in the
chest to monitor heart rhythms and
deliver electrical shocks to restore
normal heart rhythm if life-threatening

1. Pre-operative preparation

ICDs %

3. Incislon: A small Incision T
6. Incision Closure

arrhythmias  (abnormal  heartbeats) 2. Ansesthesia by use of local
are detected. anaesthetic and sedation
Postoperative Care:

Monitoring: (usually 2-3 inches) is made
Patients are monitored in the recovery below the collarbone, often on
area for a few hours. the left side of the chest.
Hospital Stay:

Some patients may stay overnight in
the hospital, while others may be
discharged the same day.

Follow-up:

Wound Care: Instructions on how to
care for the incision site are provided.
Activity Restrictions:

Patients are advised to avoid
strenuous activities and heavy lifting
for several weeks.

Device Checks:

Regular follow-up appointments are
scheduled to check the ICD's function
and battery status.

Pocket Creation: A “pocket” is
created under the skin and
muscle where the ICD device will
be placed.

4. Lead Placement:

Vein Access: A vein (usually the
subclavian vein) is accessed to
insert the leads (wires) that
connect the ICD to the heart
Load Insertion: The leads are
guided through the vein into the
heart using fluoroscopy (a type
of real-time X-ray)

Lead Testing: The leads are
tested to ensure they are
positioned comectly and can
effectively deliver shocks  if
needed.

——

7. Programming and Testing

FIG. 4: IMPLANTABLE CARDIOVERTER DEFIBRILLATOR INSTALLATION AND CARE
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Over the last few years ICDs have undergone
numerous changes and development. The main
complication associated with conventional ICD use
is the occurrence of venous occlusion. In the past
few decades, various other access options have
been proposed, developed and undertaken into
practice. The common access into clinical practice
now includes, subcutaneous ICD coil, epicardial or
pericardial ICD- these are available as coils and
patches, substernal ICD coil, extra-pleural ICD coil
and hybrid 1CDs.

The selection of newly developed ICD systems
make room for individualization of therapy and
allows combination of various accesses and
techniques  which  ensure lower risk of
complications, lesser chance of infection, better
safety and enhanced overall outputs %,

These minimal invasive ICD coils are designed to
fit specific and personalized choice of positions and
meet individual requirements. Also, the room for
combinations and alternative selections enhance the
treatment output with overall additive effects and
patient safety. Although, there is limited data on the
use and in detail report of minimally invasive
ICDs, there is a promise this could be the future
with developments made further and skilled
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personnel to monitor and conduct overall
procedures. A detailed process of implantation is
illustrated in Fig. 4 %.

Ventricular Assist Devices: In patients with
potential risk of complete heart failure, a
mechanical circulatory system is established in
order to prevent complete organ shut down or
dysfunction. Due to unavailability of donors, we
observe an increase in the use of mechanical
support system for circulation 2’. Similar to other
minimal invasive methods, these ventricular assist
devices also lower the complications that are
associated with cardiopulmonary bypass .

Ventricular assist devices incorporated via minimal
invasive approach resulted in little or no need for
follow up blood transfusions, shorter length of
hospitalization, shorter recovery period and low
rate of ventricular failure or dysfunction 2% %,
There are two mainly used techniques namely the
hemi- sternotomy and the sternum sparing
technique. In most clinical setups, the minimal
invasive techniques have been adopted and
practised as standard options for various cardiac
concerns 3% 3% % A detailed procedure explaining
the process of ventricular assist device has been
depicted in Fig. 5.

Purpose 1. Preparation
A VAD is a mechanical pump that .
supports heart function and blood
flow in individuals with weakened
hearts, typically those with heart
failure. It can be used as a bridge to
heart transplantation or as a long-
term therapy.

candidate.

procedure

4. VAD Implantation

rest of the body),

2. Anesthesia: General Anesthesia
The patient is put under general
anesthesia, meaning they will be
asleep and painfree during the
surgery.

3. Incision and Access

A large Incision is made in the chest
to access the heart. This may involve
a stermotomy or a less invasive
method, depending on the patient’s
condition and the type of VAD,

artery.

tive Tests: Extensive tests such as blood tests, echocardiogram, cardiac
catheterization, and chest X-rays are conducted to ensure the patient is a good

« Medication: Patients may need to adjust or stop certain medications before surgery.
« Fasting: Patients are generally required to fast for a specific pericd before the

The device is connected to the heart and aorta (the
main artery that carries blood from the heart to the

e Left VAD: The most common type of VAD, It
assists the left ventricle. The inflow cannula
(tube) is placed in the left ventricle, and the
outflow cannula is connected to the aorta

Right VAD: Assists the right ventricle. The inflow
cannula is placed in the right ventricle, and the
outflow cannula is connected to the pulmonary

+ Power and Control: The VAD is connected to a
power source and control unit, which is usually
outside the body, connected through a driveline
that exits through the skin

5. Incision Closure

* Closing the Incision. The
chest incision is closed with
sutures or staples, and a
dressing is applied to protect
the wound

FIG. 5: VENTRICULAR ASSIST DEVICE IMPLANTATION PROCEDURE

Robotic Assistance in  Minimally Invasive
Cardiac Surgery: Advances in surgical techniques
have led to the development of minimally invasive
procedures, particularly in cardiac surgery.
Endoscopic surgery, utilizing small incisions and

International Journal of Pharmaceutical Sciences and Research

cameras, offers patients reduced trauma and
quicker recovery times. Surgical robots further
enhance precision, enabling complex procedures
like mitral valve repair, atrial septal defect closure,
and coronary artery bypass grafting to be
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performed with  minimal invasion. These
innovations have shifted cardiac surgeries from
traditional sternotomy approaches to entirely
endoscopic  methods,  promising  improved
outcomes and patient recovery .

Robotic technology enables the least invasive
approach to performing mitral valve surgeries.
Various methods for robotic repair and replacement
of the mitral valve are now feasible and their
indications have recently expanded. Enhanced
precision in handling instruments, advanced 3D
and high-definition visual capabilities, the
introduction of a robotic retractor for the left
atrium, and supporting technologies allow for
complex minimally invasive mitral valve
procedures through small incisions on the patient’s
right chest wall. Utilizing robotics significantly
minimizes surgical trauma while ensuring safety
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and maintaining high standards for
outcomes in mitral valve surgery *.

surgical

Robot-assisted coronary surgery spans a range of
procedures, from harvesting the internal mammary
artery (IMA) for hand-sewn connections to
performing totally endoscopic coronary artery
bypass grafting (CABG) with or without the heart-
lung machine. Surgical robots have been
specifically designed to improve surgical precision
and capability. They are utilized not only for
coronary artery bypass grafting but also for
addressing various structural heart conditions such
as mitral valve repair, closure of atrial septal
defects, resection of cardiac tumors, and minimally
invasive direct coronary artery bypass grafting. Fig.
6 explains the advantages and disadvantages of
robotic assisted cardiac surgery.

Types of Robotic assisted minimally invasive surgery

¢ Tele-surgical Systems

b~ - ‘: ) y &

Patiert

Robotic assisted minimally invasive surgery

Advantages

* Minimized Invasiveness: Smaller incisions leading to
reduced blood loss and quicker recovery.

« Enhanced Precision: Greater control over surgical
Instruments
* Improved Visualization: Superior imaging techniques

providing better visibllity of the surgical area

* Ergonomic Benefits: Reduces physical strain on surgeons
during lengthy procedures.

Disadvantages:

« Cost: High purchase and maintenance costs, potentially
limiting widespread adoption

« Tralning and Leamning Curve: Requires specialized training
and a significant leaming period for surgeons

* Lack of Tactile Feedback: Surgeons may not feel the same
level of feedback as with traditional methods, which can be a
disadvantage in certain delicate procedures

* Technical Issues: Possibility of mechanical failures or
malfunctions during surgery.

FIG. 6: ROBOT ASSISTED MINIMAL INVASIVE CARDIAC SURGERY

One significant application involves harvesting
both internal mammary arteries using robotic
assistance, followed by performing multivessel
bypass surgery. This approach minimizes trauma
and enhances surgical outcomes by utilizing small
incisions and advanced robotic tools. The most
common robotic applications in cardiac surgery

International Journal of Pharmaceutical Sciences and Research

include mitral valve repair and totally endoscopic
CABG. These procedures benefit from the
enhanced dexterity and visual clarity provided by
robotic systems, resulting in improved patient
recovery and reduced post-operative complications
compared to traditional open-heart surgeries ** *°.
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CONCLUSION: In recent years, the field of
cardiac surgery has undergone a profound
evolution with the advent of minimally invasive
techniques and robotic  assistance.  These
advancements have redefined the treatment
landscape for cardiovascular diseases by offering
procedures that are less invasive and more precise
than traditional open-heart surgeries.

Minimally invasive cardiac surgery involves
making smaller incisions, typically on the chest
wall, through which specialized instruments and
cameras are inserted. This approach contrasts
sharply with conventional methods that require
large incisions and sternotomy, where the
breastbone is divided to access the heart. By
minimizing the size of surgical openings,
minimally invasive techniques reduce trauma to
surrounding tissues, leading to decreased post-
operative pain, shorter recovery times, and lower
risks of complications such as infections and
bleeding. Patients also benefit from improved
cosmetic outcomes with smaller scars, which can
enhance their overall quality of life following
surgery.

The integration of robotic assistance has further
propelled the capabilities of minimally invasive
cardiac procedures. Surgical robots offer surgeons
enhanced  visualization  with  high-definition
cameras and magnified 3D views of the operative
field. They also provide instruments that mimic the
movements of a surgeon's hand with greater
precision, enabling delicate maneuvers in confined
spaces within the heart. Robotic systems have made
complex surgeries such as mitral valve repair, atrial
septal defect closure, and coronary artery bypass
grafting feasible through small ports on the chest
wall. This technological advancement not only
expands the scope of what is achievable in cardiac
surgery but also improves surgical outcomes by
reducing human error and variability. Looking
ahead, the continued refinement and adoption of
minimally invasive and robot-assisted cardiac
surgery promise to further enhance patient care. As
technology advances and surgeons gain more
experience with these techniques, the field is poised
to deliver even better results in terms of patient
recovery, long-term outcomes, and overall quality
of life for individuals undergoing cardiac
interventions. The future of cardiac surgery is

International Journal of Pharmaceutical Sciences and Research
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increasingly  defined by these innovative
approaches, marking a new era of safer, more
effective, and patient centered cardiovascular care.
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