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Abstract 
Cardiac catheterization remains a cornerstone of modern cardiology, offering essential diagnostic 
and therapeutic benefits by providing detailed insights into cardiovascular health. This procedure 
involves the insertion of a catheter into the heart's chambers or coronary arteries to evaluate cardiac 
function and guide interventions. With its roots tracing back to the early 20th century, cardiac 
catheterization has evolved significantly, incorporating advanced imaging techniques, improved 
catheter designs, and innovative therapeutic approaches. Key aspects of effective cardiac 
catheterization include optimal equipment selection, meticulous procedural techniques, and 
vigilant management of potential complications. Future developments promise further 
enhancements, such as advanced imaging technologies, robotic-assisted procedures, and the 
integration of artificial intelligence. This research aims to explore practical tips and techniques to 
optimize cardiac catheterization procedures, improve patient outcomes, and address evolving 
challenges in the field. 
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Introduction 
Cardiac catheterization is a pivotal diagnostic and therapeutic tool in modern cardiology. Since its 
inception, this technique has revolutionized the management of many cardiac conditions by 
enabling direct visualization of the internal structures of the heart and assessment of hemodynamic 
parameters with remarkable accuracy. This procedure, usually performed via percutaneous access, 
involves inserting a catheter into the heart chambers or coronary arteries, providing invaluable 
insights into cardiovascular health [1]. 
The primary indications for cardiac catheterization include the evaluation of coronary artery 
disease (CAD), assessment of myocardial function, and guidance for interventions such as 
angioplasty or stent placement. The advent of advanced imaging techniques and catheter designs 
has greatly enhanced the accuracy and safety of this procedure. Despite these advances, the 
complexity of cardiac catheterization requires a comprehensive understanding of its nuances to 
improve patient outcomes and minimize risks [1,2]. 
A critical aspect of cardiac catheterization is the careful selection and preparation of equipment. 
The selection of catheter type and size, along with appropriate contrast media, play a critical role 
in the success of the procedure [3]. Furthermore, careful attention to patient preparation, including 
preprocedural medication administration and vital sign monitoring, is essential to mitigate 
potential complications.  Technical proficiency in manoeuvring the catheter through the vascular 
system is essential. Knowledge of anatomical variations and common procedural pitfalls can 
significantly impact the ease and effectiveness of catheter guidance [4]. For example, familiarity 
with vascular access sites, such as the femoral or radial arteries, and the anatomical landmarks 
associated with each site can enhance procedural efficiency and reduce the potential for 
complications [5]. In addition to technical skills, management of complications is a key component 
of cardiac catheterization. Potential complications include contrast-induced nephropathy, 
bleeding, and arterial injury. Early recognition and prompt intervention are critical to effectively 
address these issues. Strategies such as improved hydration, use of low-pressure contrast agents, 
and use of advanced hemostatic techniques can mitigate these risks [6]. 
The continued evolution of cardiac catheterization techniques, including the incorporation of real-
time imaging and advances in catheter technology, requires ongoing education and adaptation 
among practitioners [6]. Keeping up to date with the latest developments and best practices ensures 
that healthcare providers can deliver high-quality care while navigating the complexities inherent 
in cardiac catheterization. This research aims to provide a comprehensive overview of practical 
tips and tricks for improving cardiac catheterization procedures. By addressing key aspects such 
as equipment selection, procedural techniques, and complication management, the goal is to 
advance understanding and improve outcomes in cardiac catheterization practice. 
Historical Background and Evolution 
Cardiac catheterization has become a fundamental tool in modern cardiology, offering vital 
insights into heart function and structure. Originating in the early 20th century, this technique was 
first demonstrated by Dr. Werner Forssmann in 1929 when he performed a self-catheterization to 
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prove its feasibility. Forssmann's pioneering work earned him the Nobel Prize in Physiology or 
Medicine in 1956 and set the stage for more advanced catheterization techniques [7]. 
In the mid-20th century, the field advanced significantly with the introduction of contrast agents 
and fluoroscopic imaging, which allowed real-time visualization of heart chambers and vessels. 
These innovations improved the diagnosis of coronary artery disease (CAD) and congenital heart 
defects. The 1970s brought the development of coronary angiography, enhancing the ability to 
visualize and assess coronary arteries. This era also saw the introduction of angioplasty by Dr. 
Andreas Gruntzig in 1977, revolutionizing the treatment of arterial blockages. The late 20th and 
early 21st centuries continued this progress with advancements in catheter technology, such as 
more flexible and maneuverable catheters, and the integration of high-resolution imaging 
techniques like intravascular ultrasound. The introduction of drug-eluting stents in the early 2000s 
addressed arterial restenosis and improved long-term outcomes. Additionally, transcatheter aortic 
valve replacement (TAVR) expanded the therapeutic possibilities for patients who could not 
undergo traditional surgery [7,8]. 
Recent developments include advanced imaging modalities like optical coherence tomography 
(OCT) and magnetic resonance imaging (MRI), which offer improved diagnostic accuracy. 
Looking ahead, the integration of artificial intelligence and machine learning is expected to further 
enhance procedural efficiency and patient outcomes in cardiac catheterization [9]. 
Indications for Cardiac Catheterization 
Cardiac catheterization is a critical procedure in cardiology used for both diagnostic and 
therapeutic purposes. It provides detailed information about the heart's function and structure, 
helping guide treatment decisions for various cardiovascular conditions [6]. The main indications 
for cardiac catheterization can be categorized into diagnostic and therapeutic reasons: 
1. Diagnostic Indications 

̶ Coronary Artery Disease (CAD): Cardiac catheterization is primarily indicated to 
evaluate the severity and extent of CAD. This involves the use of coronary angiography to 
visualize the coronary arteries and identify blockages or narrowing that could lead to 
angina or myocardial infarction [10]. 

̶ Assessment of Cardiac Symptoms: For patients with unexplained chest pain, shortness 
of breath, or other symptoms suggestive of heart disease, cardiac catheterization can help 
determine whether these symptoms are related to coronary artery blockages or other 
cardiac issues [6]. 

̶ Evaluation of Heart Failure: In cases of heart failure where the cause is unclear, 
catheterization can assess left and right ventricular function, pressures in the heart 
chambers, and identify any structural abnormalities [11]. 

̶ Congenital Heart Defects: For patients with suspected congenital heart defects, especially 
when non-invasive imaging is inconclusive, cardiac catheterization can provide detailed 
information about the heart’s anatomy and hemodynamics [6]. 
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̶ Preoperative Assessment: Before major non-cardiac surgery, especially in patients with 
a history of heart disease, cardiac catheterization may be performed to evaluate cardiac risk 
and guide perioperative management [6]. 

2. Therapeutic Indications 
̶ Angioplasty and Stenting: Cardiac catheterization is used as part of percutaneous 

coronary intervention (PCI) to open blocked coronary arteries using balloon angioplasty 
and stent placement, improving blood flow and relieving symptoms [12]. 

̶ Guidance for Valve Interventions: In cases where transcatheter valve interventions are 
considered, such as transcatheter aortic valve replacement (TAVR), cardiac catheterization 
helps in the precise planning and execution of the procedure [13]. 

̶ Closure of Cardiac Shunts: For patients with abnormal openings between heart chambers, 
such as atrial septal defects (ASD) or patent foramen ovale (PFO), catheter-based 
techniques can be used to close these shunts [14]. 

̶ Evaluation of Cardiac Function: Cardiac catheterization can guide the management of 
heart conditions like cardiomyopathy by assessing cardiac function and pressures and 
determining the need for interventions like surgical repair or device implantation [14]. 

 
3. Other Considerations 

̶ High-Risk Patients: In patients with complex cardiovascular conditions or those who are 
at high risk for complications, cardiac catheterization may be used to evaluate the need for 
more aggressive interventions or alternative treatments. 

̶ Unsuccessful Medical Therapy: For patients who do not respond to medical management 
for their cardiovascular conditions, cardiac catheterization helps in determining the need 
for procedural interventions. 

Cardiac catheterization is a versatile tool with broad applications in diagnosing and treating a wide 
range of cardiovascular conditions. Its use is guided by a thorough evaluation of the patient’s 
symptoms, risk factors, and overall clinical context. 
How to perform right cardiac catheterization 
Vascular access 
Vascular access is the first step in performing CCD. The accesses normally used are central ones 
such as the femoral vein, the internal jugular vein or the subclavian vein, each with advantages 
and disadvantages. For jugular access, the ultrasound-guided procedure is recommended 
(recommendation class IA) which has been shown to significantly reduce the risk of puncture and 
improper cannulation of the carotid artery, particularly frequent in the case of anatomical variants 
in the course of the internal jugular vein. In fact, the latter is lateral to the carotid artery in only 
22% of cases, antero-lateral in 49%, anterior in 23%, antero-medial and medial in 5% and 1% of 
cases respectively [15,16]. Furthermore, in most cases, it allows the CCD to be performed without 
radioscopic guidance, with considerable advantage in the case of female patients of childbearing 
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age or the need to perform the examination at the patient's bedside. Recently, the original 
Forssmann technique, i.e. peripheral venous access antecubital to the arm, has been revived by 
some operators; several studies have tested the feasibility of the CCD through this route, 
demonstrating its safety and low complication rate, however, the often small size of the peripheral 
vein does not always allow the use of a 7 Fr introducer capable of accommodating the Swan-Ganz 
catheter with thermistor [17,18]. 
Zero level 
The positioning of the zero level is essential for the execution of a reliable CCD, since all the 
measurements performed correspond to the difference between the pressure at the zero level and 
the pressure detected inside each cardiac chamber, in the absence of obstructions. Incorrectly 
positioning the zero level therefore means committing a systematic error in all subsequent 
measurements. By definition, the ideal zero level should be independent of the diameter of the rib 
cage and insensitive to changes in body position (indifferent hydrostatic point); Guyton and 
Greganti7 identified it on a plane passing through the left atrium in the supine patient. For this 
purpose, several landmarks have been proposed based on echocardiographic data or observations; 
among those proposed, the plane passing through the mid-thoracic line in the supine patient seems 
to be the most reliable and therefore the recommended one [19]. 
Pressure curves 
After inserting the introducer through the chosen venous access, correctly identifying the zero level 
and resetting the system, the CCD can begin by introducing the Swan-Ganz catheter (Fig 1). Once 
inflated, the balloon at the distal end of the catheter will allow it to easily advance through the right 
cavities. The first chamber crossed will be the right atrium (Fig 2) [10]. 

 
Figure 1 .Illustration depicting a catheter on the pulmonary artery . 
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Figure 2. Measurement of Intracardiac Pressures 

Right atrium 
The right atrial pressure curve has five deflections, three positive and two negatives. These 
components are often difficult to distinguish with the exception of a wave and the v wave which, 
especially in patients with left heart disease, can be particularly pronounced [20]. 
right ventricle and pulmonary artery 
Once the tricuspid valve has been passed, the entrance of the Swan-Ganz catheter into the right 
ventricle will be identified by a pulsatile pressure curve in which it will be possible to identify a 
systolic and a diastolic phase. The subsequent crossing of the pulmonary valve and then the entry 
into the pulmonary artery will be characterized, on the pressure curve, by the appearance of a 
significantly increased diastolic pressure, an expression of the closure of the pulmonary valve, in 
the absence of substantial changes in the systolic peak [21]. 
Pulmonary artery wedge pressure 
By pushing the catheter towards the distal pulmonary arterial branches, the arterial pulsatile wave 
disappears to make room for a typically non-pulsatile atrial wave: the pulmonary artery wedge 
pressure (PAWP) also called “wedge pressure” from the Anglo-Saxon term wedge: “wedge”). 
When the tip of the Swan-Ganz catheter is in the wedge position, the balloon occludes the distal 
pulmonary arterial vessel, thus completely obstructing the blood flow. A static column of blood 
will therefore form between the tip of the Swan-Ganz catheter and the left atrium, so the pressure 
wave detected at the tip of the catheter will be equivalent to the left atrial pressure [22]. 
Obtaining a reliable and stable wedge curve can often be difficult. A common error is the imperfect 
wedging of the tip of the Swan-Ganz in the pulmonary artery branch, which results in a pressure 
curve that is morphologically similar to that of the main pulmonary artery but attenuated in 
amplitude. In such cases, it may be useful to deflate the balloon by about a third to facilitate its 
advancement. Once in the wedge position, re-inflation of the balloon is not recommended due to 
the risk of arterial perforation and consequent hemoptysis or even death of the patient in the case 
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of severe pulmonary arterial hypertension (PAH); the same applies to the administration of contrast 
medium through the Swan-Ganz used by some operators to test the correct wedging of the catheter 
[23]. 
Technical Developments 

- Thermal Dilution 

The thermal dilution technique for measuring cardiac output evolved from Arnost Fronek's original 
concept. This method gained refinement through Bruce Ganz’s addition of a thermistor 
(temperature probe) to a balloon tip design initially developed by Edwards Laboratories, with 
consultation from John Swan. The principle of thermal dilution involves injecting a small volume 
(10 ml) of cold saline (0.9% NaCl) at approximately 10°C into the right atrium via a catheter. As 
the cooler fluid passes the thermistor located about 3 cm behind the tip, it causes a brief drop in 
blood temperature, which is recorded to generate a thermal dilution curve. Recent advancements 
include the integration of a heating coil placed 30 cm from the tip within the atrial region. This 
modification eliminates the need for cold fluid boluses, thereby reducing variability in human 
technique [24]. 
By connecting the injector site and the ventricular thermistor to a computer, the thermal dilution 
curve can be plotted. Inputting additional patient data such as body mass index, core temperature, 
systolic and diastolic pressures, central venous pressure (CVP), and pulmonary artery pressure 
allows for the creation of a comprehensive flow versus pressure map. In essence, this measurement 
assesses both left and right cardiac activity, calculating preload and afterload flow and pressures. 
This data can guide therapeutic adjustments to either constrict or dilate blood vessels, optimizing 
oxygen delivery to body tissues by modulating the pressure of blood flow to the lungs [24]. 

- Pharmacotherapy Lumina 

Modern catheters have multiple lumina — five or six are common — and have openings along the 
length to allow administration of inotropes and other drugs directly into the atrium. Drugs to 
achieve these changes can be delivered into the atrium via the fourth lumen, usually dedicated to 
medication. Common drugs used are various inotropes, norepinephrine or even atropine. A further 
set of calculations can be made by measuring the arterial blood and central venous (from the third 
lumen) and inputting these figures into a spreadsheet or the cardiac output computer, if so 
equipped, and plotting an oxygen delivery profile [25]. 
SvO2 Measurement 
One further development in recent years has been the invention of a catheter with a fiber-optic 
based probe which is extended and lodged into the ventricle wall providing instant readings of 
SvO2 or oxygen saturation of the ventricle tissues. This technique has a finite life as the sensor 
becomes coated with protein and it can irritate the ventricle via the contact area [25]. 
What are the risks of cardiac catheterization? 
Cardiac catheterization, while essential for diagnosing and treating heart conditions, carries 
potential complications that require careful management. One significant complication is bleeding, 
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which may occur from ruptured blood vessels at the insertion site. To manage bleeding, it is crucial 
to apply direct pressure to the affected area, closely monitor the patient, and provide prompt 
medical intervention if necessary [26]. 
Infections are another concern, potentially affecting either the insertion site or the blood vessels. 
Strict adherence to sterile techniques and timely antibiotic administration are essential to minimize 
infection risks. Allergic reactions to materials used in the catheter or contrast dyes may also occur, 
necessitating vigilant monitoring and prompt treatment with antihistamines if required. 
Additionally, damage to blood vessels or the heart, such as vessel rupture or incomplete balloon 
inflation, can present challenges. Rapid response is needed to address these issues, which may 
involve additional surgical interventions or the insertion of another catheter to correct the problem 
[26]. 
Effective management of these complications requires a high level of skill and experience from 
the medical team to ensure patient safety and optimize outcomes from the cardiac catheterization 
procedure. 
 
Tips and Tricks 
When performing cardiac catheterization, implementing certain tips and tricks can significantly 
enhance the procedure's efficacy and minimize risks. 

- Selecting the optimal insertion site: such as the femoral or radial artery—based on patient 
anatomy and clinical needs is crucial. Utilizing imaging techniques like fluoroscopy or 
ultrasound aids in precise site selection and catheter navigation. 

- Ensuring equipment readiness is fundamental. Thoroughly inspect catheters and other 
tools for defects or contamination before use. Employing stringent sterilization practices 
and maintaining a sterile field throughout the procedure help reduce infection risks.  

- Adjusting anesthesia and sedation: to match patient requirements promotes comfort 
while minimizing adverse effects. Continuous monitoring of vital signs during the 
procedure allows for early detection of any abnormalities or complications.  

- Fine-tuning injection rates and volumes is important, especially when administering 
contrast agents or fluids, to prevent adverse cardiovascular reactions. In cases of difficulty, 
employing techniques such as gentle catheter manipulation or adjusting the catheter's 
trajectory can resolve challenges. 

- ongoing training and staying updated: with the latest advancements in cardiac 
catheterization techniques ensure that practitioners are equipped with the most current 
knowledge and skills. By integrating these practices, the accuracy of cardiac catheterization 
can be enhanced, leading to improved patient outcomes and safety. 

Future Developments in Cardiac Catheterization 
The field of cardiac catheterization is poised for significant advancements that promise to enhance 
diagnostic accuracy and therapeutic efficacy. One of the most promising developments is the 
integration of advanced imaging technologies. Innovations such as high-resolution 3D imaging 
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and real-time MRI integration are expected to provide more detailed and accurate visualization of 
cardiac structures, improving the precision of catheter placement and intervention [27]. Another 
area of growth is the use of robotic-assisted catheterization. Robotic systems offer enhanced 
dexterity and control, allowing for more precise navigation and manipulation of catheters within 
the cardiovascular system. This technology not only improves procedural accuracy but also 
reduces the physical strain on operators and can potentially decrease patient radiation exposure. 
Artificial Intelligence (AI) and machine learning are increasingly being integrated into cardiac 
catheterization procedures. AI algorithms can assist in analyzing imaging data, predicting potential 
complications, and personalizing treatment plans based on patient-specific characteristics. This 
can lead to more tailored interventions and improved patient outcomes. Minimally invasive 
techniques are also evolving, with the development of new catheter designs that are less invasive 
and more effective. Innovations such as smaller, flexible catheters and advanced materials that 
reduce the risk of complications and improve patient comfort are on the horizon [28]. 
Biodegradable and smart stents represent another exciting advancement. These devices can 
dissolve over time or respond to environmental stimuli to release medication as needed, providing 
targeted treatment while reducing the need for long-term implantation. Lastly, the field is seeing 
advancements in remote monitoring and telemedicine. Technologies that allow for real-time 
remote monitoring of patients and post-procedural follow-up can enhance patient care and enable 
early intervention if complications arise. These future developments in cardiac catheterization are 
set to refine the procedures, enhance safety, and improve overall patient outcomes by leveraging 
cutting-edge technologies and innovative approaches [29]. 
 
Conclusion 
Cardiac catheterization has profoundly transformed the management of cardiovascular diseases, 
providing invaluable diagnostic and therapeutic capabilities. The evolution of this technique, from 
its pioneering beginnings to its current advanced state, underscores its critical role in modern 
medicine. By focusing on the meticulous selection of equipment, precise procedural techniques, 
and proactive management of complications, healthcare providers can significantly enhance the 
effectiveness and safety of cardiac catheterization. The integration of cutting-edge technologies 
and innovations, such as advanced imaging modalities and robotic assistance, holds promise for 
further improving procedural accuracy and patient outcomes. Ongoing education and adaptation 
to these advancements will be essential for practitioners to navigate the complexities of cardiac 
catheterization and ensure optimal care for patients. The continued exploration of new 
technologies and techniques will likely drive the next wave of improvements in this vital field. 
 
References 

1. Dangas, George D., et al., eds. Interventional cardiology: principles and practice. John 
Wiley & Sons, 2022. 



CARDIAC CATHETERIZATION: "TIPS, TRICKS AND FUTURE DEVELOPMENTS" 

1932 
 
 
 

Volume 23,Issue 02,  2023 
 
 

2. Iliescu, Cezar A., et al. "SCAI expert consensus statement: evaluation, management, and 
special considerations of cardio‐oncology patients in the cardiac catheterization laboratory 
(Endorsed by the Cardiological Society of India, and Sociedad Latino Americana de 
Cardiologıa Intervencionista)." Catheterization and cardiovascular interventions 87.5 
(2016): E202-E223. 

3. Yates, Maria, and Duraisamy Balaguru. "Preparation for Cardiac Catheterization." Cardiac 
Catheterization and Imaging (From Pediatrics to Geriatrics) (2015): 52. 

4. Provost, Carol, Jaime Tisnado, and Christine Craft. "8 The Role of the Interventional 
Radiology Technologist." Interventional Radiology in Trauma Management (2015): 72. 

5. Ellis, Margaret K. Menzel, Neal S. Gerstein, and Peter M. Schulman. "Vascular 
access." Anesthesia: Essential Clinical Updates for Practitioners–Regional, Ultrasound, 
Coagulation, Obstetrics, and Pediatrics 1 (2018): 80-119. 

6. Sorajja, Paul, Michael J. Lim, and Morton J. Kern. Cardiac Catheterization Handbook E-
Book. Elsevier Health Sciences, 2021. 

7. Leitz, Knut H., and Gerhard Ziemer. "The history of cardiac surgery." Cardiac Surgery: 
Operations on the Heart and Great Vessels in Adults and Children (2017): 3-31. 

8. Jauhar, Sandeep. Heart: a history: shortlisted for the Wellcome Book Prize 2019. Simon 
and Schuster, 2018. 

9. Kim, Jina, et al. "Functional optical coherence tomography: principles and 
progress." Physics in Medicine & Biology 60.10 (2015): R211. 

10. Mitchell, Andrew, Giovanni Luigi De Maria, and Adrian Banning, eds. Cardiac 
catheterization and coronary intervention. Oxford University Press, USA, 2020. 

11. Malakar, Arup Kr, et al. "A review on coronary artery disease, its risk factors, and 
therapeutics." Journal of cellular physiology 234.10 (2019): 16812-16823. 

12. Ullah, Inaam. Plasma lipoproteins and coronary artery disease (PLACARD STUDY). Diss. 
UNSW Sydney, 2021. 

13. Prendergast, Bernard D., et al. "Transcatheter heart valve interventions: where are we? 
Where are we going?." European heart journal 40.5 (2019): 422-440. 

14. Rigatelli, Gianluca, and Marco Zuin. "Differences and similarities in interatrial shunts 
management." European Journal of Internal Medicine (2023). 

15. Troianos CA, Hartman GS, Glas KE, et al. Guidelines for performing ultrasound guided 
vascular cannulation: recommendations of the American Society of Echocardiography and 
the Society of Cardiovascular Anesthesiologists. J Am Soc Echocardiogr 2011;24:1291-
318. 

16. Gordon AC, Saliken JC, Johns D, Owen R, Gray RR. US-guided puncture of the internal 
jugular vein: complications and anatomic considerations. J Vasc Interv Radiol 1998;9:333-
8. 



CARDIAC CATHETERIZATION: "TIPS, TRICKS AND FUTURE DEVELOPMENTS" 

1933 
 
 
 

Volume 23,Issue 02,  2023 
 
 

17. .Shah S, Boyd G, Pyne CT, et al. Right heart catheterization using antecubital venous 
access: feasibility, safety and adoption rate in a tertiary center. Catheter Cardiovasc Interv 
2014;84:70-4. 

18. Lo TS, Buch AN, Hall IR, Hildick-Smith DJ, Nolan J. Percutaneous left and right heart 
catheterization in fully anticoagulated patients utilizing the radial artery and forearm vein: 
a two-center experience. J Interv Cardiol 2006;19:258-63. 

19. Galiè N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS Guidelines for the diagnosis and 
treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and 
Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and 
the European Respiratory Society (ERS): Endorsed by: Association for European 
Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung 
Transplantation (ISHLT). Eur Heart J 2016;37:67–119. 

20. Syvolap, V. D., and D. A. Lashkul. "Cardiology: training manual." (2019). 
21. Kubiak, Grzegorz M., et al. "Right heart catheterization—Background, physiological 

basics, and clinical implications." Journal of clinical medicine 8.9 (2019): 1331. 
22. Hartmann, Ieneke JC, and Nicholas J. Screaton. "Pulmonary circulation and pulmonary 

thromboembolism." Grainger & Allison's Diagnostic Radiology, 2 Volume Set E-
Book (2020): 397. 

23. Bootsma, I T et al. “The contemporary pulmonary artery catheter. Part 1: placement and 
waveform analysis.” Journal of clinical monitoring and computing vol. 36,1 (2022): 5-15. 
doi:10.1007/s10877-021-00662-8 

24. Hassan, Waqar Ul. Fluid mechanics of thermodilution in coronary arteries. Diss. 
University of Glasgow, 2017. 

25. HandWiki. Pulmonary Artery Catheter. Encyclopedia. Available online: 
https://encyclopedia.pub/entry/36312 (accessed on 21 August 2024). 

26. Lee, Ko Eun et al. “Complications of Cardiac Catheterization in Structural Heart Disease.” 
Korean circulation journal vol. 46,2 (2016): 246-55. doi:10.4070/kcj.2016.46.2.246 

27. Shariati, Laleh, et al. "Nanobased platform advances in cardiovascular diseases: Early 
diagnosis, imaging, treatment, and tissue engineering." Environmental Research (2023): 
116933. 

28. Gala, Dhir et al. “The Role of Artificial Intelligence in Improving Patient Outcomes and 
Future of Healthcare Delivery in Cardiology: A Narrative Review of the Literature.” 
Healthcare (Basel, Switzerland) vol. 12,4 481. 16 Feb. 2024, 
doi:10.3390/healthcare12040481 

29. Shen, Yihong et al. “Development of Biodegradable Polymeric Stents for the Treatment of 
Cardiovascular Diseases.” Biomolecules vol. 12,9 1245. 6 Sep. 2022, 
doi:10.3390/biom12091245 

 


