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Introduction

Extreme endurance workouts have gained immense popularity in recent years, with marathon running being one of the most demanding and iconic forms
of such exercise. Marathon runners push their bodies to the limit, covering 26.2 miles (42.195 kilometers) in a single race. While the physical and mental
challenges of marathon running are well-documented, there is growing concern about the potential impact of extreme endurance workouts on cardiac
health, particularly cardiac fatigue among marathon runners. This article delves into the world of extreme endurance workouts, explores the physiological
demands of marathon running, and examines the current research on cardiac fatigue in marathon runners.*

I. The Physiology of Marathon Running

A. Energy Demands

Marathon running requires a significant amount of energy, with runners burning an average of 2,600 to 3,500 calories during a race. The energy demands
are met primarily through the aerobic system, which relies on oxygen to produce adenosine triphosphate (ATP) for muscle contraction. This prolonged
aerobic effort places immense stress on the cardiovascular and respiratory systems, as they must continuously supply oxygen to working muscles.

B. Cardiac Adaptations

Marathon training induces several physiological adaptations in the heart. These adaptations are aimed at improving cardiac output and oxygen delivery
to muscles during prolonged exercise. Some of the key adaptations include:

1. Cardiac Hypertrophy: Regular endurance training results in an increase in left ventricular mass, primarily due to enlargement of the left
ventricle's chamber size. This allows for greater stroke volume and, consequently, a higher cardiac output.

2. Bradycardia: Endurance athletes often exhibit a lower resting heart rate (bradycardia) due to increased stroke volume. This helps in conserving
energy during rest and reduces cardiac workload.

3 Enhanced Stroke VVolume: Marathon runners have a more substantial stroke volume, which allows for a higher amount of blood to be pumped
with each heartbeat. This is crucial for sustaining prolonged exercise.?

11. Extreme Endurance Workouts: Preparing for a Marathon

A. Training Phases
Marathon training typically consists of several phases, each designed to build endurance, strength, and speed:
1.  Base Building: Runners start with lower-intensity, high-volume runs to develop aerobic capacity.
2. Speed and Strength Training: This phase incorporates interval training, hill runs, and strength exercises to improve overall performance.

3 Tapering: In the weeks leading up to the marathon, runners reduce their training volume to allow for recovery and peak performance on race
day.?
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B. Dietary Considerations

Nutrition plays a crucial role in marathon training. Runners must consume enough calories to support their energy expenditure, maintain proper hydration,
and replenish lost electrolytes. Proper nutrition can help prevent cardiac fatigue by ensuring the body has the necessary resources to support prolonged
exertion.

111. Cardiac Fatigue in Marathon Runners

A. What Is Cardiac Fatigue?

Cardiac fatigue refers to a temporary decline in the heart's ability to maintain its normal pumping capacity. It can occur during prolonged, intense exercise
like marathon running. While cardiac fatigue is generally reversible and transient, it can raise concerns about the potential long-term effects on the heart.*

B. Factors Contributing to Cardiac Fatigue

Several factors may contribute to cardiac fatigue in marathon runners:
1.  Dehydration: Excessive fluid loss during a marathon can lead to dehydration, reducing blood volume and potentially affecting cardiac output.
2. Electrolyte Imbalances: Depletion of essential electrolytes like sodium and potassium can disrupt cardiac rhythm and function.

3. Increased Myocardial Stress: The prolonged high cardiac output during a marathon can strain the heart muscle and lead to temporary
dysfunction.

4. Accumulation of Metabolic Waste: The buildup of metabolic waste products, such as lactic acid, can affect the heart's ability to pump
efficiently.®

C. Symptoms and Consequences

Cardiac fatigue during a marathon may manifest as symptoms such as dizziness, lightheadedness, chest pain, or palpitations. While these symptoms are
usually reversible and resolve with rest, severe cases can lead to more significant cardiac issues, such as arrhythmias or myocardial damage.®

IV. Mitigating Cardiac Fatigue Risks

A. Proper Hydration

Maintaining proper hydration is crucial for preventing cardiac fatigue. Runners should drink enough fluids before, during, and after the race to replace
sweat losses and maintain blood volume.”

B. Electrolyte Balance

Runners should consume electrolyte-rich fluids or supplements to prevent imbalances. Ensuring an adequate intake of sodium and potassium can help
maintain proper cardiac function.®

C. Gradual Progression

Marathon training should follow a gradual progression to allow the body to adapt to increasing levels of stress. Rushing into intense training without
adequate preparation can increase the risk of cardiac fatigue®

D. Monitoring Heart Health

Marathon runners should undergo regular medical check-ups to monitor their heart health. Electrocardiograms (ECGs) and echocardiograms can help
detect any abnormalities and assess cardiac function.™®

V. The Role of Genetics

While proper training and preparation can mitigate the risk of cardiac fatigue, there is a genetic component to cardiac health. Some individuals may be
more predisposed to cardiac issues, and genetic testing can provide valuable insights into one's risk factors.*

V1. Conclusion

Extreme endurance workouts, such as marathon running, pose significant physiological challenges to the cardiovascular system. Cardiac fatigue is a
potential concern, but it is generally transient and reversible with proper hydration, nutrition, and training. Marathon runners should be aware of the risks
and take steps to mitigate them, including seeking medical advice and monitoring their heart health. Ultimately, with the right preparation and precautions,
marathon running can be a rewarding and safe endeavor for those who aspire to tackle this extreme endurance challenge.



International Journal of Research Publication and Reviews, Vol 5, no 1, pp 2274-2276 January 2024 2276

Reference

1. Douglas PS, O'Toole ML, Hiller WD, Hackney K, Reichek N. Cardiac fatigue after prolonged exercise. Circulation. (1987) 76:1206-13. doi:
10.1161/01.CIR.76.6.1206

2. Goodman JM, McLaughlin PR, Liu PP. Left ventricular performance during prolonged exercise: absence of systolic dysfunction. Clin Sci (Lond).
(2001) 100:529-37. doi: 10.1042/CS20000161

3. Neilan TG, Yoerger DM, Douglas PS, Marshall JE, Halpern EF, Lawlor D, et al. Persistent and reversible cardiac dysfunction among amateur marathon
runners. Eur Heart J. (2006) 27:1079-84. doi: 10.1093/eurheartj/ehi813

4. La Gerche A, Burns AT, Mooney DJ, Inder WJ, Taylor AJ, Bogaert J, et al. Exercise-induced right ventricular dysfunction and structural remodelling
in endurance athletes. Eur Heart J. (2012) 33:998-1006. doi: 10.1093/eurheartj/ehr397

5. Oxborough D, Birch K, Shave R, George K. Exercise-induced cardiac fatigue-A review of the echocardiographic literature. Echocardiography. (2010)
27:1130-40. doi: 10.1111/j.1540-8175.2010.01251.x

6. Karlsen S, Dahlslett T, Grenne B, Sjgli B, Smiseth O, Edvardsen T, et al. Global longitudinal strain is a more reproducible measure of left ventricular
function than ejection fraction regardless of echocardiographic training. Cardiovasc Ultrasound. (2019) 17:1-12. doi: 10.1186/s12947-019-0168-9

7. Potter E, Marwick TH. Assessment of left ventricular function by echocardiography: the case for routinely adding global longitudinal strain to ejection
fraction. JACC Cardiovasc Imaging. (2018) 11:260-74. doi: 10.1016/j.jcmg.2017.11.017

8. La Gerche A, Connelly KA, Mooney DJ, Maclsaac Al, Prior DL. Biochemical and functional abnormalities of left and right ventricular function after
ultra-endurance exercise. Heart. (2008) 94:860-6. doi: 10.1136/hrt.2006.101063

9. Vitiello D, Cassirame J, Menetrier A, Rupp T, Schuster I, Reboul C, et al. Depressed systolic function after a prolonged and strenuous exercise. Med
Sci Sports Exerc. (2013) 45:2072-9. doi: 10.1249/MSS.0b013e318298a585

10. Lord R, George K, Somauroo J, Stembridge M, Jain N, Hoffman MD, et al. Alterations in cardiac mechanics following ultra-endurance exercise:
insights from left and right ventricular area-deformation loops. J Am Soc Echocardiogr. (2016) 29:879-87. doi: 10.1016/j.ech0.2016.05.004

11. Kleinnibbelink G, van Dijk APJ, Fornasiero A, Speretta GF, Johnson C, Hopman MTE, et al. Exercise-Induced cardiac fatigue after a 45-min bout
of high-intensity running exercise is not altered under hypoxia. J Am Soc Echocardiogr. (2021) 21:3. doi: 10.1016/j.echo.2020.12.003



