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Question: What are the cardiovascular changes associated with SCUBA diving?

The sport of SCUBA diving exposes participants to a variety of stresses that are not normally encountered in other sports.  These challenges include increased ambient pressure, raised partial pressure of O2, increased resistance to movement, added weight and drag of diving equipment, cold stress and a higher breathing resistance (Doubt, 1996).  The body adapts to these stresses through both cardiovascular changes and respiratory changes to minimize the harmful effects.  The cardiovascular adaptations of recreational divers during the descent and the submersion period will be addressed.

The different stresses imposed on a diver can cause opposing effects on heart rate.  Bradycardia, a slowing of the heart rate, is often observed in both humans and diving animals (Foster & Sheel, 2005).  The heart rate can drop to 20-30 b.p.m due to an increase in cardiac parasympathetic innervation while diving.   In order to provide adequate perfusion of the brain and the heart, there is an increase in the activity of sympathetic innervation to the peripheral vasculature for the vasoconstriction of vessels providing non-essential organs of the body.  At the same time, there is an increase in carotid artery blood flow for cerebral circulation through a decrease in sympathetic innervation in that area (Foster & Sheel, 2005).  The increase in peripheral resistance leads to a decrease in cardiac output, which is generated by a decrease in heart rate.  The stimulation of facial cold receptors by cold water also contributes to bradycardia, as shown by studies that demonstrated that apnea with face immersion in cold water results in a 25% reduction in heart rate while apnea in dry air results in only a 10% reduction (Foster & Sheel, 2005).  In addition, as a diver descends, the PO2 increases due to an increase in atmospheric pressure, which has also been shown to decrease heart rate at rest and during submaximal exercise.  This phenomenon is known as hyperbaric bradycardia (Doubt, 1996).  However, SCUBA diving requires a large amount of energy to swim against high resistance.  Often, heart rate is higher during exercise performed in submerged conditions than in dry conditions because the muscles of the body need to work harder and therefore consume more oxygen.  During exercise on dry land, cardiac output and heart rate increase to provide the muscles with nutrients and oxygen.  Since exercise under water takes more work, it is logical to assume that heart rate and cardiac output would also increase.  Doubt and colleagues report that the relationship of heart rate to workload is higher in submerged conditions (1996).  Prolonged submersion results in dehydration and immersion diuresis, which increase the heart rate.  In addition, the energy cost of using SCUBA equipment plays a role in tachycardia (Doubt, 1996). Yet, despite the increase in heart rate expected in performing exercise under submerged conditions, the requirement to keep the brain and heart oxygenated through vasoconstriction of peripheral vasculature plays a bigger role, accounting for the bradycardia observed in most divers.

Due to the vasoconstriction of vessels in the periphery, cardiac output also changes.  The increase in resistance in the vessels leads to a reduced blood flow.  At steady state, since the systemic blood flow should equal the cardiac output, one would expect a reduced cardiac output (Foster & Sheel, 2005).  However, it was also noted by studies done by Arborelius and Shilling that immersion in water to the neck produces a “gravity free state” that decreases blood pooling in the periphery, which is further reduced by an increase in vascular resistance.  The increase in venous return results in a larger preload that would increase stroke volume and thus cardiac output. To accommodate the increase in cardiac output, systemic vascular resistance decreases slightly (Mukerji, 2000).  Despite these studies, observations of divers show that the cardiac output actually decreases.  The reason for the observed decrease is that since vasoconstriction severely reduces blood flow to the periphery during a dive, there wouldn’t be much venous return even though there is a decrease in the amount of blood pooling.  Therefore, the effect of an increase in preload would be minimal.
The increase in peripheral resistance also provides an increase in afterload that leads to high arterial blood pressure that the baroreceptor reflex cannot control (Foster & Sheel, 2005).  Under normal circumstances, the increase in blood pressure is sensed by the baroreceptors, which leads to a decrease in sympathetic innervation and an increase in parasympathetic innervation.  Although, there is an increase in cardiac parasympathetic innervation seen in divers, the activity of the sympathetic system cannot be reduced because the body must restrict flow to nonessential organs to keep the brain and heart perfused during diving.  Therefore, the blood pressure remains elevated.  Arterial blood pressure can increase to values as high as 280/200 mm Hg (Foster & Sheel, 2005).

A study conducted by Mukerji and colleagues show that right ventricular internal dimension (RVID) (size of the wall of the right ventricle) is larger in divers than in nondiver controls (2000).  Divers experience respiratory resistance when breathing through a regulator as well as changes in intrathoracic pressures that lead to a  rise in pulmonary arterial pressure. In addition, the increase in preload, seen in the studies of Arborelius and Shilling, due to decreases in peripheral blood pooling causes right atrial pressure to increase as well as pulmonary artery pressure.  Since the right ventricle pumps blood to the pulmonary circulation, the increase in pulmonary pressure leads to added stress of the right ventricle that could cause the right ventricle to increase in size.  However, these changes are often only temporary (Mukerji, 2000).

Divers experience a number of stresses when participating in SCUBA diving that could have opposing effects on cardiovascular parameters, such as heart rate, cardiac output and arterial blood pressure.  However, the most consistent responses seen with divers are bradycardia, reduced cardiac output and high blood pressure.  Although, the extreme values observed for these parameters during diving are incompatible with life on dry land, the diving gear and safety practices make SCUBA diving a safe sport.
References

Doubt, Thomas.  “Cardiovascular and thermal responses to SCUBA diving.”  Medicine & 

Science in Sports & Exercise.  1996; 28: 581-586.
Foster, G.E. and A.W. Sheel.  “The human diving response, its function, and its control.”  
Scandinavian Journal of Medicine & Science in Sports.”  2005; 15: 3-12.

Mukerji, Basanti et. al.  “Right Ventricular Alterations in SCUBA Divers.”  Southern Medical 

Journal.  2000; 93 (7): 673-676.
