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Hypertension, Left Ventricular 
Hypertrophy and Sudden Cardiac 

Death in Scuba Diving
By Petar J. Denoble, MD, DSc

Introduction
Cardiac disease is associated with 20-30% of fatalities 
amongst recreational divers.15, 39 In most cases the 
scenario of death fits the description of sudden cardiac 
death (SCD)20, 21 which is also one of the most common 
causes of death in the general population.50 The most 
common risk factors for SCD are atherosclerosis and 
structural heart changes which increase with age, but 
most cases occur in apparently healthy people and  
those classified as low risk.73 Health requirements for 
diving used by most agencies exclude subjects with 
severe heart disease.45 However, the average age of 
divers is increasing and thus the prevalence of marginal 
and undetected cardiovascular diseases may contribute 
to an increased incidence of scuba diving fatalities  
in the future.17 To stratify risks among scuba divers and 
to establish targets for possible preventive interventions, 
in the absence of severe cardiovascular disease, other 
markers are necessary.27 Left ventricular hypertrophy 
(LVH), which is an independent risk factor for SCD, may 
be such a marker. LVH is associated with hypertension 
but it may be present in apparently healthy people or in 
subjects with borderline hypertension.53,68 In this article 
we will consider causal relationship of hypertension, LVH 
with SCD, their prevalence in the population studied, 
prevention in the general population, and possible 
preventive strategies to reduce SCD in diving.

Definition of  
Sudden Cardiac Death

Sudden cardiac death describes the unexpected natural 
death from a cardiac cause within a short time period, 
generally <1 hour from the onset of symptoms, in a person 
without any prior condition that would appear fatal.74 

According to The International Classification of Diseases, 
tenth Revision (ICD-10) this includes death due to 
any cardiac disease that occurs out of hospital, in an 
emergency department, or in an individual reported dead 
on arrival at a hospital. Some definitions also include a 
death that was unwitnessed and unexpected, unless a 
specific noncardiac cause of death was confirmed.13 

In scuba diving, SCD is suspected in victims who in 
some cases go unconscious after indicating feeling 
suddenly ill, but in some cases without obvious or 
protracted struggle.21  SCD can occur without obvious 
external triggers16 or after exertion,38  while at depth, at 
the surface or upon exiting the water, or in the absence 
of evidence of specific diving injuries or other causes of 
death.9 Victims may or may not have a history of cardiac 
disease. Post-mortem evidence of myocardial infarction, 
excessive atherosclerotic changes, or other structural 
changes may or may not be present.20, 22, 54 

Causes and Mechanisms 
of SCD

Structural or coronary heart disease is by far the most 
common cause of sudden cardiac arrest.40, 47 In 60% to 
80% of cases, the underlying condition is coronary artery 
disease but in many cases SCD may be its first clinical 
manifestation.18  Nonischemic cardiomyopathy and infiltra-
tive, inflammatory, and acquired valvular diseases account 
for most other SCD events. A small percentage of SCDs 
occur without overt heart disease due to inherited primary 
electric abnormalities long/short QT syndromes,1 Brugada 
syndrome, and catecholaminergic ventricular tachycardia. 
Other causes include metabolic imbalance, hyperkalemia/
hypokalemia, hypocalcemia, hypomagnesemia, acidosis, 
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drug overdose, concealed structural changes, arrhythmo-
genic right ventricular cardiomyopathy, myocarditis, coro-
nary spasm, sarcoidosis,52   and rare non-cardiac causes.

SCD can manifest as ventricular tachycardia (VT), 
ventricular fibrillation (VF), pulseless electrical activity 
(PEA), or asystole.24 The most common mechanism of SCD 
is ventricular tachycardia, which proceeds to ventricular 
fibrillation and asystole. The most common recorded 
rhythm at the time of sudden cardiac arrest is VF  75% to 
80%   followed by bradyarrhythmias  15–20%, including 
advanced atrio-ventricular  AV  block and asystole.72  In 
ambulatory patients who had SCD while undergoing Holter 
recording, 62.4% had VF, 16.5% had bradyarrhythmias, 
12.7% had torsades de pointes, and 8.3% had primary 
VT.4  Over the last few decades the fraction of SCD due 
to VF is decreasing while the percentage of pulseless 
electrical activity  PEA  or asystole is increasing.13 

 
Factors known to trigger or modulate VT/VF include 
changes in autonomic nervous system activity, 
metabolic disturbances, myocardial ischemia, electrolyte 
abnormalities, acute volume and/or pressure overload 
of the ventricles, ion channel abnormalities, and 
proarrhythmic actions of cardiac and noncardiac drugs.26  
Exercise may increase risk of SCD, but the relative 
numbers of SCD associated with exercise are small.67 
 

Incidence of SCD and Risk 
Factors 

Depending on the definition of SCD, its estimated 
incidence in the U.S. varies between 180,000 to 400,000 
people. It is increasing with age from 20/100,000 in 
white men between ages 32 to 36, to 800/100,000 in 
white men between ages 72-76. The incidence is greater 
in African Americans of all age groups.24,35,41  SCD occurs 
at home,49  in public places, at rest, and during physical 
activities like swimming,11, 65  jogging,58, 69 etc.
 
In scuba diving, the overall incidence of sudden 
cardiac death is 5/100,000 and increases with age to 
29/100,000.17  In comparison to the incidence in the 
general population, this seems very small. However, 
scuba fatality rates were derived from a subpopulation 
of divers who did in average 25 dives per year adding 
up to 25 hours or approximately one day of cumulative 
exposure in comparison to the incidence in the general 
population calculated for 365 days.
 
Risk of SCD is increased in subjects with cardiac diseases, 
especially in post myocardial infarction patients with 
ejection fraction less than 30%. Patients with established 

disease usually do not participate in diving and it does 
not help to list clinical and diagnostic findings associated 
with their increased risk of SCD.  What is of greatest 
interest for divers is that the largest number of SCD 
occurs in apparently healthy subjects or those considered 
at marginal risk26, 73 and there are not reliable predictors 
that could be used in this subpopulation besides the 
common cardiac heart disease risk factors.24, 41  Additional 
risk factors that can be valuated non-invasively include 
left ventricular hypertrophy (LVH),3, 28  QTc prolongation,12, 

64 diabetes mellitus,31 elevated resting heart rate,32  and 
autonomic nervous dysfunction.5  These risk markers 
may prove useful when trying to risk stratify scuba divers.

Left Ventricular Hypertrophy 
(LVH)

LVH is an independent risk for overall cardiac mortality 
and sudden cardiac death.28,63,66 It develops in 
response to hemodynamic pressure overload, like in 
hypertension and aortic stenosis, or volume overload 
like in chronic aortic regurgitation, mitral regurgitation or 
anemia.8,42,44,70,71  Pressure overload stimulates addition 
of sarcomeres, increase in myocytes width resulting in 
increased wall thickness and an increase in the ratio of 
wall thickness versus chamber dimensions. This type of 
LVH is called concentric hypertrophy. Volume overload 
causes lengthening of myocytes and increase in chamber 
dimensions while the ratio wall/chamber dimension 
decreases. This form is called eccentric hypertrophy.42 

LVH can be established based on measurements of 
the left ventricular mass (LVM), left ventricular volume, 
thickness of the left ventricular posterior wall (LVW) 
or interventricular wall (IVW). LVM and LVW thickness 
increase with body weight, obesity,2  valvular heart 
disease, chronic elevations in systolic blood pressure,8  
history of cardiovascular disease, male gender,14  smoking, 
and diabetes.23  Increases in left ventricular mass is 
also associated with ageing (due to reduced arterial 
elasticity), and in the Framingham study was seen in 
women more than men.37 However, when indexed by body 
weight, body height or body surface area, left ventricular 
wall thickness does not change much throughout life and 
is similar in men and women.33 LVW increases with age 
even in healthy subjects with blood pressures less than 
140mmHg/90mmHg (current diagnostic threshold for 
hypertension), and the rate of increase is proportional 
to systolic pressure, where those with higher systolic 
pressures will have a greater lifetime risk and faster 
progression of LVH.25

The prevalence of LVH is associated with the prevalence 
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of cardiac disease in the studied population and is 
influenced by how LVH is defined and measured (note 
the differences below between the parameters used by 
Framingham and Trömse). Based on the criteria of left 
ventricular mass >143gm-1 in men and >102gm-1 in 
women, the Framingham Heart Study’s published LVH 
prevalence was 19% in men and 24% in women.37 The 
Trömse Study included subjects between the ages of 
25-85 years and defined LVH in individuals with a left 
ventricular mass per height > 145.5gm-1 for men and > 
125.4gm-1 for women. In this population the prevalence 
of LVH was 14.9% in males and 9.1% in females.60

 
Whether the prevalence of LVH among recreational 
scuba divers is equivalent to the general population, as 
described by either of these studies, is currently unknown. 

Mechanisms of 
Arrhythmogenesis and Diastolic 

Dysfunction in LVH
The arrhythmogenic propensity associated with LVH is 
related to the hypertrophy of myocytes and the degree 
of myocardial fibrosis, i.e. an increase in extracellular 
matrix  ECM  of proteins.7  The ECM separates adjacent 
myocytes and causes their uncoupling which may 
slow down electrical propagation, create condition for 
reentry ventricular tachycardia, and result in suboptimal 
contraction force.42  Risk of SCD increases with the degree 
of LVH.66  However, any degree of LVH is detrimental 
for the left ventricular function which deteriorates left 
ventricular systolic dysfunction (LVSD) and over time may 
lead to heart failure. This is not true for exercise caused 
hypertrophy which is related primarily to the increase in 
myocyte mass not accompanied by interstitial fibrosis.61

 
LVSD and LVH independently increase SCD risk (OR 1.9, 
95% CI 1.1 – 3.2 for severe LVSD; OR 1.8, 95% CI 1.1 – 
2.9 for LVH). When present together, the risks of LVSD 
and LVH for SCD add up (OR 3.5, 95% CI 1.7 – 7.2).55

 
LVH has been associated with both ventricular 
and supraventricular arrhythmias. Patients with 
electrocardiographic evidence of LVH have a higher 
prevalence and greater complexity of ventricular premature 
beats and more serious arrhythmias than patients without 
LVH or normotensive subjects.40,43  The frequency and 
complexity of ventricular premature beats (VPBs)  is 
related to the severity of LVH as well as chamber volume 
and indices of left ventricular contractility. For every 1 mm 
increase in wall thickness, there was a two to three fold 
increase in the occurrence and complexity of VPBs.59, 63 
 In addition to the occurrence of spontaneous ventricular 
arrhythmia, LVH is associated with an increased ability to 

induce sustained ventricular tachyarrhythmia, particularly 
in association with myocardial ischemia, supraventricular 
tachycardia, and atrial fibrillation.59,63  

High Blood Pressure (HBP)/
Hypertension 

Hypertension is a chronic condition that affects over 50 
million people in the USA and increases in prevalence 
with age.10  It is an independent risk factor for heart 
disease and stroke. Hypertension increases pre-load 
and vascular resistance which forces the heart to work 
harder to maintain cardiac output and minute volume. It 
is the most prevalent stimulus for development of LVH. 
Mechanical stimulation is transduced via redundant 
signaling pathways including integrin, angiotensin II, 
calcineurin, among others, into growth of myocytes and 
disproportionate growth of nonmyocyte cells. Improving 
our knowledge of these pathways may enable better 
therapy of hypertension and regression of LVH. Animal 
studies indicate that, regarding this objective, there are 
three classes of anti-hypertensive drugs: a) drugs with 
no effects on LVH and fibrosis (direct vasodilators); b) 
drugs with clear effects on LVH, i.e. myocytes regression  
diuretics, α- and β-adrenergic receptor antagonists; and 
c) agents with proven effects on regression of LVH and 
fibrosis  angiotensin-converting enzyme (ACE  inhibitors, 
AT1 receptor antagonists, Ca2+ - channel-blockers, and 
centrally acting adrenergic agents).7 

 
These findings have been confirmed in human trials 
which demonstrate that LVH may resolve with treatment. 
A 2003 meta-analysis showed that angiotensin II receptor 
blockers (ARBs) were the most efficient class of agents 
for reducing the left ventricular mass. ARBs decreased 
the LVM by 13%, followed by calcium-channel blockers 
at 11%, ACE inhibitors at 10%, diuretics at 8%, and beta-
blockers at 6%. In pairwise comparison, ARBs, calcium 
channel blockers, and ACE inhibitors were all significantly 
more effective in reducing the left ventricular mass than 
beta-blockers.34 

Despite all advances in knowledge about hypertension, 
damage it causes and treatment options, approximately 
30% of adults are still unaware of their hypertension, >40% 
of individuals with hypertension are not on treatment, and 
two-thirds of hypertensive patients are not being controlled 
to BP levels <140/90 mmHg.56 Data about the prevalence 
of hypertension among scuba divers and their awareness 
and compliance with treatment are not available. 
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Effects of Diving on 
Cardiac Functions and 

Arrhythmogenecity
Diving involves immersion, breathing under pressure, 
hyperoxia, thermal effects, and psychic stress, all of which 
affect cardiovascular function. Immersion exposes the 
body to a pressure gradient which varies depending on 
the position of the body in the water column. Immersion 
while vertical causes blood pooling in the thoracic area, 
increased filling pressure of the heart, increased heart 
volumes, increase in pulmonary artery pressure, and 
systemic arterial pressure.36, 57 Vasoconstriction in cold 
water and hyperoxia add to these effects regardless of 
body position and also increases afterload. Adaptations 
in healthy subjects include increased stroke volume and 
slower heart rate, with homeostasis established quickly 
after immersion. Subjects with cardiovascular disease 
or excessive vasoconstriction in response to cold and 
hyperoxia, may develop heart failure and immersion 
pulmonary edema due to increased preload and systemic 
vasoconstriction.6,29,62  

Effects of immersion on autonomic control of the 
cardiovascular system depend on water temperature. 
During thermo-neutral head-out water immersion, 
sympathetic activity  both cardiac and vascular  is 
decreased and cardiac parasympathetic activity 
predominates. In contrast, immersion in slightly cold 
water elicits sympathetic vascular and parasympathetic 
cardiac hyperactivity.48, 46  Autonomic dysfunction often 
presents in older subjects and in diabetics and may 
increase risk for arrhythmia.30  

While diving may provide an extensive list of possible 
triggers of arrhythmias, they are rare in healthy subjects. 
Subjects with impaired cardiac function, the substrate 
with the highest risk for SCD, are disqualified from 
diving. However, subjects with hypertension, LVH, mild 
cardiac dysfunction, diabetes and mild to extensive 
atherosclerotic changes may be quite common among 
divers since there are no screening requirements for 
asymptomatic divers.
 
Possible effects of immersion and hyperoxia on cardiac 
functions in healthy subjects have shown small negative 
reversible effects 51  but effected divers with risk markers 
for SCD have not been systematically studied. Possible 
effects of diving on arrhythmogenic propensity of LVH 
have not been studied.

Prevention of SCD in 
Scuba Divers

The existing health requirements for recreational 
scuba divers are intended to exclude subjects with 
overt cardiac disease and those at high risk for SCD.45  
Maximal preventive impact will occur when asymptomatic 
individuals or those with mild disease like hypertension, 
LVH and early diabetes can undergo reliable screening for 
SCD markers within reasonable cost/benefit parameters. 
If the incidence of SCD in diving is similar to the incidence 
in the general population, general preventive strategies 
in reducing cardiovascular risks which have proven 
successful may suffice in scuba diving too.19  However, 
if triggers encountered in diving additionally increase 
the risk of SCD, which may be the case,17 additional risk 
stratification is necessary to reduce surplus deaths within 
the ageing diving community. Specifically, if the propensity 
of LVH associated with hypertension increases in diving 
conditions, stricter control of divers with hypertension 
should be contemplated and proper medications used to 
revert LVH and reduce SCD risk. This question may be 
answered by further studies.

References
1.  Acott CJ. Prolonged QT syndrome: A probable cause of a drowning  
	 death	 in	 a	 recreational	 scuba	 diver.	 South	 Pacific	 Underwater	 
 Medicine Society Journal 34: 209–213, 2004.

2.  Avelar E, Cloward T V, Walker JM, Farney RJ, Strong M, Pendleton RC,  
 Segerson N, Adams TD, Gress RE, Hunt SC, Litwin SE. Left  
 ventricular hypertrophy in severe obesity: interactions among blood  
 pressure, nocturnal hypoxemia, and body mass. Hypertension 49:  
 34–9, 2007.

3.		 Bauml	 M	 a,	 Underwood	 D	 a.	 Left	 ventricular	 hypertrophy:	 an	 
 overlooked cardiovascular risk factor. Cleveland Clinic journal of  
 medicine 77: 381–7, 2010.

4.  Bayés de Luna A, Coumel P, Leclercq JF. Ambulatory sudden  
 cardiac death: mechanisms of production of fatal arrhythmia on  
 the basis of data from 157 cases. [Online]. American  
 heart journal 117: 151–9, 1989. http://www.ncbi.nlm.nih.gov/ 
 pubmed/2911968 [25 Mar. 2013].

5.		 Bigi	 MAB,	 Aslani	 A,	 Aslani	 A.	 Significance	 of	 cardiac	 autonomic	 
	 neuropathy	in	risk	stratification	of	Brugada	syndrome.	Europace	:	 
 European pacing, arrhythmias, and cardiac electrophysiology :  
 journal of the working groups on cardiac pacing, arrhythmias, and  
 cardiac cellular electrophysiology of the European Society of  
 Cardiology 10: 821–4, 2008.

6.  Bove A a. The cardiovascular system and diving risk. [Online].  
	 Undersea	 &	 hyperbaric	 medicine	:	 journal	 of	 the	 Undersea	 and	 
 Hyperbaric Medical Society, Inc 38: 261–9, 2011. http://www. 
 ncbi.nlm.nih.gov/pubmed/21877555.

7.		 Brilla	CG.	Regression	of	myocardial	fibrosis	 in	hypertensive	heart	 
 disease: diverse effects of various antihypertensive drugs. [Online].  
 Cardiovascular research 46: 324–31, 2000. http://www.ncbi.nlm. 
 nih.gov/pubmed/10773237.

8.  Brown DW, Giles WH, Croft JB. Left ventricular hypertrophy as  
 a predictor of coronary heart disease mortality and the effect of  
 hypertension. American heart journal 140: 848–56, 2000.

9.  Busuttil A, Obafunwa J. A review of the forensic investigation of  
 scuba diving deaths [Online]. Sci Justice 35: 87–95, 1995. http:// 
	 www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubM 
	 ed&dopt=Citation&list_uids=7606500.

4 - DEPTH ©2014 Best Publishing Company. All Rights Reserved. www.BestPub.com

www.bestpub.com


10.  Chobanian A V. The seventh report of the Joint National Committee  
 on Prevention , Detection , Evaluation , and Treatment of. 2004.

11.  Choi G, Kopplin LJ, Tester DJ, Will ML, Haglund CM, Ackerman  
 MJ. Spectrum and frequency of cardiac channel defects in  
 swimming-triggered arrhythmia syndromes. Circulation 110:  
 2119–24, 2004.

12.		Chugh	SS,	Reinier	K,	Singh	T,	Uy-Evanado	A,	Socoteanu	C,	Peters	 
 D, Mariani R, Gunson K, Jui J. Determinants of prolonged QT  
 interval and their contribution to sudden death risk in coronary  
	 artery	 disease:	 the	 Oregon	 Sudden	 Unexpected	 Death	 Study.	 
 Circulation 119: 663–70, 2009.

13.  Chugh SS, Reinier K, Teodorescu C, Evanado A, Samara M Al,  
 Mariani R, Gunson K, Jui J. Epidemiology of Sudden Cardiac Death:  
 Clinical and Research Implications. Prog Cardiovasc Dis 51: 213– 
 228, 2008.

14.		Chugh	 SS,	 Uy-Evanado	 A,	 Teodorescu	 C,	 Reinier	 K,	 Mariani	 R,	 
 Gunson K, Jui J. Women have a lower prevalence of structural heart  
	 disease	 as	 a	 precursor	 to	 sudden	 cardiac	 arrest:	 The	 Ore-SUDS		 
	 Oregon	Sudden	Unexpected	Death	Study	.	Journal	of	the	American	 
 College of Cardiology 54: 2006–11, 2009.

15.  Denoble PJ, Caruso JL, Dear GDL, Pieper CF, Vann RD. Common  
 causes of open-circuit recreational diving fatalities. [Online].  
	 Undersea	Hyperb	Med	35:	393–406,	2008.	http://www.ncbi.nlm 
 .nih.gov/pubmed/19175195.

16.  Denoble PJ, Caruso JL, Dear GDL, Pieper CF, Vann RD. Common  
 causes of open-circuit recreational diving fatalities. [Online].  
	 Undersea	 &	 hyperbaric	 medicine	:	 journal	 of	 the	 Undersea	 and	 
 Hyperbaric Medical Society, Inc 35: 393–406, 2008. http://www. 
 ncbi.nlm.nih.gov/pubmed/19175195.

17.  Denoble PJ, Pollock NW, Vaithiyanathan P, Caruso JL, Dovenbarger  
 JA, Vann RD. Scuba injury death rate among insured DAN members.  
 Diving Hyperb Med 38: 182–188, 2008.

18.  Deo R, Albert CM. Epidemiology and Genetics of Sudden Cardiac  
 Death. Circulation 125: 620–637, 2013.

19.  Douglas PS. Cardiovascular screening in asymptomatic adults:  
	 lessons	 for	 the	 diving	 world.	 [Online].	 Undersea	 &	 hyperbaric	 
	 medicine	:	journal	of	the	Undersea	and	Hyperbaric	Medical	Society,	 
 Inc 38: 279–87, [date unknown]. http://www.ncbi.nlm.nih.gov/ 
 pubmed/21877557.

20.		Dovenbarger	 J.	 1991	 Report	 on	 Diving	 Accidents	 &	 fatalities.	 
 Durham, NC: 1993.

21.  Edmonds C, Pennefather J, Lowry C, Walker R. Diving and  
 Subaquatic Medicine-Fourth Edition. 2003.

22.  Farb A, Tang AL, Burke AP, Sessums L, Liang Y, Virmani R. Sudden  
 Coronary Death : Frequency of Active Coronary Lesions, Inactive  
 Coronary Lesions, and Myocardial Infarction. Circulation 92:  
 1701–1709, 1995.

23.  Felício JS, Santos FM, De Souza ACC, Felício KM, Ribeiro AB,  
 Zanella MT. Autonomic neuropathy tests correlate with left  
 ventricular mass and cardiac diastolic function in normotensive  
 patients with type 2 diabetes mellitus and without left ventricular  
 hypertrophy. [Online]. Experimental and clinical cardiology 15:  
 e5–9, 2010. http://www.pubmedcentral.nih.gov/articlerender. 
	 fcgi?artid=2907882&tool=pmcentrez&rendertype=abstract	 [22	 
 Feb. 2013].

24.  Fishman GI, Chugh SS, Dimarco JP, Albert CM, Anderson ME,  
 Bonow RO, Buxton AE, Chen P-S, Estes M, Jouven X, Kwong R,  
 Lathrop DA, Mascette AM, Nerbonne JM, O’Rourke B, Page RL,  
 Roden DM, Rosenbaum DS, Sotoodehnia N, Trayanova NA, Zheng  
 Z-J. Sudden cardiac death prediction and prevention: report from  
 a National Heart, Lung, and Blood Institute and Heart Rhythm  
 Society Workshop. Circulation 122: 2335–48, 2010.

25.  Gerstenblith G, Frederiksen J, Yin FC, Fortuin NJ, Lakatta EG,  
 Weisfeldt ML. Echocardiographic assessment of a normal adult  
 aging population. Circulation 56: 273–278, 1977.

26.  Goldberger JJ, Cain ME, Hohnloser SH, Kadish AH, Knight BP, Lauer  
 MS, Maron BJ, Page RL, Passman RS, Siscovick D, Stevenson WG,  
 Zipes DP. American Heart Association/American College of  
	 Cardiology	Foundation/Heart	Rhythm	Society	Scientific	Statement	 
	 on	 Noninvasive	 Risk	 Stratification	 Techniques	 for	 Identifying	 
	 Patients	at	Risk	for	Sudden	Cardiac	Death.	A	scientific	statement	 
 from the America. Journal of the American College of Cardiology  
 52: 1179–99, 2008.

27.  Greenland P, Alpert JS, Beller G a, Benjamin EJ, Budoff MJ, Fayad Z  
 a, Foster E, Hlatky M a, Hodgson JM, Kushner FG, Lauer MS,  
 Shaw LJ, Smith SC, Taylor AJ, Weintraub WS, Wenger NK, Jacobs  
 AK. 2010 ACCF/AHA guideline for assessment of cardiovascular  
 risk in asymptomatic adults: a report of the American College of  
 Cardiology Foundation/American Heart Association Task Force on  
 Practice Guidelines. Circulation 122: e584–636, 2010.

28.  Haider a W, Larson MG, Benjamin EJ, Levy D. Increased left  
 ventricular mass and hypertrophy are associated with increased  
 risk for sudden death. [Online]. Journal of the American College of  
 Cardiology 32: 1454–9, 1998. http://www.ncbi.nlm.nih.gov/ 
 pubmed/9809962.

29.  Hampson NB, Dunford RG. Pulmonary edema of scuba divers.  
	 Undersea	&	Hyperbaric	Medicine.	24:	29–33,	1997.

30.  Itoh M, Fukuoka Y, Kojima S, Araki H, Hotta N, Sakamoto T, Nishi  
 K, Ogawa H. Comparison of cardiovascular autonomic responses  
 in elderly and young males during head-out water immersion.  
 [Online]. Journal of cardiology 49: 241–50, 2007. http://www.ncbi. 
 nlm.nih.gov/pubmed/17552289 [24 Mar. 2013].

31.  Jouven X, Desnos M, Guerot C, Ducimetiere P. Predicting Sudden  
 Death in the Population : The Paris Prospective Study I. Circulation  
 99: 1978–1983, 1999.

32.  Jouven X. Resting heart rate as a predictive risk factor for sudden  
 death in middle-aged men. Cardiovascular Research 50: 373–378,  
 2001.

33.  Kitzman DW, Scholz DG, Hagen PT, Ilstrup DM, Edwards WD.  
 Age-Related Changes in Normal Human Hearts During the First 10  
 Decades of Life. Part II  Maturity : A Quantitative Anatomic Study  
 of 765 Specimens From Subjects 20 to 99 Years Old. Mayo Clinic  
 Proceedings 63: 137–146, 1988.

34.		Klingbeil	AU,	Schneider	M,	Martus	P,	Messerli	FH,	Schmieder	RE.	 
 A meta-analysis of the effects of treatment on left ventricular mass  
 in essential hypertension. [Online]. The American journal  
 of medicine 115: 41–6, 2003. http://www.ncbi.nlm.nih.gov/ 
 pubmed/12867233 [11 Mar. 2013].

35.  Kong MH, Fonarow GC, Peterson ED, Curtis AB, Hernandez AF,  
 Sanders GD, Thomas KL, Hayes DL, Al-Khatib SM. Systematic  
	 review	 of	 the	 incidence	 of	 sudden	 cardiac	 death	 in	 the	 United	 
 States. Journal of the American College of Cardiology 57: 794–801,  
 2011.36.  Lange L, Lange S, Echt M, Gauer OH. Heart volume  
 in relation to body posture and immersion in a thermo-neutral bath.  
	 Pflgers	 Archive.	 European	 Journal	 of	 Physiology	 352:	 219–226,	 
 1974.

37.  Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic  
 implicatiions of echocardiographically determined left ventricular  
 mass in the Framingham Heart Study. N Eng J Med 322: 1561–6,  
 1990.

38.  Lippmann J, Baddeley A, Vann R, Walker D. An analysis of the  
 causes of compressed-gas diving fatalities in Australia from  
	 1972-2005.	[Online].	Undersea	&	hyperbaric	medicine	:	journal	of	 
	 the	 Undersea	 and	 Hyperbaric	 Medical	 Society,	 Inc	 40:	 49–61,	 
 2013. http://www.ncbi.nlm.nih.gov/pubmed/23397868.

39.  Lippmann J. Review of scuba diving fatalities and decompression  
 illness in Australia. Diving And Hyperbaric Medicine 38: 71–8,  
 2008.

40.  Lopshire JC, Zipes DP. Sudden cardiac death: better understanding  
 of risks, mechanisms, and treatment. Circulation 114: 1134–6,  
 2006.

41.  Lopshire JC, Zipes DP. Sudden cardiac death: better understanding  
 of risks, mechanisms, and treatment. Circulation 114: 1134–6,  
 2006.

42.  Lorell BH, Carabello B a. Left Ventricular Hypertrophy :  
 Pathogenesis, Detection, and Prognosis. Circulation 102: 470– 
 479, 2000.

43.  McLenachan JM, Dargie HJ. Ventricular arrhythmias in hypertensive  
 left ventricular hypertrophy. Relationship to coronary artery  
	 disease,	 left	 ventricular	 dysfunction,	 and	 myocardial	 fibrosis.	 
 [Online]. American journal of hypertension 3: 735–40, 1990.  
 http://www.ncbi.nlm.nih.gov/pubmed/2145865 [22 Mar. 2013].

44.  Meijs MFL, Bots ML, Vonken J a., Cramer JM, Melman PG, Velthuis  
 BK, Graaf Y, Mali WPHM, Doevendans P a. Rationale and design  
 of the SMART Heart study. Netherlands Heart Journal 15: 295– 
 298, 2007.

©2014 Best Publishing Company. All Rights Reserved. www.BestPub.com DEPTH - 5

www.bestpub.com


45.  Mitchell SJ, Bove AA. Medical screening of recreational divers  
 for cardiovascular disease: consensus discussion at the Divers  
	 Alert	Network	Fatality	Workshop.	[Online].	Undersea	&	hyperbaric	 
	 medicine	:	journal	of	the	Undersea	and	Hyperbaric	Medical	Society,	 
 Inc 38: 289–96, [date unknown]. http://www.ncbi.nlm.nih.gov/ 
 pubmed/21877558 [28 Mar. 2013].

46.  Miwa C, Sugiyama Y, Mano T, Iwase S, Matsukawa T. Spectral  
 characteristics of heart rate and blood pressure variabilities  
 during head-out water immersion. [Online]. Environmental  
 medicine : annual report of the Research Institute of Environmental  
	 Medicine,	 Nagoya	 University	 40:	 91–4,	 1996.	 http://www.ncbi. 
 nlm.nih.gov/pubmed/11540150 [24 Mar. 2013].

47.  Modi S, Krahn AD. Sudden Cardiac Arrest Without Overt Heart  
 Disease. Circulation 123: 2994–3008, 2011.

48.  Mourot L, Wolf JP, Galland F, Robinet C, Courtière a, Bouhaddi  
 M, Meliet JL, Regnard J. Short-term vasomotor adjustments to  
 post immersion dehydration are hindered by natriuretic peptides.  
	 [Online].	Undersea	&	hyperbaric	medicine	:	journal	of	the	Undersea	 
 and Hyperbaric Medical Society, Inc 31: 203–10, 2004. http:// 
 www.ncbi.nlm.nih.gov/pubmed/15485082.

49.  Müller D, Agrawal R, Arntz H-R. How sudden is sudden cardiac  
 death? Circulation 114: 1146–50, 2006.

50.  Myerburg RJ, Spooner PM. Opportunities for sudden death  
 prevention: directions for new clinical and basic research. [Online].  
 Cardiovascular research 50: 177–85, 2001. http://www.ncbi.nlm. 
 nih.gov/pubmed/11334821.

51.		Obad	A,	Palada	I,	Valic	Z,	Ivancev	V,	Baković	D,	Wisløff	U,	Brubakk	 
	 AO,	Dujić	Z.	The	effects	of	acute	oral	antioxidants	on	diving-induced	 
 alterations in human cardiovascular function. The Journal of  
 physiology 578: 859–70, 2007.

52.  Obafunwa JO, Busuttil A, Purdue B. Deaths of amateur scuba  
 divers. Medicine science and the law 34: 123–129, 1994.

53.  Olivotto I, Gistri R, Petrone P, Pedemonte E. Primary Myocardial  
 Disease Maximum Left Ventricular Thickness and Risk of Sudden  
 Death in Patients With Hypertrophic Cardiomyopathy. 

54.  Pollock N, Dunford R, Denoble P, Dovenbarger J, JL C. Annual Diving  
 Report. 2008th ed. Durham: Divers Alert Network, 2008.

55.		Reinier	 K,	 Dervan	 C,	 Singh	 T,	 Uy-Evanado	 A,	 Lai	 S,	 Gunson	 K,	 
 Jui J, Chugh SS. Increased left ventricular mass and decreased left  
 ventricular systolic function have independent pathways to  
 ventricular arrhythmogenesis in coronary artery disease. Heart  
	 rhythm	:	the	official	journal	of	the	Heart	Rhythm	Society	8:	1177– 
 82, 2011.

56.  Report TS. Prevention , Detection , Evaluation , and Treatment of. .

57.		Risch	WD,	Koubenec	HJ,	 Beckmann	U,	 Lange	S,	Gauer	OH.	 The	 
 effect of graded immersion on heart volume, central venous  
 pressure, pulmonary blood distribution, and heart rate in man.  
	 [Online].	 Pflügers	 Archiv	:	 European	 journal	 of	 physiology	 374:	 
 115–8, 1978. http://www.ncbi.nlm.nih.gov/pubmed/149298 [24  
 Mar. 2013].

58.  Roberts WO. Evidence for Decreasing Occurrence of Sudden  
 Cardiac Death Associated With the Marathon Letters to the Editor.  
 J Am Coll of Cardiology 46: 30–31, 2005.

59.  Sahn DJ, DeMaria a., Kisslo J, Weyman a. Recommendations  
 regarding quantitation in M-mode echocardiography: results of a  
 survey of echocardiographic measurements. Circulation 58:  
 1072–1083, 1978.

60.  Schirmer H, Lunde P, Rasmussen K. Prevalence of left ventricular  
	 hypertrophy	in	a	general	population	The	Tromsø	Study.	.

61.  Shapiro LM, McKenna WJ. Left ventricular hypertrophy. Relation  
 of structure to diastolic function in hypertension. Heart 51: 637– 
 642, 1984.

62.  Slade JBJMD, Hattori TMD, Ray CSMD, Bove AAMDP, Cianci PMD.  
 Pulmonary Edema Associated With Scuba Diving*: Case Reports  
 and Review. [Review]. Chest November 120: 1686–1694, 2001.

63.  Spirito P, Bellone P, Harris KM, Bernabo P, Bruzzi P, Maron BJ.  
 Magnitude of left ventricular hypertrophy and risk of sudden death  
 in hypertrophic cardiomyopathy. The New England Journal of  
 Medicine 342: 1778–85, 2000.

64.  Straus SMJM, Sturkenboom MCJM, Bleumink GS, Dieleman JP, Van  
 der Lei J, De Graeff P a, Kingma JH, Stricker BHC. Non-cardiac QTc- 
 prolonging drugs and the risk of sudden cardiac death. European  
 heart journal 26: 2007–12, 2005
.
65.  Tabib a, Loire R, Chalabreysse L, Meyronnet D, Miras a, Malicier D,  
 Thivolet F, Chevalier P, Bouvagnet P. Circumstances of death and  
 gross and microscopic observations in a series of 200 cases  
 of sudden death associated with arrhythmogenic right ventricular  
 cardiomyopathy and/or dysplasia. Circulation 108: 3000–5, 2003.

66.		Tamarappoo	 BK,	 John	 BT,	 Reinier	 K,	 Teodorescu	 C,	 Uy-Evanado	 
 A, Gunson K, Jui J, Chugh SS. Vulnerable myocardial interstitium in  
 patients with isolated left ventricular hypertrophy and sudden  
 cardiac death: a postmortem histological evaluation. Journal of the  
 American Heart Association 1: e001511, 2012.

67.  Thompson PD. The cardiovascular risks of diving. [Online].  
	 Undersea	 &	 hyperbaric	 medicine	:	 journal	 of	 the	 Undersea	 and	 
 Hyperbaric Medical Society, Inc 38: 271–7, 2011. http://www.ncbi. 
 nlm.nih.gov/pubmed/21877556.

68.  Tsilakis D, Parzakonis N. The Impact of Reducing Hypertensive Left  
 Ventricular Hypertrophy on Sudden Cardiac Death. Hospital  
 Chronicles Supplement: 210–214, 2008.

69.  Tunstall Pedoe DS. Sudden death risk in older athletes: increasing  
 the denominator. British journal of sports medicine 38: 671–2,  
 2004.

70.  Vega D, Fernández M, Batista A, Flores D, Cabezas M. Prevalence  
 of Left Ventricular Hypertrophy in Patients with Essential High Blood  
 Pressure. In: 2nd Virtual Congress of Cardiology. Argentiniaederation  
 of Cardiologyn F, [date unknown].

71.  Verdecchia P, Carini G, Circo A, Dovellini E, Lombardo M, Solinas P,  
 Gorini M, Pietro A. Left Ventricular Mass and Cardiovascular  
 Morbidity in Essential Hypertension : The MAVI Study. L Am Coll  
 Cardiol 38: 1829–1835, 2001.

72.  Zipes DP, Camm a J, Borggrefe M, Buxton AE, Chaitman B, Fromer  
 M, Gregoratos G, Klein G, Moss AJ, Myerburg RJ, Priori SG,  
 Quinones M a, Roden DM, Silka MJ, Tracy C, Smith SC, Jacobs  
 AK, Adams CD, Antman EM, Anderson JL, Hunt S a, Halperin JL,  
 Nishimura R, Ornato JP, Page RL, Riegel B, Blanc J-J, Budaj A, Dean  
 V, Deckers JW, Despres C, Dickstein K, Lekakis J, McGregor K,  
 Metra M, Morais J, Osterspey A, Tamargo JL, Zamorano JL. ACC/ 
 AHA/ESC 2006 guidelines for management of patients with  
 ventricular arrhythmias and the prevention of sudden cardiac  
 death: a report of the American College of Cardiology/American  
 Heart Association Task Force and the European Society of  
 Cardiology Com. Journal of the American College of Cardiology 48:  
 e247–346, 2006.

73.  Zipes DP, Wellens HJJ. Clinical Cardiology : New Frontiers Sudden  
 Cardiac Death [Online]. Circulation 98: 2334–2351, 1998. http:// 
 circ.ahajournals.org/cgi/content/full/98/21/2334.

74.  Zipes DP, Wellens HJJ. Sudden Cardiac Death. Circulation 98:  
 2334–2351, 1998. 

6 - DEPTH ©2014 Best Publishing Company. All Rights Reserved. www.BestPub.com

Dr. Petar Denoble, MD, DSc, is a 
senior director of the medical research 
department at Divers Alert Network. 
After graduating from medical 
school, Petar joined the Navy in the 
former Yugoslavia and specialized 
in naval and diving medicine. For 13 
years, he was involved with training, 
supervision, and treatment of divers 
in open circuit, closed circuit, deep 

bounce, and saturation diving. He did his doctoral thesis 
on oxygen consumption in underwater swimming. For the 
last 20 years, he has been with Divers Alert Network. His 
work at DAN has involved him in the development of the 
largest database of exposure and outcomes in recreational 
diving, the monitoring of diving injuries, and the study, 
treatment, and prevention of fatal outcomes and long-term 
consequences of diving accidents.

www.bestpub.com


Nearly a decade in the making, this  highly anticipated fifth edition of the NOAA Diving  
Manual offers instructions, recommendations, and general guidance on the broadest 
possible range of underwater living conditions and dive situations. Its robust content  
will prove useful to scientific, commercial, and recreational divers everywhere.  
Thanks to the expertise of the diverse contributors, this respected and comprehensive 
reference guide will continue to set the standard and bring the best science to the  
latest in diving safety, training, cutting-edge technology and innovation.

NOW OFFERING 
eBook and USB PDF formats!

BEST 
PUBLISHING 
COMPANY

Call 561.776.6066, or 
email: customerservice@bestpub.com

Order 
Your Copy Today!

N
O

A
A

 D
IV

IN
G

 M
A

N
U

A
L

5th EDITION

~<(sl*n!=fdggcd<
ISBN 9781930536623

www.bestpub.com

http://www.bestpub.com/books/new-book-titles/product/156-noaa-diving-manual-5th-edition-softcover-textbook.html


www.WoundEducationPartners.com 

Announcing an All New Online 
CME/CEU Learning Management System

Affordable
Nationally Accredited CME/CNE/CEU courses

Convenient to your busy schedule
Available ONLY through Wound Care Education Partners

ENROLL TO
DAY!

Courses are available in the fields of wound care, 
dive medicine, and undersea & hyperbaric medicine. 

www.WoundEducationPartners.com


This article is brought to you by Best Publishing Company (BPC).
Best Publishing Company was founded in 1966 and has become 
the largest and one of the most respected publishers of educational 
books and textbooks on diving, hyperbaric medicine, and wound 
care. Go to www.bestpub.com for additional articles and products 
relevant to your field.

  For more information on dive medical issues, we recommend the 
following books. www.bestpub.com

Assessment Of  Diving Medical 
Fitness For Scuba  Divers  And  
Instructors

By Peter B. Bennett, Frans J. Cronje and 
Ernest S. Campbell

Basic Decompression Theory and
Applications, 3rd Edition

By Bruce R. Wienke

Beating the Bends
By Alex Brylske

The Commercial Diver’s Handbook:
Surface-Supplied Diving, 

Decompression, and Chamber 
Operations Field Guide

By Hal Lomax

Mastering Rebreathers 
By Jeffrey E. Bozanic

NOAA Diving Manual, 5th Edition
Edited by: NOAA et al.

On-Site Management of Scuba 
Diving and Boating Emergencies 

By Wesley Y. Yapor, M.D.

Women and Pressure 
By: Caroline E. Fife, M.D,

Marguerite St. Leger Dowse

Recommended Reading

BEST 
PUBLISHING 
COMPANY

RESOURCES FOR DIVERS

www.bestpub.com

• commercial
• dive medicine
• public safety
• recreational
• research
• technical

The Commercial Diver’s 
Handbook

The  
CommerCial Diver’s  

hanDbook

Surface-Supplied Diving,  

Decompression and  

Chamber Operations Field Guide

Available Now! 
www.BestPub.com

http://www.bestpub.com/books/general-diving-education/product/163-assessment-of-diving-medical-fitness-for-scuba-divers-and-instructors.html
http://www.bestpub.com/books/commercial-military-diving/product/112-basic-decompression-theory-and-application-3rd-edition/category_pathway-23.html
http://www.bestpub.com/books/general-diving-education/product/312-beating-the-bends/category_pathway-27.html
http://www.bestpub.com/books/skin-scuba-diving/product/186-mastering-rebreathers-2nd-edition-softcover/category_pathway-41.html
http://www.bestpub.com/books/careers/product/156-noaa-diving-manual-5th-edition-softcover-textbook/category_pathway-20.html
http://www.bestpub.com/books/safety-lifesaving-firstaid/product/146-on-site-management-of-scuba-diving-and-boating-emergencies/category_pathway-38.html
http://www.bestpub.com/books/careers/product/127-women-and-pressure-special-edition/category_pathway-20.html
http://www.bestpub.com/books/careers/product/315-the-commercial-diver-s-handbook-surface-supplied-diving-decompression-and-chamber-operations-field-guide/category_pathway-20.html
http://www.bestpub.com/books/careers/product/315-the-commercial-diver-s-handbook-surface-supplied-diving-decompression-and-chamber-operations-field-guide/category_pathway-20.html
http://www.bestpub.com/

