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Discussion
CRAIG JENNI: You just mentioned the 27-percent medical statistic, and so approximately a third of the divers had a 
nonmedical-related incident that led to their death. What does BSAC do in regard to medical screening and/or fitness to 
address that issue?

BRIAN CUMMING: Basically it is self-certification. You are asked to fill out a medical form and declare any preexisting 
conditions. That is what we do. One of the issues — and I am not a medical physician, so there are people in the room more 
qualified to answer this question than me — but my understanding is the ability to effectively screen for these conditions is 
quite full. You have to go through an extensive process to screen people out who are potentially going to suffer from these 
problems. It is something that we as an organization are starting to look at. There is a consultant cardiologist in the UK, one 
of our members, who has started to get very interested in this. One of the problems we have in the UK is that the coroner 
process is very much uncontrolled nationally. We do not have automatic right of access to coroner findings. We cannot 
demand that information. So a lot of the information that could come out of some of these fatal analysis is quite hard to 
come by, but it is something we feel we need to investigate a lot more.

DAN CALLAHAN: You seem to have a lot of information on deaths related to people who are diving solo. Do we have any 
information as to whether those people were actually trained in solo diving techniques or if they were untrained, and that 
is not necessarily a solo-diving death but something that leads back to a lack-of-training death?

CUMMING: I do not believe they were trained in solo diving. My guess would be these are people who have some diving 
certification of some type but then choose to go dive on their own. I don’t think they have had specific training for solo 
diving, no.

GREG STANTON: You mentioned that many individuals might look at your database and make corrections, but did BSAC 
make any corrections in their training standards or activity standards based on this data?

CUMMING: The thing we have had a really big push on recently, perhaps not related to fatalities in a big way, but one of 
the major issues that has come out of the incident analysis is buoyancy control. A huge amount of other incidents were 
being caused by poor buoyancy control. That is something that we have worked on quite hard over the last two or three 
years, introducing new training processes for buoyancy control, and the data seem to be suggesting that it is having an 
impact on those sorts of incidents coming down. So, in general, yes, if there are major concerns that we can identify, yes, 
we do push toward it. The sad thing about this to me is I have been writing this incident report that we have produced for 
about the last 13, 14 years, and I found myself writing the same thing again and again. We continually reissue the same 
advice, do this, do not do this. It does not always happen. So other people were expressing it earlier today, what can you 
actually do? If someone is determined to say, I am not going to listen to any of that, I am going to do my own thing, major-
ity rules. Does anybody want advice on computer maintenance?

DR. PETER BENNETT: You have many regional differences on Scapa Flow regarded as deep, technical diving, so on. Is it 
more there than anywhere else?

CUMMING: There are a lot of incidents at Scapa Flow, yes. I cannot give you numbers, but, yes, there are. It is a very popu-
lar site, dark, deep. We do get a fair share of incidents there.

UNIDENTIFIED SPEAKER: It is reasonably deep at Scapa Flow. It’s quite good visibility most of the time.
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“The vast pool of data reflects 
an improvement in participant 
safety from the first decade to 

the second.”

Training Scuba Divers:  
A Fatality and Risk Analysis

Drew Richardson
PADI Worldwide
30151 Tomas Street
Rancho Santa Margarita, CA 92688 USA

Annual records of certifications issued, resultant training dives conducted and 
reports of diving fatality cases collected by the Professional Association of Diving 
Instructors (PADI) were examined and compared for two 10-year periods: 1989-
1998 and 1999-2008, respectively. Three sets of data were grouped and analyzed for 
each of these 10-year periods: 

1.	 Fatalities occurring during PADI-sanctioned training programs or under supervi-
sion of a PADI member while enrolled in a non-PADI program — For this data 
set a total of 63,041,231 training dives were conducted in the 20-year period and 
17,224,125 certifications issued with a total of 304 fatalities occurring. Rates 
were calculated by course and cumulatively. Cumulative fatality rates were 
calculated at 0.482 per 100,000 dives and 1.765 per 100,000 divers for the period. 
Comparison between the two 10-year periods showed improvement in rates 
within comparable range categories for training. The yearly fatality rate ranged 
from 0.3 to 0.683 per 100,000 dives and from 1.167 to 2.829 per 100,000 divers 
for the first 10-year period and ranged from 0.283 to 0.692 per 100,000 dives and 
from 1.001 to 2.698 per 100,000 divers for the second 10-year period. Cause of 
death and a variety of contributing factors were identified. Comparison between 
the two 10-year periods also showed consistent representation of gender, with 
females comprising 28.8 percent during the first 10-year period and 28.1 percent 
during the second 10-year period, and males comprising 71.2 percent during the 
first 10-year period and 71.9 percent during the second 10-year period. 

2.	 Diving fatalities occurring outside of PADI-sanctioned training programs and 
involving a PADI-certified diver — A total of 808 fatalities for the 20-year period 
were researched. Because a reliable denominator was not able to be calculated, 
fatality rates were not calculated. However, a significant increase in the number 
of certifications issued in the second 10-year period was noted without a corre-
spondingly proportional increase in fatality for this data set. Cause of death and a 
variety of contributing factors were identified. Of note, the median age for cardiac 
deaths increased in the second 10-year period (40 to 51.5 years of age), but the 
percentage contribution from this category was comparable (31.5 percent versus 
31.6 percent). 

3.	 Fatalities involving a PADI diving professional (divemaster/assistant instructor/
instructor) while at work — A total of 22 fatalities for instructors or divemas-
ters at work were recorded for the 20-year period. Cause of death and a variety 
of contributing factors were identified. Description of activity and associated 
analysis to total population are included. The fatality rate per 100,000 members 
dropped from 1.4 in 1989-1998 to 1.1 in the 1999-2008 10-year period. The vast 
pool of data reflects an improvement in participant safety from the first decade to 
the second. This is a testimony to the commitment to the design of quality diver 
training and the effort put into upholding standards in the field.
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“Nothing in life is risk free,  
and activities are judged safe 

only when their risks are 
judged acceptable.”

Introduction
Scuba diving has inherent risk, and, as a diver training and educational institu-
tion, the PADI organization exists to train scuba instructors and divers to mitigate 
risk so that scuba diving can be experienced in a reasonably safe manner.

We use the word “safe” quite loosely in our everyday lives. However, how we deter-
mine what is and is not safe is not as widely discussed. In his 1976 work, Of Acceptable 
Risk: Science and the Determination of Safety, W.W. Lowrance defined safety as a 
judgment of acceptable risk and risk as a measure of the probability and severity of 
harm (Richardson 2002). Nothing in life is risk free, and activities are judged safe only 
when their risks are judged acceptable. As there are degrees of risk, there are degrees 
of safety. Determining how safe things are requires two activities: (1) measuring risk, 
which is an objective scientific activity; and (2) judging the acceptability of that risk, 
which is a personal and/or social value judgment (Lowrance 1976). Using this as a 
baseline, one can apply objective input into improving safety or practice.

Gauging risk in diver training is a matter of estimating probabilities. This approach 
assesses the overall chance that an untoward event will occur but not a specific 
event. For example, gauging risk by estimating probabilities can determine the 
likelihood of decompression illness occurring for any given dive profile; however, 
this approach is limited in that it cannot predict which divers will have decompres-
sion illness. The same can be said of air embolism, drowning and diver fatality. The 
definition of risk includes both the probability of an adverse event as well as the 
severity of its consequences. Objective risk estimation is based on knowledge of past 
occurrence of injuries, their frequencies, numbers of persons exposed and measures 
of their exposure (Denoble, Pollock et al. 2008; Denoble, Caruso et al. 2008).

Recreational scuba diving is associated with hazards and risks related to all water 
activities in addition to hazards and risks specific to underwater breathing. A lack 
of understanding, inadequate training or choosing to ignore these risks can lead 
to morbidity and mortality. Injuries from these hazards can be fatal and can occur 
unpredictably (Denoble, Pollock et al. 2008; Denoble, Caruso et al. 2008).

The PADI organization systematically collects diving incident and fatality data 
as part of an internal and comprehensive quality and risk-management surveil-
lance and monitoring system. PADI employs the largest full-time staff of risk- and 
quality-management personnel across its seven international offices in recreational 
diving. These employees manage and administer a robust quality-management 
system, both proactively and retrospectively monitoring PADI training program 
standards, conduct, implementation and outcomes around the world.

Bound by organizational standards and an annual membership agreement, PADI 
instructor, divemaster and dive center members in 175 countries across the world 
are required to follow a Code of Practice (Appendix 1 to this paper; Appendix 2 is 
the PADI Safe Diving Practice Statement and the RSTC Medical Statement) and to 
report any diving incident to the PADI organization. In certain markets, this is also 
a requirement of liability insurance coverage via a warranty of coverage. Because of 
these requirements, and a quality-management enforcement system, collection of 
diving incident and accident reports from PADI members is global. 

Since its inception in 1967, the PADI organization has issued more than 
18,400,000 diver certifications internationally (Table 1). The number of PADI-
affiliated instructors and divemasters has also grown substantially during this 
time (2008: 134,959 worldwide). It is estimated that the PADI organization certi-
fies 60-70 percent of the world’s scuba divers on an annual basis.
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“Possible triggers, disabling 
agents, disabling injury and 

cause of death were identified 
where possible; however, it was 
not unusual for one or more of 
these events to be unknown, 

unidentifiable or not present in 
the case reports.”

Table 1: PADI certifications by year since inception

Methodology
Annual records of certifications issued, resultant training dives conducted and 
reports of diving fatality cases collected by PADI were examined for two 10-year 
periods: 1989-1998 and 1999-2008, respectively. 

Three sets of data were grouped and analyzed for each of these 10-year periods: 
(1) fatalities occurring during PADI-sanctioned training programs or under 
supervision of a PADI member while enrolled in a non-PADI program; (2) diving 
fatalities occurring outside of PADI-sanctioned training programs and involving 
a PADI-certified diver; and (3) fatalities involving a PADI diving professional 
(divemaster/assistant instructor/instructor) while at work. 

In addition to statistical analyses, attempts to identify contributing factors to fatali-
ties were extracted. Possible triggers, disabling agents, disabling injuries and causes 
of death were identified where possible; however, it was not unusual for one or more 
of these events to be unknown, unidentifiable or not present in the case reports.

1.	 Fatalities occurring during PADI-sanctioned training programs or under supervi-
sion of a PADI member while enrolled in a non-PADI program: Data Set 1: A 
(1989-1998) and B (1999-2008). For this diver training data set, it was possible 
to measure risk accurately in an objective and scientific manner. An accurate 
and reliable denominator for each training program was calculated by using 
the number of individual certifications issued annually and the total required 
training dives conducted. Diving risk exposure by program was therefore cal-
culated with a high degree of confidence. Using these records, it was possible to 
establish a reliable denominator-based statistic and determine the risk of death 
associated within the training envelope.
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“For the diving professional at 
work data set, it was possible 
to measure the population of 
professionals at work for the 
period of study and correlate 

fatalities accordingly.”

2.	 Diving fatalities occurring outside of PADI-sanctioned training programs and involv-
ing a PADI-certified diver: Data Set 2: A (1989-1998) and B (1999-2008). For this 
nontraining data set, it was not possible to establish a reliable denominator-based 
statistic and determine the risk of death associated with diving. For these data, the 
author attempted to identify other nondenominator-based statistical analyses to 
identify contributing factors, cause of death and other interrelated variables.

3.	 Fatalities involving a PADI diving professional (divemaster/assistant instructor/
instructor) while at work. Data Set 3: A (1989-1998) and B (1999-2008). For the 
diving professional at work data set, it was possible to measure the population 
of professionals at work for the period of study and correlate fatalities accord-
ingly. Where possible, other statistical analyses were conducted.

Results
A. 1989–1998 Data Results
For the 10-year period of 1989-1998, 409 unique records exist that break down as 
follows:

Data Set 1A
103	 Number of training fatalities resulting in the death of a diver while enrolled 

in a PADI training course

    8	 Number of fatalities resulting in the death of a diver while under the super-
vision of a PADI Member in a non-PADI program

111	 Total

Data Set 2A
290	 Number of nontraining fatalities (death of a PADI diver while not under 

PADI member supervision or training)

Data Set 3A
    8	 Number of at-work fatalities (death of a PADI member while working)

Table 2 shows the geographical location of all fatalities; all categories for 1989-
1998 with the top 10 locations in descending order for the period identified.
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Table 2a: Geographic location of fatalities (US: 232 or other countries: 177),  
all categories (working, training and non-training) from 1989-1998

Table 2b: Top 10 locations (descending order): 210 of 409 = 51.3% of all recorded fatalities between 1989-1998
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A summary of fatalities by level of PADI diver certifications for 1989-1998 is shown in Table 3.

Table 3: Summary of fatalities by level of PADI certification or supervised experience (1989-1998)

Data Set 1A. Fatalities Occurring During PADI-Sanctioned Training Programs or Under Supervision of a PADI Member 
While Enrolled in a Non-PADI Program (1989-1998)
A summary of the total number of certifications issued, training dives conducted and fatalities by year from 1989 to 1998 
is presented in Figure 1. A total of 22,331,544 training dives were conducted, with 5,655,142 certifications issued and 111 
associated fatalities occurred in training or supervision during this period. 

An overall fatality rate for divers in training or under supervision for this 10-year period was calculated to be 1.821/100,000 
divers with a range of 1.167 to 2.829 per 100,000 divers. The fatality rate for the 1989-1998 period for training dives was 
0.461/100,000 dives with a range of 0.300 to 0.683 per 100,000 dives.
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Figure 1: Number of PADI certifications, training dives and fatalities (1989-1998)
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The geographic location of fatalities that occurred in training or under supervision only for 1989-1998 is presented in  
Table 4 with the top 10 locations in descending order for the period.

Table 4a: Geographic location of fatalities (US: 70 or other countries: 41): training or under supervision only from 1989-1998

Table 4b: Top 10 locations (descending order): 58 of 111 = 52.3% of all recorded fatalities (1989-1998)

A summary of fatalities occurring during training or supervision by course being conducted, gender and year is shown in 
Table 5.

Figure 2 presents a summary of fatalities in training or under supervision by age for 1989-1998. The age range was 14 to 67 
years old with a median age of 41 years.

Figure 3 shows the number of fatalities in training or under supervision by year for the 10-year period 1989-1998.

Figure 4 presents fatalities in training or under supervision by cause of death (N =111). Cardiac was the largest cause of 
death for the period (31.5 percent), followed by unknown causes (27.9 percent) and drowning (27 percent). Embolism was 
attributed to 11.7 percent of the deaths for the period. 

Table 6 describes fatality sequential events analysis for fatalities in training or under supervision for 1989-1998 where it 
was possible to derive this information.

http://archive.rubicon-foundation.org



TRAINING SCUBA DIVERS: A FATALITY AND RISK ANALYSIS	 Recreational Diving Fatalities Workshop Proceedings • 127

Table 5: Summary of fatalities by course, gender and year: training or under supervision only (1989-1998)

Figure 2: Summary of fatalities by age and injury type: training or under supervision only (1989-1998)

•	 Ages for training fatalities (N=118) range from 14 to 67, with 5 records being unknown

•	 Median fatality age is 41 years old
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Figure 3: Fatalities during PADI training worldwide, except Japan (1989-1998)

Figure 4: Training fatalities by cause of death worldwide, except Japan (1989-1998)
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Table 6: Fatality sequential events analysis (1989-1998)

Table 7 shows the causes of death by gender and year for fatalities in training or under supervision for PADI courses and 
non-PADI affiliated supervised resort experience dives.
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Table 7: Fatalities by gender and year: training or under supervision only (1989-1998)
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Table 7 (continued)

A comparison of cause of death in fatalities in training or under supervision to age was conducted. Table 8 shows the num-
ber, range of ages and median ages for unknown, asphyxiation-related, asthma-related, cardiac-related and drowning- and 
embolism-related deaths, respectively. 
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Table 8: Fatal training injuries by age and type (1989-1998)

	

Table 9 shows a compilation of all PADI training courses conducted, number of certifications issued, training dives con-
ducted and fatality rates per 100,000 divers and dives. The overall fatality rate for divers during this 10-year period was 
calculated to be 1.839/100,000 divers with a range of 1.167 to 2.829 per 100,000 divers. The fatality rate for this period for 
training dives was 0.466/100,000 dives with a range of 0.300 to 0.683 per 100,000 dives.

The Discover Scuba Diving (DSD) Program was introduced in 1992. The actual number of DSD experiences conducted 
is likely much larger because the denominator used to calculate these rates are based only upon registrations received at 
PADI. DSD causes of death were: unknown (2), asthma (1), drowning (5), cardiac (1) and asphyxiation (1). Related con-
tributing factors were panic (1), loss of control/separation (2), out of air (1) and medical condition (1).

Further, Rescue Diver training experienced one drowning and one cardiac case; specialty training, two unknown and one 
drowning case; divemaster training, two cardiac and one embolism case.

Table 10 presents advanced open-water training fatality data with notes on deep diving.
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Table 9: PADI worldwide certifications and fatalities (except Japan) for courses and programs (1989-1998)

Table 10: Advanced open-water diver training fatalities worldwide (excluding Japan)

 
Note: Deep-diving fatality locations and depths were TX-90’, UT-80’, CA-100’, NY-100’, England-105’, CA-?, Israel-88’, NJ-104’, WI-70’, NY-38’, WA-80’, China-?, 
WI-92’, TX-90’, England-51’, GA-45’, MA-95’, England-90’. Deep diving (19) causes of death of the total AOW (35) were: unknown (9/10), drowning (6/14),  
embolism (2/4), cardiac (2/7). Related factors in deep diving fatalities were: separation from buddy (2), panic (1), rapid ascent (2), surface cardiac arrest (1), and 
double drowning-instructor and student.
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B.  1999-2008 Data Results
For the 10-year period of 1999-2008, 725 unique records exist, which breakdown as follows: 

Data Set 1B
192	 Number of training fatalities resulting in the death of a diver while enrolled in a PADI training course

    1	 Number of fatalities resulting in the death of a diver while under the supervision of a PADI Member in a  
non-PADI program.

193	 Total

Data Set 2B
518	 Number of nontraining fatalities (death of a PADI diver while not under PADI member supervision or training)

Data Set 3B
  14	 Number of at-work fatalities (death of a PADI member while working)

Table 11 shows the geographical location of all fatalities; all categories for 1999-2008 with the top ten locations in descend-
ing order for the period indicated.
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Table 11a: Geographic location of fatalities (US: 200 or other countries: 525), all categories from 1999-2008
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Table 11b: Top 10 locations (descending order): 348 of 725= 48% of all recorded fatalities between 1999-2008
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A summary of fatalities by diver PADI certification level for 1999-2008 is shown in Table 12.

Table 12: Summary of fatalities by level of PADI certification (1999-2008)

Data Set 1B: Fatalities in training programs or under supervision (1999-2008)
Figure 5 represents the total number of certifications issued, training dives conducted and fatalities by year for 1999-2008. 
A total of 40,709,687 training dives were conducted, with 11,568,983 certifications issued and 193 associated fatalities in 
training during this period. An overall fatality rate for divers in this 10-year period was calculated to be 1.660/100,000 
divers with a range of 0.918 to 2.698 per 100,000 divers. The fatality rate for the 1999-2008 period for training dives was 
0.472/100,000 dives with a range of 0.283 to 0.692 per 100,000 dives.

http://archive.rubicon-foundation.org



138  •  Recreational Diving Fatalities Workshop Proceedings	 TRAINING SCUBA DIVERS: A FATALITY AND RISK ANALYSIS

Figure 5: Number of PADI certification, training dives and fatalities per year (1999-2008)
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Table 13 identifies the geographic location of fatalities that occurred in training or under supervision only for 1999-2008 
with the top 10 locations in descending order for the period. 

Table 13a: Location of fatalities by U.S. state (63) or other countries (130): training or under supervision only (1999-2008)

Table 13b: Top 10 locations (descending order): 106 of 193 = 54.9% of all recorded fatalities between 1999-2008

A summary of fatalities by course being conducted, gender and year for training or under supervision only is shown in 
Table 14.
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Table 14: Summary of fatalities by course, gender and year: training or under supervision only (1999-2008)
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Table 14 (continued)

Figure 6 presents a summary of fatalities by age and injury type during training or under supervision only. Figure 7 shows 
the number of fatalities in training or under supervision by year (range: 12-27) for 1999-2008.

Figure 6: Summary of fatalities by age and injury type: training or under supervision only (1999-2008)

• Ages for training fatalities range from 13 to 72, with 14 records being unknown

• N=193, median fatality age is 45 years old
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Figure 7: Fatalities during training or under supervision by year (1999-2008)

Figure 8 presents fatalities under training or under supervision by cause of death (n=193; range 1-61). Cardiac was the 
largest cause of death for the period (31.6 percent of total), followed by unknown causes (28 percent of total) and drowning 
(25.9 percent); embolism was attributed to 7.3 percent of the related deaths for the period.

Figure 8: Worldwide training fatalities by cause of death (1999-2008)
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Table 15 describes fatality sequential events analysis for training or supervised dives for 1999-2008 where it was possible to 
derive this information.

Table 15: Fatality sequential events analysis:training or supervised dives (1999–2008)

Table 16 shows the causes of death by gender and year for training dives conducted in entry-level, Advanced Open Water, 
Discover Scuba Experience (DSD), Rescue Diver, Specialty training, Divemaster and non-PADI-affiliated resort experience 
dives, respectively.
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Table 16: Fatalities by gender and year: training or under supervision only (1999-2008)
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Table 16 (continued)
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Table 16 (continued)

A comparison of cause of death in training or under supervision only by age was conducted. Table 17 shows the number, 
range of ages and median ages for unknown, asthma-related, boat prop injury, brain aneurism, cardiac-related, DCS, 
drowning, embolism, seizure, CNS toxicity and respiratory arrest, respectively.

Table 17: Fatal training injuries by age

Further, one 26-year-old experienced a DCS-related fatality, one 26-year-old experienced a seizure-related fatality, one 
26-year-old had a respiratory-arrest-related fatality, and one 34- and one 41-year-old had CNS-toxicity-related fatalities.

Table 18 shows a compilation of all PADI training courses, number of certifications issued, training dives conducted and 
fatalities in the 10-year period 1999-2008. Associated fatality rate per 100,000 divers and also fatality rate per 100,000 dives 
for entry-level, Advanced Open Water Diver, Discover Scuba Diving, Rescue Diver, Specialty, Divemaster and non-PADI-
affiliated supervised resort dives are calculated, respectively.

The overall fatality rate for training dives in this 10-year period was calculated to be 1.660/100,000 dives with a range of 
.918 to 2.698 per 100k dives. The fatality rate for the 1999-2008 period for divers was 0.472/100,000 divers with a range of 
0.283 to 0.692 per 100,000 divers. Table 19 compares the fatality rates per training course and between the periods 1989-
1998 and 1999-2008.
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Table 18: PADI worldwide certifications and fatality rates for scuba courses and programs (1999-2008)
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Table 19: Rate of fatality comparison: 1989–1998 versus 1999–2008
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Table 19 (continued) 
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Data Set 2A. Diving fatalities occurring outside of PADI-sanctioned training or supervised programs and involving a 
PADI-certified diver (1989-1998)
Table 20 shows a summary of fatalities by certification level, gender and year: nontraining or supervised only.

Table 20: Summary of fatalities by certified level, gender and year: nontraining only (1989-1998; median age 38 years)
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Data Set 2B: Diving fatalities occurring outside of PADI-sanctioned training or supervised programs and involving a 
PADI-certified diver (1999-2008)
Table 21 shows a summary of fatalities by diver certification level, gender and year; nontraining and supervised only.

Table 21: Summary of fatalities by certification level, gender and year: nontraining only (1999-2008)
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Table 21 (continued)

Table 22 shows a summary of nontraining fatalities occurring outside of a PADI-sanctioned training program and involving 
a PADI-certified diver by year and gender. The median age for the group was 45 years of age.

Table 22: Summary of nontraining fatalities involving a PADI-certified diver (1998-2008)
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Data Set 3A:  Fatalities involving a PADI professional (divemaster/assistant instructor/instructor) while at work 
(1989-1998)
Table 23 shows that the cumulative fatality rate for PADI professionals at work for the 10-year period 1989-1998 was 1.4 
per 100,000 members.

Table 23: Fatal injuries involving a PADI professional at work: worldwide (except Japan), 1989–1998
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Table 24 provides detail regarding cause of death for fatalities involving a PADI professional at work for the 10-year period 
1989-1998.

Table 24: Cause of death for fatalities involving a PADI professional at work

Data Set 3B: Fatalities involving a PADI professional (divemaster/assistant instructor/instructor) while at work 
(1999-2008)
Table 25 shows that the cumulative fatality rate for PADI professionals at work for the 10-year period 1999-2008 was 1.1 
per 100,000 members.

Table 25: Fatal injuries involving a PADI professional at work worldwide (including Japan), 1999-2008
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Table 26 provides detail regarding cause of death for fatalities involving a PADI professional at work for the 10-year period 
1999-2008.

Table 26: Fatalities Involving a PADI professional at work worldwide (including Japan), 1999–2008
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Table 26 (continued)
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Table 26 (continued)

Discussion
Safety is the degree to which risks are judged acceptable. Scuba diving is a reasonably safe activity and is categorized as 
such based on the concept of acceptable risk. It is difficult to define precisely what is considered acceptable risk for all 
involved groups. Risk depends on the probability and severity of the injury, so the likelihood of a diver suffering an ear 
injury, near drowning, air embolism, DCS or a fatality all vary in probability and most certainly severity.

In addition, various personal and social value judgments affect the perception and reputation of any given activity. 
Acceptable risk is defined by several factors, including prevailing professional practices, reasonableness and the highest 
practical protection and lowest practicable exposure. The skill and experience level of the individual involved also affects 
the insight and ability of that person accepting a risk.

The PADI system of diver education along with various statements of understanding, safe diving practices waivers and 
liability releases (see Appendix 2 at the end of this paper) combine to present to an individual that diving has an element 
of risk and that the severity of that risk can have catastrophic consequences, however unlikely. Informing the diver of this 
is in everyone’s best interest and the morally and ethically right thing to do. Intelligent people make the personal choice to 
accept risks on their own every day, and this also applies to scuba diving.

For the instructional and professional training community, adhering to standards and always being safety conscious when 
supervising or diving with others helps decrease the probability of an accident or incident from occurring, although it  
does not eliminate the probability altogether. A disciplined adherence to effective risk-management principles assists by 
increasing safety and minimizing risks to oneself and the divers under supervision.

Properly trained divers have skills, experience and knowledge that limit them to engage in diving conditions similar to 
their training environment with a buddy. The PADI organization recommends additional training to increase skill and 
experience levels and to become familiar with different conditions and environments. Quality training, continuing  
education and experience, proper attitude and judgment, environmental orientation and adherence to proven safe diving 
practices will all help ensure that scuba diving remains a reasonably safe activity. After certification, ultimate responsibility 
for safety rests with individual divers to take responsibility for themselves.
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The vast majority of people who scuba dive do so without negative consequences. However, because of the probability of 
various injuries and risks involved, we must realize that accidents and injuries will occur despite best practices. It is incum-
bent upon divers to exercise prudent and wise judgment in every environment and circumstance they encounter, and that 
safety and personal well-being is placed above all else. Positive peer pressure, safety-conscious diving “tribes” and respon-
sible diving community efforts can all be effective in mitigating risk. Additionally, fatalities for cardiac arrest were the cause 
of death in more than 31 percent of the cases examined.

Ideally, safety is freedom from risk. Unfortunately, this ideal is not possible, and risk is unavoidable in any sport or activity, 
and scuba diving is no exception. Good judgment, mental and physical readiness and adequate training will help ensure 
that risks are judged as acceptable and diving will remain reasonably safe as long as divers apply these practices. As pro-
fessionals we must make these statistics as the basis for our personal commitment to diving safety and education. If we 
understand the risks that have caused or contributed to diver deaths, we may be more effective in influencing the attitude 
and judgment of those divers we train. While we may never be able to reduce the number of scuba-diving-related fatalities 
to zero, as a community we must never cease in our efforts to strive toward this goal.

Conclusion
The vast pool of data reflects an improvement in participant safety from the first decade to the second. This is a testimony 
of the commitment to the design, implementation, conduct and monitoring of quality diver training and the effort placed 
into upholding standards in the field.
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Appendix 1. PADI Code of Practice (PADI, 2010)

Membership Commitment — Code of Practice
As a PADI Professional, you enjoy a rewarding role — teaching and introducing others to scuba diving. You have the 
chance to change lives for the better and to experience things most humans will never have the opportunity to enjoy. With 
this ability comes a very important obligation to your students, clients and all those who come to you to be taught or led 
underwater: You are responsible for the safety of others.

As a PADI Member, you agree to the following:

  1.	 Put the safety of diving clients and students as your first priority and responsibility. In doing so, abide by the require-
ments and intent of PADI Standards and Procedures in the PADI  Instructor Manual, PADI’s Guide to Teaching, 
Training Bulletin and other updates while applying your best judgment during the PADI courses and programs you 
conduct.

  2.	 Although scuba diving is a reasonably safe activity when safety rules are followed, the risks/consequences of scuba  
diving can lead to very serious injuries. Be safety minded, safety conscious and practice instructing and divemastering 
professionally.

  3.	 Perform a personal readiness self-assessment before you teach or lead others on dives. This includes evaluating your 
physical health and fitness for diving as well as your ability to supervise and respond to diver emergencies on that day 
and at that location. Evaluate the dive conditions and environment, and determine if you’re ready and familiar enough 
with it to teach or lead dives there. Assess your knowledge readiness to teach or lead dives on any given day — to make 
sure that you are familiar with the standards, latest updates and teaching tools for that PADI program and that you’re 
aware of the readiness and abilities of your student divers.

  4.	 When teaching, repetition is good, and over-learning basic skills and breathing control in a variety of conditions takes 
time and practice. Help those you teach and supervise by guiding them through this learning process.

  5.	 Each person has an individual state of mind and comfort level that may be very different from yours and may vary 
greatly between divers in a group. Be willing to cancel a dive for the group or an individual at any time to err on the 
side of safety.

  6.	 Be watchful for signs of diver stress and anxiety, and act quickly and appropriately when you see them.

  7.	 Employ effective group control measures in the water, particularly when supervising novices and children. Carry out 
frequent head counts.

  8.	 Conduct yourself and your PADI-related activities in a professional manner.

  9.	 Represent yourself as a PADI Instructor only when you are in Teaching Status.

10.	 Comply with the intent of the PADI Standard Safe Diving Practices Statement of Understanding while teaching and 
supervising.

11.	 Do not disparage the PADI organization, PADI Members or any other dive industry professionals.

12.	 Exhibit common honesty in your PADI-related activities.

13.	 Cooperate during PADI investigations by responding fully and promptly to inquiries.

14.	 Respect and reinforce the depth and supervisory restrictions as displayed on restricted PADI certification cards, such 
as PADI Scuba Diver and Junior Diver.

15.	 Follow a strict code of conduct and abide by the requirements and intent of the PADI Member Youth Leader’s 
Commitment whenever teaching or supervising children.
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16.	 Follow a professional code of practice toward the environment, and abide by the practices and intent of Project 
AWARE’s Ten Ways a Diver Can Protect the Underwater Environment in all PADI-related activities.  
(See projectaware.org)

17.	 Accept that a criminal conviction involving abuse of a minor either during or prior to PADI Membership is grounds 
for denial or termination of PADI Membership.

18.	 Accept that a criminal conviction involving sexual abuse of an adult either during or prior to PADI Membership is 
grounds for denial or termination of PADI Membership.

19.	 Do not substitute other courses and programs for PADI, DSAT and EFR programs advertised.

If you breach the Code of Practice, your PADI Membership is at risk.
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Appendix 2. PADI Safe Diving Practices Statement of Understanding,  
Release and Assumption of Risk Agreement and Medical Release

 STANDARD SAFE DIVING PRACTICES
 STATEMENT OF UNDERSTANDING

Please read carefully before signing.

This is a statement in which you are informed of the established safe diving practices for skin and scuba diving. These practices 
have been compiled for your review and acknowledgement and are intended to increase your comfort and safety in diving. Your 
signature on this statement is required as proof that you are aware of these safe diving practices. Read and discuss the statement 
prior to signing it. If you are a minor, this form must also be signed by a parent or guardian.

 I, _______________________________________________________________________ , understand that as a diver I should:
 (Print Name)

 1. Maintain good mental and physical fitness for diving. Avoid being under the influence of alcohol or dangerous drugs 
when diving. Keep proficient in diving skills, striving to increase them through continuing education and reviewing 
them in controlled conditions after a period of diving inactivity, and refer to my course materials to stay current and 
refresh myself on important information.

 2. Be familiar with my dive sites. If not, obtain a formal diving orientation from a knowledgeable, local source. If diving 
conditions are worse than those in which I am experienced, postpone diving or select an alternate site with better 
conditions. Engage only in diving activities consistent with my training and experience. Do not engage in cave or 
technical diving unless specifically trained to do so.

 3. Use complete, well-maintained, reliable equipment with which I am familiar; and inspect it for correct fit and function 
prior to each dive. Have a buoyancy control device, low-pressure buoyancy control inflation system, submersible pres-
sure gauge and alternate air source and dive planning/monitoring device (dive computer, RDP/dive tables—which-
ever you are trained to use) when scuba diving. Deny use of my equipment to uncertified divers. 

 4. Listen carefully to dive briefings and directions and respect the advice of those supervising my diving activities. Recog-
nize that additional training is recommended for participation in specialty diving activities, in other geographic areas 
and after periods of inactivity that exceed six months.

 5. Adhere to the buddy system throughout every dive. Plan dives – including communications, procedures for reuniting in 
case of separation and emergency procedures – with my buddy.

 6. Be proficient in dive planning (dive computer or dive table use). Make all dives no decompression dives and allow a 
margin of safety. Have a means to monitor depth and time underwater. Limit maximum depth to my level of training 
and experience. Ascend at a rate of not more than 18 metres/60 feet per minute. Be a SAFE diver – Slowly Ascend 
From Every dive. Make a safety stop as an added precaution, usually at 5 metres/15 feet for three minutes or longer.

 7.  Maintain proper buoyancy. Adjust weighting at the surface for neutral buoyancy with no air in my buoyancy control 
device. Maintain neutral buoyancy while underwater. Be buoyant for surface swimming and resting. Have weights 
clear for easy removal, and establish buoyancy when in distress while diving. Carry at least one surface signaling 
device (such as signal tube, whistle, mirror).

 8. Breathe properly for diving. Never breath-hold or skip-breathe when breathing compressed air, and avoid excessive 
hyperventilation when breath-hold diving. Avoid overexertion while in and underwater and dive within my limitations.

 9. Use a boat, float or other surface support station, whenever feasible.

 10. Know and obey local dive laws and regulations, including fish and game and dive flag laws.

I have read the above statements and have had any questions answered to my satisfaction. I understand the importance and pur-
poses of these established practices. I recognize they are for my own safety and well-being, and that failure to adhere to them can 
place me in jeopardy when diving.

 ___________________________________________________________ ________________________ 
 Participant’s Signature Date (Day/Month/Year)

 ___________________________________________________________ ________________________ 
 Signature of Parent or Guardian (where applicable) Date (Day/Month/Year)

 PRODUCT NO. 10060   (Rev. 5/09)  Version 2.0    © PADI 2009
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LIABILITY RELEASE AND 
ASSUMPTION OF RISK AGREEMENT

Please read carefully and fill in all blanks before signing.

I, __________________________________________, hereby affirm that I am aware that skin and scuba diving have inherent risks which
Participant Name

may result in serious injury or death.

I understand that diving with compressed air involves certain inherent risks; including but not limited to decompression sickness, embolism or
other hyperbaric/air expansion injury that require treatment in a recompression chamber. I further understand that the open water diving trips
which are necessary for training and for certification may be conducted at a site that is remote, either by time or distance or both, from such a
recompression chamber. I still choose to proceed with such instructional dives in spite of the possible absence of a recompression chamber in
proximity to the dive site.

I understand and agree that neither my instructor(s), __________________________________________________, the facility through which

I receive my instruction, ___________________________________________________, nor PADI Americas, Inc., nor its affiliate and sub-
Facility Name

sidiary corporations, nor any of their respective employees, officers, agents, contractors or assigns (hereinafter referred to as “Released 
Parties”) may be held liable or responsible in any way for any injury, death or other damages to me, my family, estate, heirs or assigns that
may occur as a result of my participation in this diving program or as a result of the negligence of any party, including the Released Parties,
whether passive or active.

In consideration of being allowed to participate in this course (and optional Adventure Dive), hereinafter referred to as “program,” I hereby
personally assume all risks of this program, whether foreseen or unforeseen, that may befall me while I am a participant in this program
including, but not limited to, the academics, confined water and/or open water activities.

I further release, exempt and hold harmless said program and Released Parties from any claim or lawsuit by me, my family, estate, heirs or
assigns, arising out of my enrollment and participation in this program including both claims arising during the program or after I receive my
certification.

I also understand that skin diving and scuba diving are physically strenuous activities and that I will be exerting myself during this program,
and that if I am injured as a result of heart attack, panic, hyperventilation, drowning or any other cause, that I expressly assume the risk of
said injuries and that I will not hold the Released Parties responsible for the same. 

I further state that I am of lawful age and legally competent to sign this liability release, or that I have acquired the written consent of my
parent or guardian. I understand the terms herein are contractual and not a mere recital, and that I have signed this Agreement of my own
free act and with the knowledge that I hereby agree to waive my legal rights. I further agree that if any provision of this Agreement is found to
be unenforceable or invalid, that provision shall be severed from this Agreement. The remainder of this Agreement will then be construed as
though the un-enforceable provision had never been contained herein.

I understand and agree that I am not only giving up my right to sue the Released Parties but also any rights my heirs, assigns, or bene-
ficiaries may have to sue the Released Parties resulting from my death. I further represent I have the authority to do so and that my heirs,
assigns, or beneficiaries will be estopped from claiming otherwise because of my representations to the Released Parties.

I, _____________________________________, BY THIS INSTRUMENT AGREE TO EXEMPT AND RELEASE MY INSTRUCTORS,
Participant Name

____________________________________________________, THE FACILITY THROUGH WHICH I RECEIVE MY INSTRUCTION,

_______________________________________________________, AND PADI AMERICAS, INC. AND ALL RELATED ENTITIES AS
Facility Name

DEFINED ABOVE, FROM ALL LIABILITY OR RESPONSIBILITY WHATSOEVER FOR PERSONAL INJURY, PROPERTY DAMAGE
OR WRONGFUL DEATH HOWEVER CAUSED, INCLUDING BUT NOT LIMITED TO THE NEGLIGENCE OF THE RELEASED
PARTIES, WHETHER PASSIVE OR ACTIVE.

I HAVE FULLY INFORMED MYSELF AND MY HEIRS OF THE CONTENTS OF THIS LIABILITY RELEASE AND ASSUMPTION OF
RISK AGREEMENT BY READING IT BEFORE I SIGNED IT ON BEHALF OF MYSELF AND MY HEIRS.

__________________________________________________________ ______________________________
Participant Signature Date (Day/Month/Year)

__________________________________________________________ ______________________________
Signature of Parent of Guardian (where applicable) Date (Day/Month/Year)

PRODUCT NO. 10072  (Rev. 3/06)  Version 4.02 © PADI  2006
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MEDICAL STATEMENT
Participant Record (Confidential Information)

This is a statement in which you are informed of some potential risks
involved in scuba diving and of the conduct required of you during the
scuba training program. Your signature on this statement is required for
you to participate in the scuba training program offered

by_____________________________________________________and
Instructor

_______________________________________________located in the
Facility

city of_______________________, state/province of _______________.

Read this statement prior to signing it. You must complete this
Medical Statement, which includes the medical questionnaire section, to
enroll in the scuba training program. If you are a minor, you must have
this Statement signed by a parent or guardian.

Diving is an exciting and demanding activity. When performed
correctly, applying correct techniques, it is relatively safe. When

established safety procedures are not followed, however, there are
increased risks.

To scuba dive safely, you should not be extremely overweight or
out of condition. Diving can be strenuous under certain conditions. Your
respiratory and circulatory systems must be in good health. All body air
spaces must be normal and healthy. A person with coronary disease, a
current cold or congestion, epilepsy, a severe medical problem or who is
under the influence of alcohol or drugs should not dive.  If you have
asthma, heart disease, other chronic medical conditions or you are tak-
ing medications on a regular basis, you should consult your doctor and
the instructor before participating in this program, and on a regular basis
thereafter upon completion. You will also learn from the instructor the
important safety rules regarding breathing and equalization while scuba
diving. Improper use of scuba equipment can result in serious injury. You
must be thoroughly instructed in its use under direct supervision of a
qualified instructor to use it safely.

If you have any additional questions regarding this Medical
Statement or the Medical Questionnaire section, review them with your
instructor before signing.

Please read carefully before signing.

The purpose of this Medical Questionnaire is to find out if you should be exam-
ined by your doctor before participating in recreational diver training. A positive
response to a question does not necessarily disqualify you from diving. A positive
response means that there is a preexisting condition that may affect your safety
while diving and you must seek the advice of your physician prior to engaging in
dive activities.

Please answer the following questions on your past or present medical history
with a YES or NO. If you are not sure, answer YES. If any of these items apply to
you, we must request that you consult with a physician prior to participating in
scuba diving. Your instructor will supply you with an RSTC Medical Statement and
Guidelines for Recreational Scuba Diver’s Physical Examination to take to your
physician.

_____ Could you be pregnant, or are you attempting to become pregnant?

_____ Are you presently taking prescription medications? (with the exception of
birth control or anti-malarial)

_____ Are you over 45 years of age and can answer YES to one or more of the
following?
•  currently smoke a pipe, cigars or cigarettes
•  have a high cholesterol level
•  have a family history of heart attack or stroke
•  are currently receiving medical care
•  high blood pressure
•  diabetes mellitus, even if controlled by diet alone

Have you ever had or do you currently have…

_____ Asthma, or wheezing with breathing, or wheezing with exercise?

_____ Frequent or severe attacks of hayfever or allergy?

_____ Frequent colds, sinusitis or bronchitis?

_____ Any form of lung disease?

_____ Pneumothorax (collapsed lung)?

_____ Other chest disease or chest surgery?

_____ Behavioral health, mental or psychological problems (Panic attack, fear of
closed or open spaces)?

_____ Epilepsy, seizures, convulsions or take medications to prevent them?

_____ Recurring complicated migraine headaches or take medications to pre-
vent them?

_____ Blackouts or fainting (full/partial loss of consciousness)?

_____ Frequent or severe suffering from motion sickness (seasick, carsick,
etc.)?

_____ Dysentery or dehydration requiring medical intervention?

_____ Any dive accidents or decompression sickness?

_____ Inability to perform moderate exercise (example: walk 1.6 km/one mile
within 12 mins.)?

_____ Head injury with loss of consciousness in the past five years?

_____ Recurrent back problems?

_____ Back or spinal surgery?

_____ Diabetes?

_____ Back, arm or leg problems following surgery, injury or fracture?

_____ High blood pressure or take medicine to control blood pressure?

_____ Heart disease?

_____ Heart attack?

_____ Angina, heart surgery or blood vessel surgery?

_____ Sinus surgery?

_____ Ear disease or surgery, hearing loss or problems with balance?

_____ Recurrent ear problems?

_____ Bleeding or other blood disorders?

_____ Hernia?

_____ Ulcers or ulcer surgery ?

_____ A colostomy or ileostomy?

_____ Recreational drug use or treatment for, or alcoholism in the past five
years?

Divers Medical Questionnaire
To the Participant:

The information I have provided about my medical history is accurate to the best of my knowledge. I agree to accept 
responsibility for omissions regarding my failure to disclose any existing or past health condition.

_______________________________________ _________________ _______________________________________ _________________
Signature Date Signature of Parent or Guardian Date

PRODUCT NO. 10063 (Rev. 06/07) Ver. 2.01 © PADI 1989, 1990, 1998, 2001, 2007

© Recreational Scuba Training Council, Inc. 1989, 1990, 1998, 2001, 2007Page 1 of 6
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“Various contentions that the 
U.S. diver population has been 
overstated draw upon arguably 
erroneous assumptions, which 

have been quoted popularly 
within the dive community over 

the past 25 years.”

Models for Estimating the Diver Population 
of the United States: An Assessment 

Al Hornsby
PADI Worldwide
30151 Tomas Street
Rancho Santa Margarita, CA 92688 USA

The debate over the diver population in the United States is a significant and difficult 
issue, especially as it relates to the establishment of a reliable fatality rate for diving. 
The primary cause of this difficulty is the lack of a unified model in place for consis-
tently discussing such a population. Part of the problem is that even the definition of 
this population varies; it has also been made even more difficult through arguments 
that the diver population has been overstated by the dive industry. The publica-
tion of such positions and the various assumptions supporting them have been 
more frequently (but not necessarily more appropriately) referenced in medical and 
scientific literature concerning the diver population and fatality rates. The purpose of 
the assessment reported by this paper is to compare the assumptions of the debates 
questioning the historical U.S. diver population estimates to the empirically derived 
population model developed by the National Underwater Accident Data Center 
(NUADC–McAniff), from which the estimates were originally derived. The goal 
was to determine which estimate methodology is the most credible for application to 
medical and scientific literature. An examination of the common debates’ arguments 
and assumptions found that they typically lacked empirical bases and applied flawed 
assumptions; the NUADC model, by contrast, was found to have strong empirical 
bases and independent empirical support. 

The Diver Population Debate 
Various contentions that the U.S. diver population has been overstated draw upon 
arguably erroneous assumptions, which have been quoted popularly within the 
dive community over the past 25 years. These include: 

1.  Diver drop-out rates
The assumption that divers in the United States “drop out” of diving (i.e., cease 
participation in diving) at a rate of 80 percent in the first year following entry-
level certification enjoys an “urban-legend” level of acceptance within the dive 
industry despite a lack of established empirical or statistical bases. Two indepen-
dent, large-scale and highly credible research studies — the Diagnostic Research 
Inc. (DRI) 1987 “Diver Erosion Study” and the Daniels and Roberts (D&R) 
2006 “Profile of the Most Active Divers in the US: Lifestyle and Demographics 
Study,” both commissioned by the Diving Equipment and Marketing Association 
(DEMA) — contradict this assumption.

The 1987 DRI study found divers becoming inactive (“dropping out”) at a rate 
of 15 percent after 12 months from certification, 23 percent after 24 months, 33 
percent after 36 months and 53 percent after 48 months. To remain in the popula-
tion required the participant to have dived within the previous 12 months. D&R’s 
2006 findings, nearly 20 years later, were similar. It found a “half-life” for divers 
of five years, “meaning that 50 percent of the people certified in any given year 
will have stopped diving by the end of the fifth year.” Further, the 2006 D&R study 
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“The application of these  
empirically derived data to 

diver certification numbers over 
the years would support a  
sizeable, long-term diver  

population and contradicts  
an 80 percent first-year  

erosion rate.”

found that approximately one-third of divers had been certified prior to 1995, can 
be traced back for 20 years and can be considered “vestigial” divers. 

A more recent study, the Tauchsport-Industrieverband (tiv) 2010 “FVSF-
Research Report No. 31, Diving in the Future,” further supported these findings, 
concluding that the erosion rate for divers in Germany was 10 percent per annum 
for divers who did not own their own equipment and 8.5 percent per annum for 
divers who did own their own equipment. 

Similarly, the 1998 Leisure Trends “Track on Scuba” found that 14 percent of the 
diver population had been diving from 10 to 19 years. 

The application of these empirically derived data to diver certification numbers 
over the years would support a sizeable, long-term diver population and contra-
dicts an 80 percent first-year erosion rate. 

2.  Diver certification duplication
Another assertion has been of claims of significant duplication among certifica-
tions — that divers hold significant numbers of “dual” or multiple training orga-
nization certifications for the training, thereby inflating the estimated number 
of divers. However, the ongoing DEMA Certification Census appears to negate 
this contention. The current Certification Census is a third-party source for diver 
certification data, with present participation by the Professional Association of 
Diving Instructors (PADI), Scuba Schools International (SSI) and Scuba Diving 
International (SDI) and has included the National Association of Underwater 
Instructors (NAUI) in the past. Its process identifies and removes duplicate names 
and addresses across all organizations (and within each organization’s reports) 
and has found the total duplication rate to average approximately 1 percent. These 
data show that dual certifications do not appear to exist in sufficient numbers to 
significantly overinflate diver population estimates.

3.  Inclusion of only “active divers”
Another confusing element has been the argument that only “active divers” — with 
some minimum number of dives per year — should be counted in a population 
model, resulting in a further debate about what level of activity an “active diver” 
must have. While this is a legitimate area of inquiry for other purposes, it has no 
application in establishing a population figure to be used as the denominator for 
overall diver fatality rates. In any fatality rate study, if an individual can be counted 
as a fatality, that same individual must be part of the population. For this reason, 
population models that count only those with some specified level of activity are 
inherently inappropriate for determining fatality rates that count all diver fatalities. 
When considering introductory scuba experiences, for example, (participants are 
not certified and therefore are not normally counted in diver population models), 
this is a significant omission. Based upon the results of a 2003 study by the Flexo 
Hiner & Partners research firm, PADI can estimate approximately 220,000 intro-
ductory scuba participants (those with U.S. residence addresses) annually within 
its program alone. This large group of diving participants (whose numbers refresh 
annually on an ongoing basis), while not typically counted in diver population esti-
mates, are typically included in diver fatality counts when the unfortunate incident 
occurs. The result is a statistically invalid rate. 

The overall result of applying these common, empirically flawed assumptions to 
U.S. diver population models has been the publication of diver estimates as low as 
700,000. Obviously, the resulting effect on estimated fatality rates is significant. 
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The NUADC – McAniff Population Model 
The most commonly referenced diver population figure historically used by the 
dive industry puts the U.S. diver population in the range of 2.7 to 3.5 million par-
ticipants. This estimate was based on supporting and corroborative empirical ele-
ments. It was initially derived from recreational diving’s longest-term diver fatality 
study, the University of Rhode Island’s National Underwater Accident Data 
Center (NUADC) program carried out by John McAniff from 1970 through 1994. 
McAniff established both a population model and fatality rate, summarized in the 
report “An Analysis of Recreational, Technical and Occupational Populations and 
Fatality Rates in the United States, 1970–1994” (July 1995). Over the course of 
the NUADC program, McAniff (whose seminal work is frequently referenced in 
the literature regarding historical dive accident data) published a report annually, 
which included both fatality numbers and, as of 1980, rates calculated upon an 
ongoing diver population model of his design (retroactive to 1970). This work 
continued until the program was absorbed by Divers Alert Network (DAN); the 
population model and fatality-rate calculations were not carried forward by DAN. 

For the U.S. diver population estimate, he used direct certification reporting from 
the major diver training organizations. (YMCA, NAUI and PADI cooperated with 
the NUADC study at various times; PADI, for example, contributed U.S. entry-
level certification numbers annually throughout the program.) He also used other 
data, including an early study titled “An Analysis of the Civil Diving Population of 
the United States” (approximately 1975), insurance and membership information 
from the Underwater Society of America, and other sources. He also derived and 
applied an erosion curve. By maintaining the same approach over the 25 years 
of his study, McAniff established, at least within the parameters of his data and 
assumptions, a consistently based, empirically derived population model. 

In 1995, as referenced in “An Analysis of Recreational, Technical and 
Occupational Populations and Fatality Rates in the United States, 1970–1994,” 
McAniff took the additional step of applying the 1987 DRI Diver Erosion Study 
data to his population data history to establish a new population range model. 
His original model was consistent with the new and fit within the new range. He 
subsequently estimated the population of scuba divers in the United States as of 
1995 at 2.7 to 3.5 million. This has been the industry’s most frequently quoted 
diver population figure. 

McAniff ’s U.S. diver population estimate has performed remarkably well relative 
to other ongoing empirical diver population studies and reports. 

•	 National Safety Council 1991 Accident Facts — 2.6 million

•	 National Sporting Goods Association (NSGA) 1994 “Sports Participation 
Study” — 2.378 million (but excludes Hawaii and Alaska)

•	 NSGA 1998 “Sports Participation Study” — 2.558 million 

•	 American Sports Data Inc. 1999 “Superstudy of Sports Participation” — 3.2 million 

•	 Media Mark Research Inc. 1999 “MRI Sports Trends: Total Scuba Diving 
Participation” — 2.5 million 

•	 Sporting Goods Manufacturers Association (SGMA) 2006 “USA Sports 
Participation Study” — 2.96 million 

•	 SGMA 2008 “USA Sports Participation Study” — 3.216 million
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The Status of the McAniff Model Since 1995 
With McAniff ’s retirement, the updating of his diver population and fatality rate 
model ceased. However, the empirical data available through ongoing diver popula-
tion studies continue to support the model’s last (as of 1995) population estimate. 
Further, given U.S. entry-level diver certifications since 1994, based on the DEMA 
Certification Census and PADI’s entry-level diver certification history, it does not 
seem unreasonable to expect that the U.S. diver population as of 2010 remains within, 
or close to, the 2.7 to 3.5 million range estimated through McAniff’s model in 1995. 

Conclusion 
While there have been varying opinions and assertions regarding estimates of the 
U.S. diver population, many of these lack empirical support and appear flawed 
with respect to their use in estimating diver incident and fatality rates. By con-
trast, the model created by McAniff is based on credible data and methodology 
and is empirically supported by a continuing series of independent, diver popula-
tion estimates and corroborations of critical assumptions. Therefore, it appears 
that McAniff ’s estimate is currently the most suitable figure for use in scientific 
and medical analyses that require a diver population estimate. Further, it appears 
that the effort to update the model through the addition of the applicable diver 
certification data for the years since 1994 would be an important step in deriving 
an accepted diver population model and estimate for the United States.
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Discussion
UNIDENTIFIED SPEAKER: I have my ex-dive-shop owner hat on. The 225,000 “try” divers a year, where did they go? 
Because, you know what, I taught 197 to dive every year for seven years. Are we scaring them off in the try dive?

AL HORNSBY: I can tell you where a portion of them go. I do not know. It is a phenomenon that we are finding, a recent 
study we did, that some number of them are continuing to do try dives every year and consider themselves divers. We find 
they have done a DSD three or four years in a row. They like that supervised, comfortable diving experience, and that is 
what happened. We have others who tried it, did it, they are gone. It is hard to say.

KEN KURTIS: Mentioned earlier today, I enjoy looking at the statistics we have and comparing how each has their own 
way of validating each thing. I get the Leisure Trends quarterly reports. Some of you do not get that. That is an estimate of 
what the industry sells. I think the annual total now is around $750 million. If we take 3 million, round numbers, as the 
number of active divers and divide that into $750 million, which are all dollars that flow through dive shops, travel, masks, 
training, etc. — does not include stuff you book yourself — we have an average expenditure per diver of $250. Something 
we know about this industry is wrong. We are pretty sure that divers do not spend just $250 a year. Something is out of 
whack somewhere.

HORNSBY: Could be. I think one of the things with the Leisure Trends study — DEMA was involved with them back in 
my tenure there — and one of the reasons that the relationship ended is that their sample size was extremely small, these 
days fewer than 100 stores. So it is an extrapolation based on a very small sample size. Again, I am not to say it is not valid, 
but that could be a part of this. And, again, the estimate that we are working from, it also is based on — it is what it is. It is 
what it was based upon. I just think that going forward is the important part.

DR. RICHARD VANN:  I have one final comment. All of John McAniff ’s diving fatality reports are now on the Rubicon 
website (http://archive.rubicon-foundation.org) and available to everyone.
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Participants in the training panel were concerned before the workshop that the 
discussions might increase their liability, and several training agencies declined 
to attend. To allay these worries insofar as possible, discussions by the panel were 
not recorded. The topics discussed are listed below. 

1. Running out of gas
Running out of gas is strongly associated with fatalities due to asphyxia and cere-
bral arterial gas embolism (CAGE). What might be done regarding equipment, 
training, diving operations or community development to make insufficient gas 
less likely?

2. Dive computers
Should entry-level divers be trained to use only dive tables, only dive computers, 
both tables and computers or either tables or computers?

3. Entanglement and entrapment
Entanglement or entrapment is common in fatalities involving asphyxia. What 
might be done regarding equipment, training, diving operations or community 
development to reduce the occurrence of entanglement or entrapment? 

4. Overtraining
Running out of gas, emergency ascent, entanglement, equipment trouble, buoy-
ancy trouble and rough water were risk factors associated with injuries leading to 
death. These occurred despite training. Might “overtraining” (excess skill repeti-
tion during training to make skills automatic/instinctive in emergencies) during 
initial training be applied to some skills to reduce the occurrence of the risk 
factors listed above?

5. Deepest training dive
Should a dive instructor perform one or two shallow training dives with advanced 
open-water (AOW) students before the deep dive to allow assessment of skills and 
comfort in the water? 

6. Refresher training 
Diving inactivity reduces skills performance. Is there a minimal level of diving 
activity that should be maintained before a skills-refresher review or check-out 
dive is desirable? Might instructor refresher training be useful?
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7. Dive conditions and dive site difficulty 
Should dive sites be assigned categories to indicate the level of training, experience, 
health and physical condition needed for a particular site? (This might be similar 
to ski run categories: green circle, blue square, black diamond.) Could this put 
more responsibility on the diver in selecting a particular site? Might regional dive 
conditions be specified as part of certification levels?

8. Diver competency 
Dive accident investigators indicate that diver competency is a frequent problem 
in diving fatalities. Are codes of safety-related principles (such as the Responsible 
Diver Program and similar agency efforts) effective? Can effectiveness be tracked? 

9. Diving operations manuals
Might diving operations manuals (prepared by individual agencies, DEMA or 
RSTC) be useful for providing guidance to dive operators (vessels, resorts, shops, 
dive professionals, etc.) that might reduce the occurrence of risk factors associated 
with fatalities? ISO 24803 might be a model (see comments below).

10. Dive operators
Should dive operators and dive professionals play a stronger role in reinforcing 
critical dive skills during predive briefings? 

11. Hazards and waiver/releases
How are candidate divers informed about specific hazards that can injure or kill 
them? What information should be in a release form that certified divers sign 
before participating in dives conducted by dive operators? Are health questions 
appropriate?

12. Mishap rate comparison
How do the mishap rates for “resort experience” programs compare with those for 
open water certification courses?  Might age (young or old) be a contributing factor? 

13. Training statistics 
Might training agencies submit their annual training statistics to an unbiased 
third party for analysis and reporting in total and without attribution?

14. Quality control 
What are the key factors in dive instructor and dive leader quality-control systems 
for maintaining instructor skills and performance?

15. Instructor retention 
How long (assuming a moderate teaching load) does a dive instructor need 
to work before gaining the experience to handle a wide range of students? Do 
instructors receive adequate motivation to encourage them to continue teaching 
for long enough to ensure that most active instructors have achieved an optimal 
level of experience? 

16. Diver health and fitness assessment
Is it feasible to assess certified divers for health and fitness before diving opera-
tions commence? 
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Editorial Summary of the Training and Operations Consensus Discussion 
Workshop participants were encouraged to base their comments on evidence 
rather than opinion, and a few unsupported opinions led to sharp exchanges. The 
points made were often useful, but the tone was not, so an editorial summary is 
provided below rather than the verbatim transcript. 

•	 Apparent causes associated with diving fatalities have not changed over time 
in remembered history or available data. Causes include running out of gas, 
uncontrolled ascent, entanglement or entrapment, buoyancy trouble, buddy 
separation and lack of common sense. The training objectives divers are  
taught by the industry were agreed to be sensible, and data for training dives 
suggested greater safety than for dives after training, but divers who died 
often did not follow their lessons. Equipment was sometimes misused because 
accepted procedures were forgotten, weren’t learned in the first place or the 
equipment had shortcomings. Reasons and solutions suggested for the problems 
are listed below. 

•	 Longer training courses with more dives are needed. This was disputed, but 
evidence to settle the issue wasn’t available. 

•	 Skills refreshers were widely considered to be important. Methods for refresh-
ing skills included check-out dives, buoyancy-control practice, alternate-
air-source practice and briefings to emphasize avoiding buddy separation. 
Discussion of requalification for certified divers who had not dived in some 
time was unproductive.

•	 Entanglement could be prevented by carrying a cutting device. Entrapment 
could be prevented by avoiding overhead environments unless properly 
trained. 

•	 Low-air and dive-computer alarms with triple redundancy (visual, vibration 
and audio) were suggested, but another opinion indicated that alarms rarely 
prevent problems. 

•	 Instructors should be better role models for students and avoid setting bad 
examples. Certification cards were sometimes issued to inadequately prepared 
students. No supporting data were offered, and these opinions were disputed.

•	 As decompression table use is now rare, more training with dive computers was 
suggested. 

•	 Instructors were encouraged to pre-assess their students for readiness prior to a 
deep dive in advanced courses. 

•	 Individuals who dive infrequently after training may not retain their skills and 
may be at greater risk of dying, particularly in the first 20 dives after training. 
This opinion was offered without evidence. Dr. David Colvard reported surveys 
that indicated the number of dives made in the past 12 months was not a factor 
in panic (Colvard, 2003). 

•	 Fatalities were sometimes associated with dive sites that were beyond the 
diver’s training, experience and physical capability, particularly when an 
individual continued diving after a significant change in health. Discussion 
indicated that divers must make their own decisions about whether a given site 
was appropriate for them, but these decisions would be assisted if information 
on specific dive site challenges were available. 
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•	 Suggestions for reducing poor judgment included emphasizing diving hazards 
and establishing a “safety culture” that used peer pressure to promote common 
sense and safe behaviors. Industry-wide information programs for the div-
ing public were suggested, perhaps could be disseminated by the Recreational 
Scuba Training Committee (RSTC). 

•	 Training agencies were encouraged to assemble statistics for investigation of 
diver and instructor erosion and to cooperate in developing diver population 
estimates. Periodic review of fatality data was suggested for investigating diver 
experience including the number of dives by individuals, the years diving and 
the interval since the most recent dive. 

•	 The U.S. Underwater Diving Fatality Reports (McAniff, URI) are available for 
download on Rubicon (www.rubicon-foundation.org). The original data are 
stored at DAN America.

•	 Dive operators and trainers were encouraged to be familiar with ISO 24803, 
“Recreational diving services — requirements for recreational scuba diving 
service providers” (see www.iso.org). This document covers basic international 
standards for training and education, dive guiding and equipment rental. 

•	 Diving fatality investigations need improvement to provide better data for 
understanding underlying causes. A course for first responders in diving  
fatality investigation might prepare more knowledgeable investigators. Central 
collection of fatality case data by each country was recommended with periodic 
data pooling and analysis.

•	 The U.S. Coast Guard (USCG) is developing an investigation checklist. 
Checklist distribution might be managed through USCG sectors who know 
the local diving and emergency response communities. Turnover of USCG 
personnel can make continuity difficult. Coordination with USCG Sector 545, 
Washington HQ, would be helpful as they receive data collected by regional 
sectors. 

References
Colvard, DF and Colvard LY. A Study of Panic in Recreational Divers. The Undersea 
Journal, First quarter 2003, pp. 40-44.

http://archive.rubicon-foundation.org



174  •  Recreational Diving Fatalities Workshop Proceedings	 THE CARDIOVASCULAR SYSTEM AND DIVING RISK

“While both commercial  
and military diving have  
physicians trained and  

committed to supporting their 
operations, recreational  

divers often present  
themselves to community  

physicians who are not experts 
in this area of medicine.”
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Recreational scuba diving is a sport that requires a certain physical capacity in 
addition to consideration of the environmental stresses produced by increased 
pressure, low temperature and inert gas kinetics in tissues of the body. Factors that 
may influence ability to dive safely include age, physical conditioning, tolerance of 
cold, ability to compensate for central fluid shifts induced by water immersion and 
ability to manage exercise demands when heart disease might compromise exercise 
capacity. Patients with coronary heart disease, valvular heart disease, congenital 
heart disease and cardiac arrhythmias are capable of diving, but consideration must 
be given to the environmental factors that might interact with the cardiac disorder. 
Understanding of the interaction of the diving environment with various cardiac 
disorders is essential to providing a safe diving environment to individual divers 
with known heart disease. 

The Diving Environment and the Cardiovascular System 
Recreational scuba diving is a popular sport that had its beginnings in the early 
1950s. It has grown over the past 60 years into a well-established recreational sport 
that involves an estimated 3 million divers in the United States. Besides recreational 
applications, diving has been an active commercial occupation for more than 100 
years and is an important component of marine activity in the U.S. Navy and other 
navies around the world. Special training for physicians through academic and 
military programs has led to an identified specialty (American Board of Preventive 
Medicine 2010). While both commercial and military diving have physicians 
trained and committed to supporting their operations, recreational divers often 
present themselves to community physicians who are not experts in this area of 
medicine. Because of the high prevalence of cardiovascular disease (CVD) in our 
population, many recreational divers or potential divers seek advice from physicians 
regarding their ability to dive with various cardiovascular disorders. 

To understand the interaction of the patient with cardiovascular system disease and 
the diving environment, it is important to elucidate the various stress factors that 
relate to this environment. Divers with CVD are particularly prone to complications 
of their disorders when there are excess physical exercise demands, when environ-
mental factors result in increased blood pressure or when stresses result in increased 
sympathetic activation that can aggravate ischemia or induce abnormal and poten-
tially harmful cardiac arrhythmias. In addition, the unique environment of water 
immersion adds thermal stress — usually cold stress — and the well-documented 
shifts of blood centrally (Arborelius et al. 1972) that can result in enough acute 
volume overload to a compromised heart to result in acute decompensated heart 
failure. Several diving-related disorders (lung barotrauma and arterial gas embo-
lism, immersion pulmonary edema) are known to produce fatalities due to direct 
compromise of cardiac function or hypoxemia induced by pulmonary edema. 

These are well known in the diving community, and specific precautions are 
provided to divers to help avoid their occurrence. 

*This paper originally appeared in the 
Undersea and Hyperbaric Medicine Journal 
and is reprinted with permission from the 
Undersea and Hyperbaric Medical Society.

Bove A. The cardiovascular system 
and diving risk. Undersea Hyperb Med. 
38(4):261-269; 2011.
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Population Demographics
The recreational diving community in the United States is heterogenous, involv-
ing male and female divers ranging in age from 8 to 60-plus years old (Denoble, 
Caruso et al. 2008). The current practice of providing lifelong certification means 
that once certified, a diver can have a diving experience spanning many decades 
with no obligation to evaluate state of health or illness as it relates to diving. Many 
divers continue diving into their seventh and eighth decades. This aging popula-
tion of divers has found means to control adverse environments to fit their capacity 
for safe diving in light of reduced physical capacity due to aging or chronic illness. 
Despite these precautions, data from the DAN insurance population (Denoble, 
Caruso et al. 2008) indicates that increased age is associated with a higher diving-
related mortality from both cardiac and other causes. Figure 1 shows the distri-
bution of cardiology-related health questions that were submitted by divers to a 
public dive medicine website (www.scubamed.com) and were answered directly by 
the author (AAB). All these cardiac disorders can result in a diving fatality related 
to heart disease based on the severity of the illness, co-morbidities and the envi-
ronmental stress experienced during diving. 

Figure 1: Cardiac-related queries to the website www.scubamed.com

Note: Total queries over nine years were 750; 156 were related to cardiovascular disease. CABG – coronary artery bypass 
surgery; CHD – congenital heart disease; HF – heart failure; HTN – hypertension; ICD – implanted cardioverter-defibrillator; 
IPE – immersion pulmonary edema; PCI – percutaneous coronary intervention; PFO – patent foramen ovale; TX – heart 
transplant; VHD – valvular heart disease

Physical Work Demands
The studies of Pendergast et al. (1996, 2003) documented the oxygen demands 
of swimming with scuba gear at various speeds. Of note is the nonlinear relation 
between swimming speed and work demand due to the well-known second-order 
relation between drag energy and velocity in water (Batchelor 1967). Pendergast 
et al. provided equations that would allow estimates of oxygen consumption at 
increasing swimming speeds (Figure 2). 
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Figure 2: Oxygen consumption vs. swimming speed for a scuba diver

Note: Curve based on data of Pendergast et al. (1996, 2003).

The demands for swimming ability for safe diving are controversial. In most envi-
ronments, diving exercise demand is not likely to exceed 15-20 feet/minute swim-
ming speed and for recreational diving may reach speeds of only 4-5 feet/minute. 
However, in situations where current or distance is involved, demand could reach 
100 feet/minute (about 1 knot). For a diver to manage usual contingencies (current 
of 0.4-0.5 knots), wind or surface action, oxygen consumption (VO2) demands dur-
ing diving can reach levels of 20 ml/kg/minute (6-7 metabolic equivalents or METs 
(U.S. Navy 2008)). The “maximal steady state” is a workload of about 50 percent of 
maximal oxygen consumption (Levine 2001; Baron et al. 2008) that allows continu-
ous exercise without excess ventilation and without a progressively increasing blood 
lactate (Faude et al. 2009). This state can be sustained for 50-60 minutes, while exer-
cise at 60-70 percent of maximal oxygen consumption in an average-conditioned 
diver cannot be sustained for more than 15-20 minutes (Lepretre et al. 2008). Thus 
a diver with a steady state exercise capacity of 6-7 METs can expect to manage most 
diving contingencies without concern for cardiovascular complications. 

In most occupational exposures requiring increased physical activity, guidelines 
recommend maintaining workloads below 50 percent of maximal oxygen consump-
tion (Levine 2001). Based on this relationship, a diver who is expected to minimize 
safety concerns related to environmental contingencies should have a maximum 
oxygen consumption of 12-13 METs. Divers with a peak exercise capacity below 
that level could expect to dive safely in low-stress conditions (i.e., warm water, mini-
mal currents, minimal surface action) but could develop some evidence of cardio-
vascular limitations under stressful diving conditions. This is likely to be manifested 
as a high ventilation rate with the sensation of dyspnea while breathing through a 
mouthpiece — a situation that can induce a panic reaction. Very young, older or less 
well-conditioned divers and those with cardiovascular disorders that limit exercise 
capacity must develop plans that provide them support (e.g., buddy system) when 
diving conditions are expected to be adverse or plan diving in conditions where the 
likelihood of a high stress load is minimal.

Thermal Stress
Most divers are immersed in water below skin temperature and therefore lose 
body heat during their exposure. In this environment, thermal conduction and 

http://archive.rubicon-foundation.org



THE CARDIOVASCULAR SYSTEM AND DIVING RISK	 Recreational Diving Fatalities Workshop Proceedings • 177

“Possible causes of IPE include 
negative airway pressure due 
to high inspiratory resistance.”

convection are the major pathways for heat loss, and minimizing surrounding 
water contact with the skin is the usual means of protection. The U.S. Navy has 
prescribed the methods for thermal protection of divers in different water tem-
peratures (U.S. Navy 2008). In diving where water temperature is below 50°F, for 
prolonged exposures hot water is circulated to the diver’s suit to maintain thermal 
stability. Recreational divers are exposed to a wide range of water temperatures. 
Diving in northern-hemisphere seas and lakes where water temperature may be 
50°F requires special dive suit protection. However, even when diving in tropical 
regions where water temperature is 80°F, conductive and convective heat loss will 
occur without proper thermal protection. 

Although the cardiac effects of extreme hypothermia are well described (Tipton et 
al. 2004), this situation is rare in recreational diving, and the more likely scenario 
involves the effect of moderately reduced body temperature on the heart and 
circulation. A reduced body temperature induces vasoconstriction in skin and 
skeletal muscle, with increased systemic resistance and increased blood pressure 
(Tipton et al. 2004). In individuals with coronary disease this reaction can induce 
myocardial ischemia with subsequent angina or ischemia-induced arrhythmias.

Immersion
When an individual is immersed in water to the neck, the pressure effects on the 
venous system result in a shift of 600-700 ml of blood centrally (Arborelius et al. 
1972). This shift is managed in the normal heart by the well-described Starling 
mechanism (Sarnoff et al. 1960), but in a compromised left ventricle this amount 
of volume shift can result in acute heart failure. We have encountered a number 
of divers with reduced ejection fraction who developed acute pulmonary edema 
while diving or snorkeling. In addition to acute heart failure known to occur in 
patients with compromised left ventricular function, some divers with normal 
left ventricular function appear to be susceptible to a clinical syndrome similar to 
acute heart failure. 

This phenomenon has been described as immersion pulmonary edema (IPE), 
and presently its cause has not been identified (Slade et al. 2001; Wilmshurst et al. 
1989). Possible causes of IPE include negative airway pressure due to high inspira-
tory resistance. This phenomenon, called negative-pressure pulmonary edema, 
has been described in anesthesia procedures (Bove 2004). Recent data also suggest 
that impairment of left ventricular relaxation can be involved in pulmonary 
edema by causing elevation of left ventricular end diastolic pressure during exer-
cise and subsequent pulmonary venous hypertension (Kato et al. 2008). In most 
cases of immersion pulmonary edema, cardiac function is found to be normal 
(Slade et al. 2001).

Review of cardiovascular conditions relevant to diving

Congenital heart disease
The younger population (ages 9-35) is most likely to have cardiovascular-related 
disorders due to congenital heart disease. These can include surgically corrected 
complex congenital heart disease, channelopathies that risk sudden death and 
conduction abnormalities that can compromise normal heart function. Although 
a patent foramen ovale is congenital in origin, it does not contribute to risk for 
sudden death while diving.

Congenital heart disease encompasses a wide range of heart abnormalities, but 
the focus here is on the disorders that risk sudden death while diving. These 
include congenital aortic stenosis or insufficiency; aortic coarctation; and Marfans 
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syndrome, which can result in acute heart failure or aortic rupture while diving. 
Although these disorders may go undetected until adolescence, it is more likely 
that prior examinations have revealed the presence of the disorder, and diving 
clearance involves assessment of severity related to risk. Mild valvular stenosis 
or regurgitation is usually well tolerated. The dilated ascending aorta of Marfans 
disease usually is considered a contraindication to sports, including diving if 
the aortic diameter exceeds 4 cm. The frequent use of the Valsalva maneuver (to 
equalize pressure in the middle ear) in the presence of a thoracic aortic aneurysm 
is risky, as the post-Valsalva surge of blood through the central circulation can 
result in sudden dilatation of the aorta and pose the risk for rupture (Hiratzka et 
al. 2010). Published criteria for sports participation with valvular heart disease 
provide useful guidelines for sport diver clearance (Maron, Zipes 2005). 

Surgically corrected complex congenital heart disease
Survival of children with complex congenital heart disease has improved over 
the past 30 years primarily due to improved surgical methods for correcting the 
abnormalities. The population of adults with congenital heart disease is increas-
ing, and many of these adults are well enough compensated with regard to their 
cardiac performance that they seek medical advice for sport diving. Usual diagno-
ses include Tetralogy of Fallot, pulmonary or right ventricular atresia and trans-
position of the great vessels. Surgical correction for Tetralogy of Fallot leaves the 
subject with adequate exercise tolerance for diving but at risk for serious arrhyth-
mias or sudden death (Vignati et al. 1998; Silka et al. 1998).

Evaluation of these candidates for diving requires careful communication with the 
cardiologist in charge of their long-term care. Correction of transposition often 
leaves the right ventricle (RV) as the systemic ventricle. The RV often fails in the 
third or fourth decade of life due to the chronic mismatch of load (Szymański 
et al. 2009), and the patient may require heart transplantation. These patients 
with poor tolerance to central fluid shifts can develop acute heart failure when 
immersed to the neck. In general, exercise tolerance is limited. However, isolated 
incidences of low-stress diving have been completed successfully in these patients. 
Counseling about risk is essential in these patients if they plan to dive. 

Patients with Fontan shunts from the right atrium to the pulmonary artery do not 
have a functioning right ventricle and are highly dependent on right-atrial pres-
sure being maintained to a very close tolerance (Gewillig et al. 2010). They may 
develop acute heart failure from central fluid shifts, or they may develop a low 
cardiac output syndrome from even mild degrees of dehydration. Either situation 
can quickly degenerate into a lethal outcome. Patients with Fontan shunts have 
been advised to swim for exercise. However, the same fluid shift situation occurs 
in swimming, so those who can tolerate swimming should be able to tolerate low-
stress diving safely. 

Rhythm and conduction abnormalities
Both acquired and congenital abnormalities can threaten safety when diving. 
Dangerous acquired arrhythmias include ventricular tachycardia, often related to 
ischemia or cardiomyopathy and atrial fibrillation, or flutter with uncontrolled heart 
rate. Screening for these abnormalities should include careful physical examination 
of the heart and an electrocardiogram to document abnormal rhythms noted on 
examination.When there is concern for risk of a dangerous arrhythmia, continuous 
ECG monitoring, particularly during exercise, can also provide an assessment of risk. 
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Long QT syndrome
The work of Ackerman et al. (1999) demonstrated a form of the long QT syndrome 
that resulted in risk of sudden death when swimming or water-immersed. This 
effect was detected in a series of individuals who drowned. Clinical detection of the 
long QT syndrome is by electrocardiography, but most diving candidates do not 
have an electrocardiogram as a part of diving clearance. Because of the rarity of this 
disorder, routine screening of recreational diving candidates with an ECG is costly 
and impractical. In subjects with the long QT syndrome, the family history may be 
positive for sudden death in young family members. It is therefore important for 
screening to inquire about family history of sudden death in young family members, 
particularly in females, who are more prone to the syndrome. The channel abnormal-
ity in long QT triggers a particular form of ventricular tachycardia called torsades des 
pointes (Figure 3) that degenerates into ventricular fibrillation (Kaufman 2009).

Figure 3: ECG showing torsades des pointes

Wolf-Parkinson-White Syndrome 
An important congenital conduction defect that can cause sudden death is the 
Wolf-Parkinson-White (WPW) syndrome. This syndrome is the result of an 
accessory conduction fiber that crosses the atrioventricular (AV) ring and allows 
direct conduction of atrial impulses to the ventricle without delay through the AV 
node. A characteristic ECG pattern is noted (Figure 4). Patients with this acces-
sory pathway have a history of palpitations and may develop rapid supraventricu-
lar tachycardias that can deteriorate into ventricular fibrillation. This disorder is 
readily cured by ablation of the accessory bundle, and individuals with normal 
conduction post-ablation are not prone to complications. A history of palpitations 
should trigger further inquiry and an ECG for evaluation. As noted previously, 
routine ECG screening of sport diving candidates would be impractical.

Figure 4: ECG showing WPW syndrome pattern

Note: The short P-R interval (see arrow) is due to pre-excitation.
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Pacers and implanted cardioverter defibrillators
A pacer may be implanted for a number of indications, and most pacers are tested 
to depths of 80-130 feet (Lafay et al. 2008). Divers with pacemakers therefore will 
not damage the pacer at usual sport diving depths. However, the heart disorder 
that required an implanted pacer must be determined, as some disorders may put 
the diver at risk for a serious cardiac event. Cardioverter defibrillators (ICD) are 
implanted in patients at risk for lethal cardiac arrhythmias. Based on this indica-
tion, these patients are at risk for a serious arrhythmia while diving and subsequent 
firing of the ICD. This circumstance is likely to result in drowning, as the diver 
usually becomes disoriented either from the arrhythmia or from the ICD shock.

Heart failure and cardiomyopathy
Patients with significant reduction in left ventricular function (left ventricular 
ejection fraction (LVEF) < 35 percent) are at risk for exacerbation of heart failure 
while diving and development of the syndrome of acute decompensated heart 
failure (ADHF). This disorder, if untreated, will progress to severe metabolic 
derangement and death. As noted above, water immersion itself can provoke 
heart failure due to central blood shifts. Patients with severe reduction in LVEF 
(i.e., < 30 percent) are likely to note significant exercise impairment when diving. 
In general, safety considerations would prohibit diving with severe left ventricu-
lar dysfunction. However, a few divers have managed to perform short dives in 
low-stress conditions without developing ADHF. These patients are also prone 
to lethal arrhythmias, and many have implanted ICDs (see above). Patients with 
hypertrophic cardiomyopathy usually have normal systolic left ventricular func-
tion but are also prone to sudden death, and should be evaluated for risk during 
any form of exercise. A proportion of these patients have ICDs based on prior 
history or clinical assessment of sudden death risk. 

Figure 5: Age-related prevalence of CAD

Coronary disease
For divers older than age 35, the dominant risk for sudden death is from coro-
nary disease. This disorder is the result of vascular injury and atherosclerosis that 
ultimately result in occlusion of a coronary artery, with sudden death in about 
one-third of patients who experience an acute myocardial infarction (AMI). 
Although the incidence of coronary disease death is falling (American Heart 
Association 2010), the rising incidence with age (Figure 5) makes this diagnosis 
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the most important consideration when clearing divers above 35 years old. The 
analysis of cardiovascular-related deaths from the DAN database (Caruso et al. 
2001) indicated that CVD fatalities peaked in the 50- to 60-year age range. Figure 
6 shows the age distribution of diving deaths from cardiovascular disease. The 
reduced number of deaths in the older divers is likely due to the lower number 
of divers above 60 years old. The data of Denoble, Pollock et al. (2008) indicates 
that age above 50 years and male sex are the principal predictors of cardiovascular 
death while diving. The relation between sudden cardiac death and exercise is well 
accepted (Mittleman et al. 1993; Willich et al. 1993). The common scenario is a 
male over age 40 with occult coronary disease, who is subjected to a high exercise 
stress, develops symptomatic ischemia, myocardial infarction or sudden death. 

Figure 6: Diving-related CV deaths reported to DAN

Source: Caruso et al. 2001

The exercise demands of recreational diving should be understood in this context, 
and for individuals suspected to be at risk for coronary disease, screening prior to 
diving is essential to prevent a lethal cardiovascular event.

Screening for coronary disease is based first on assessment of coronary disease 
risk factors (Table 1). 

Table 1: CAD risk factors

Age 
Sex 

Blood pressure 
Blood cholesterol 

Smoking 
Diabetes

Source: Wilson et al. 1998

A commonly used cardiovascular disease risk score is available from longitudi-
nal studies in Framingham, Mass. (Wilson et al. 1998). The Framingham Risk 
Score defines the 10-year risk of developing cardiovascular disease: A risk score 
lower than 10 percent (i.e., less than 1 percent/year risk) is considered to be a low 
score. If a subject is assessed to be at low risk in general, that individual is not 
likely to have an acute coronary event while diving. On the other hand, high-risk 
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individuals (Framingham score >20 percent) could be at considerable risk and 
should have further evaluation to evaluate whether diving will be safe. 

Intermediate-risk individuals with a Framingham score between 10 percent and 
20 percent should have further risk stratification to assess their risk for an acute 
coronary event while diving. There are several choices for defining risk in these 
individuals, but one method that should be incorporated is exercise stress testing, 
as the concern is for an adverse cardiac event during the exercise demands of div-
ing. For most divers in need of risk assessment, an exercise stress test with ECG 
monitoring is adequate to identify concerns related to exercise activity. Added 
imaging (myocardial perfusion or echocardiography) can be used in selected 
cases to improve accuracy of the stress test. Other methods (biomarkers, coronary 
calcium scoring, CT angiography) can be used to assess population-based risk, 
but for an individual, assessment of individual risk under conditions of increased 
stress is best done by functional testing. Individuals who show ischemic changes 
during exercise, particularly if corroborated with a concurrent imaging result, are 
likely to be at increased risk during diving and should have further evaluation, 
and possibly intervention, before considering diving. 

Patients with known coronary disease often have been subject to revasculariza-
tion either by coronary bypass surgery or by percutaneous catheter intervention, 
currently with implantation of one or more stents in the affected coronary arter-
ies. The degree of revascularization can determine safety in diving. With complete 
revascularization, low-stress diving can be accomplished successfully, but diving 
in rough seas, fast currents or cold water would be risky. There are many divers 
who have returned to diving after either coronary bypass surgery or stenting. 
Success in return to diving is based on restored exercise capacity without ischemia 
after revascularization and choosing diving environments that do not produce 
excess stress on the cardiovascular system.

Conclusions
Cardiovascular disease is the third most common cause of death while div-
ing (Denoble, Caruso et al. 2008; Divers Alert Network 2004) and remains the 
principal cause of death in the general population (National Institutes of Health 
2011). While the majority of cardiac disorders are compatible with safe diving, in 
divers with cardiovascular disease consideration of the stress created by adverse 
diving environments must be considered. There are several unique situations 
that involve central blood shifts due to water immersion, arrhythmias induced by 
the aquatic environment and increased exercise demands caused by an adverse 
diving environment that must be considered in individuals with heart disease. 
Inappropriate exposure in an individual with heart disease can lead to a div-
ing fatality. Collaboration between dive physicians and cardiologists caring for 
patients with complex cardiac disorders can often resolve risks and determine the 
safety of diving for individuals with cardiovascular disorders.
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The Cardiovascular Risks of Diving*

Paul D. Thompson, M.D.
Section of Cardiology
Henry Low Heart Center
Hartford Hospital
Hartford, Conn., USA

Cardiovascular disease may be responsible for a quarter of diving fatalities, but 
there are few studies on the cardiovascular complications of this activity. In contrast, 
there is a rich literature on land-based, exercise-related cardiac events. These studies 
document that exercise can increase the risk of acute cardiac events, but that absolute 
risk is small for healthy individuals. There are no proven strategies to reduce exercise-
related cardiac events and consequently no proven strategies that could be confidently 
applied to diving. Nevertheless, requiring a pre-diving medical evaluation and clear-
ance for those with known cardiac disease, training dive personnel to elicit possible 
cardiac prodromal symptoms, and frequent emergency training for diving supervisors 
are prudent approaches to this problem. 

Introduction
Cardiovascular disease (CVD) has been identified as a possible contributing event 
to 156 of 590 (26 percent) diving-related fatalities (Denoble, Caruso et al. 2008). 
There are few studies on the cardiovascular complications of diving, however, 
and many of those available deal with issues related to patent foramen ovale and 
systemic emboli. 

A PubMed search performed in February 2010 using the terms “diving” and 
“cardiac events” yielded 25 publications of which only one (Denoble, Caruso et 
al. 2008) was directly relevant. In contrast, a search using the terms “exercise” and 
“cardiac events” yielded 3,051 publications. Consequently, the present manuscript 
will discuss nondiving exercise-related cardiovascular complications in an attempt 
to suggest strategies that may be useful in reducing diving-related cardiac events. 
This extrapolation of exercise-related cardiovascular events to diving is necessary 
given the paucity of data on cardiac events during diving, but it should be recog-
nized that diving includes additional cardiovascular stressors such as cold expo-
sure, changes in pulmonary compliance and vascular pressures, and centralization 
of blood volumes that do not attend routine exercise. 

Habitual physical activity has repetitively been associated with a reduced inci-
dence of atherosclerotic cardiovascular disease events (Powell et al. 1987; Fletcher 
et al. 1996; Lee, Paffenbarger 2001; Thompson, Buchner, et al. 2003). Nevertheless, 
vigorous physical activity can acutely, albeit transiently, increase the risk of acute 
myocardial infarction (AMI) (Giri et al. 1999; Mittleman et al. 1993) and sudden 
cardiac death (SCD) in young (Corrado et al. 2003) and older (Siscovick et al. 
1984; Albert et al. 2000) susceptible individuals.

Exercise-related cardiac events are usually defined as those occurring during, 
or within one hour of the cessation of sports participation in young subjects or 
vigorous physical exertion in older individuals (Rai, Thompson 2009). 

Vigorous exercise is usually defined as exercise requiring ≥6 metabolic equivalents 
(METs). Six METs is approximately equal to an oxygen uptake (VO2) of 21 ml/kg/
minute or the energy required for activities such as jogging. This is an absolute 

*This paper originally appeared in the 
Undersea and Hyperbaric Medicine Journal 
and is reprinted with permission from the 
Undersea and Hyperbaric Medical Society.

Thompson P. The cardiovascular risks of 
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277; 2011.
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workrate, however, and the cardiovascular stress of exercise is more closely related 
to the VO2 requirements of exercise relative to the individual’s maximal exercise 
capacity. Consequently, exercise workrates under 6 METs may still place consider-
able stress on the cardiovascular systems of unfit and older individuals. 

Causes of Exertion-Related Cardiovascular Events
Exercise-associated acute cardiac events require some pathological substrate and 
do not occur in normal hearts. This substrate may be structural, such as hypertro-
phic cardiomyopathy or acute coronary thrombosis, or cellular, such as inherited 
ion channel disease. The causes of exercise-related deaths are different in young 
individuals, defined as ages younger than 30 to 40 years (Van Camp et al. 1995; 
Maron, Shirani et al. 1996; Corrado et al. 1990), and older subjects. The patho-
logical findings in young individuals suffering an exercise-related cardiac death 
are primarily inherited or congenital cardiovascular abnormalities (Table 1) (Van 
Camp et al. 1995; Maron, Shirani et al. 1996; Corrado et al. 1990). Myocarditis 
is also associated with exercise-related deaths in young individuals. Ventricular 
fibrillation is assumed to be the immediate cause of death except in Marfan syn-
drome, where aortic rupture is responsible. 

Coronary artery disease (CAD) is the cause of most exercise-related cardiac 
events in older individuals (Thompson, Stern, et al. 1979; Burke, Farb, et al. 1999). 
Acute coronary artery plaque rupture or erosion producing thrombotic occlusion 
is the proximate cause of these events in previously asymptomatic individuals 
(Burke et al. 1999), whereas either plaque disruption or an arrhythmia produced 
by ischemia or myocardial scar is the presumed proximate cause of such events in 
individuals with previously diagnosed CAD (Cobb, Weaver 1986). 

The mechanism by which vigorous exercise destabilizes coronary plaques is not 
defined, but increased arterial wall stress from increases in heart rate and blood 
pressure, exercise-induced coronary artery spasm in diseased artery segments 
(Gordon et al. 1989) and increased flexing of atherosclerotic epicardial coronary 
arteries (Black, Black, Gensini 1975) have been suggested as etiologic factors. 

The Frequency of Exercise-Related Acute Cardiovascular Events
The frequency of exercise-related cardiovascular events varies with the prevalence 
of diagnosed or occult CVD in the study population. A 27-year registry of young 
U.S. athletes who died or survived cardiac arrest identified only 1,339 cases of 
which 1,049 were attributed to definite (n=690) or probable (n=359) cardiac dis-
ease (Maron, Doerer et al. 2009). The majority (61 percent) of events occurred in 
the final collection period between 1994 and 2002 and averaged only 66 cardiovas-
cular deaths per year, or an estimated 0.6 deaths per 100,000 person-years (1 death 
per year per 166,666 athletes). Only 11 percent of these events occurred in women. 

Others using some of the same data sources have published similar death rates for 
young U.S. athletes of only one per 133,000 men and 769,000 women, respectively 
(Van Camp et al. 1995). These later estimates include all sports-related nontrau-
matic deaths and are not restricted to cardiovascular events. These numbers are 
extremely low and consistent with the general safety of athletic participation in 
young individuals.

The incidence of cardiac death associated with vigorous physical exertion is 
considerably higher in adults, especially adult males, given their much higher 
prevalence of occult CAD. We estimated an incidence of only one death per 
396,000 person-hours of jogging, or one death per year for every 7,620 joggers 
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“The explanation for the lower 
rates of exercise SCD in adult 
women is probably related to 
the delayed development of 

CAD in women and less  
participation in vigorous  

exercise among older females.”

(Thompson, Funk et al. 1982). Because half of the victims had known or readily 
diagnosed CAD, the hourly and annual rates for previously healthy individuals 
were one death per 792,000 hours and 15,260 subjects, respectively. Siscovick and 
colleagues estimated a similar annual rate of exercise-related cardiac arrest of one 
per 18,000 healthy men (Siscovick et al. 1984). 

Table 1: Cardiovascular causes (%) of exercise-related sudden death in young athletes*

* Ages ranged from 13-24 (Van Camp 1995), 12-40 (Maron 1996) and 12-35 (Corrado 2003). Van Camp (1995) and 
Maron (1996) used the same database and include many of the same athletes. All (Van Camp 1995), 90 percent (Maron 
1996) and 89 percent (Corrado 2003) had symptom onset during or within an hour of training or competition.

+ Total exceeds 100 percent because several athletes had multiple abnormalities.

# Includes some athletes whose deaths were not associated with recent exertion. Includes aberrant artery origin and 
course, tunneled arteries and other abnormalities.

CAD=coronary artery disease; CM=cardiomyopathy; Reproduced with permission (Thompson et al. 2007).

Both studies have wide confidence limits because the rates were calculated using 
only 10 (Thompson et al. 1982) and nine (Siscovick et al. 1984) exercise-related 
deaths. All victims in both studies were men. These studies were also performed 
almost 30 years ago, but more recent studies confirm the low absolute risk of 
exercise-related SCD and the low rate among women. The absolute incidence 
of sudden death during and up to 30 minutes after vigorous exertion in the 
Physicians’ Health Study was only one death per 1.51 million episodes of exer-
tion (Albert et al. 2000). In the Nurses’ Health Study there was only one death 
per 36.5 million hours of moderate to vigorous exertion (Whang et al. 2006). The 
explanation for the lower rates of exercise SCD in adult women is probably related 
to the delayed development of CAD in women and less participation in vigorous 
exercise among older females. 
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leading to a fatality because  

of pain or panic during  
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Vigorous exercise can also precipitate AMI (Willich et al. 1993; Mittleman et al. 
1993; Giri et al. 1999), but the absolute incidence of exercise-related MI in the 
the general population has not to our knowledge been carefully determined. 
Approximately 11 percent of individuals with AMI treated with primary angio-
plasty suffered an exertion-related event (Giri et al. 1999). Also, using the obser-
vation that exercise MI is 6.75 more frequent than exercise-related SCD (Siscovick 
et al. 1991) and confidence limits for SCD (Thompson et al. 1982), one can 
estimate that the 95 percent confidence limits for an exercise-related MI is one per 
year for every 593 to 3,852 apparently healthy middle-aged joggers. This number 
should be viewed cautiously, however, given that the SCD rate is based on only 10 
cases (Thompson et al. 1982).

The incidence of exercise-related cardiovascular complications is considerably 
higher among those patients participating in supervised exercise-based cardiac 
rehabilitation programs (Table 2). An analysis of four reports estimates one 
cardiac arrest per 116,906 patient-hours, one myocardial infarction per 219,970 
patient-hours, one fatality per 752,365 patient-hours and one major complica-
tion per 81,670 patient-hours of rehab participation (Van Camp, Peterson 1986; 
Digenio et al. 1991; Franklin et al. 1998; Vongvanich, Paul-Labrador, Merz 1996). 
This fatality rate applies only to medically supervised programs that are equipped 
to handle emergencies, since the death rate would be sixfold higher without the 
successful management of cardiac arrest. Cardiac rehabilitation patients also 
undergo a medical evaluation that often includes exercise stress testing, and they 
are under staff supervision. Consequently, it is likely that the rate of events, and 
especially fatal events, is considerably higher among patients with CAD exercising 
in unsupervised situations. 

Table 2: Summary of contemporary exercise-based cardiac rehabilitation program 
complication rates

This discussion on the incidence of exercise-related events has several messages 
important to diving. The high putative rate of nonfatal exercise-related AMI pro-
vided above is of concern, because some of these nonfatal events could become 
a “disabling event,” leading to a fatality (Denoble, Caruso et al. 2008) because of 
pain or panic during submersion. Indeed, among 590 diving fatalities, 159 — or 
27 percent — had a possible cardiac event leading to disability and ultimately 
drowning (Denoble, Pollock et al. 2008). Also, the group most at risk for an 
exercise-related event are by far those with established CVD. Nevertheless, the 
cardiac complication rate of diving seems very low. Using the reported seven-year 
diving fatality rate of 16.4 per 100,000 persons (Denoble, Pollock et al. 2008) and 
the estimate that 26 percent are related to cardiac disease (Denoble, Caruso et al. 
2008), one can calculate an annual rate of only 0.6 per 100,000 divers.
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It is also important to note that several of the above studies have documented a 
decrease in both AMI (Willich et al. 1993; Mittleman et al. 1993; Giri et al. 1999) 
and SCD (Siscovick et al. 1984) in the most habitually active subjects, meaning 
that exercise-related cardiac events are more frequent among those performing 
unaccustomed physical exertion.

Strategies to Reduce Exercise-Related Cardiovascular Events
A variety of strategies have been suggested to prevent exercise-related acute 
cardiovascular events (Thompson et al. 2007), but none have been sufficiently 
studied to evaluate their efficacy or to be required practice for health providers. 
Also, any prevention strategy must consider the rarity of exercise-related cardiac 
events in ostensibly healthy individuals and the cost of falsely positive screening 
strategies when these are applied to low-risk populations. 

The medical screening of young athletes prior to organized sports participation 
is endorsed by multiple organizations including the American Heart Association 
(AHA) (Maron, Thompson et al. 1996; Maron et al. 1998; Maron et al. 2007) 
and the study group on sports cardiology of the European Society of Cardiology 
(Corrado et al. 2005). There is considerable and sometimes vitriolic (Myerburg, 
Vetter 2007) debate as to what constitutes effective screening. The European 
group recommends routine echocardiograms (ECGs) as part of the screening 
paradigm, whereas the AHA does not. A recent cost-effectiveness analysis of both 
approaches favored ECG use (Wheeler et al. 2010) but will probably not be readily 
accepted by both sides since it estimated the annual death rates in young athletes 
as 1 death per 42,000 participants, a value higher than most other estimates’ 
symptoms prior to death. 

Preparticipation screening and the restriction of higher-risk subjects could also 
be applied to adults. Most exercise-related cardiac events in adults are due to 
atherosclerotic CVD (ASCVD). The population risk of ASCVD can be predicted 
using tools such as the Framingham Risk Score, which predicts the 10-year risk 
of SCD and AMI. Potential participants with a specific score could be identi-
fied and excluded The problem with this approach is that ASCVD is prevalent 
among lower-risk subjects. Also, extremely high-risk subjects are only a small 
part of the total population. Consequently, the largest absolute number of acute 
events occurs not in the highest-risk subjects but in the moderate- and lower-risk 
groups. Excluding the highest-risk group would likely have little effect on the total 
number of deaths. 

Many physicians routinely perform preparticipation exercise testing in adults 
prior to vigorous exercise. Both the American College of Cardiology/American 
Heart Association (ACC/AHA) Guidelines on Exercise Testing (Gibbons et al. 
2003) and the American College of Sports Medicine (ACSM) (ACSM 2005) rec-
ommend exercise testing for adults with increased risk of CVD, generally based 
on age or the presence of two or more CVD risk factors. Both groups recommend 
such testing in persons wth diabetes primarily because diabetics may not experi-
ence angina induced by exercise. In contrast, the U.S. Preventive Services Task 
Force (USPSTF 2004) states that there is insufficient evidence to determine the 
benefits and harm of exercise stress testing prior to an exercise training program 
(USPSTF 2004). Furthermore, a recent decision analysis recommended against 
exercise testing at all levels of risk because the numbers of exercise-related deaths 
prevented by exercise testing were fewer than the deaths produced by medical 
intervention (Lahav, Leshno, Brezis 2009).
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In addition to such concerns, there are two largely underappreciated limitations 
to routine exercise testing. First, a positive exercise test result, by either ECG or 
imaging criteria, requires a flow-limiting coronary lesion. Most acute cardiac 
events in previously asymptomatic subjects are due to vulnerable plaque disrup-
tion, and so a normal exercise test does not exclude a nonflow-limiting, vulner-
able plaque. Second, a positive exercise test in asymptomatic subjects is a better 
predictor of subsequent angina than of the events of most concern, AMI and 
SCD (McHenry et al. 1984). This is possibly because asymptomatic, flow-limiting 
lesions prompt the development of collateral vessels that limit the severity of any 
acute cardiac event. 

Exclusion of subjects with established cardiovascular disease from sports participa-
tion or activities such as diving would likely be the single most effective technique 
to decrease exercise-related cardiac events. A careful case-controlled study identi-
fied a prior history of cardiovascular disease as the single most discriminating fac-
tor differentiating the 57 cases of exercise-related cardiac events from the controls 
(Van Teeffelen et al. 2009). The odds ratio in multivariate analysis suggests that 
those with prior CVD had a 32-fold higher (95 percent CI=7 to 143) risk of suffer-
ing a cardiac event. Since the risk of an exercise-related cardiac event is so much 
higher in patients with diagnosed CVD, excluding such participants, or requiring 
more extensive testing in this group, may reduce cardiac complications.

Educating patients, exercise attendants and physicians about possible cardiac 
prodromal symptoms and their need for prompt evaluation has been advocated 
to reduce exercise-related cardiac events. In the case-controlled study mentioned 
above (Van Teeffelen et al. 2009), fatigue or flulike symptoms over the past month 
increased the risk of a cardiac event by 12- and 13-fold respectively (95 percent 
CIs: 1.2-118 and 1.4-131). Among adults who died from CAD during exertion, 50 
percent of joggers (Thompson et al. 1979), 75 percent of squash players (Northcote, 
Flannigan, Ballantyne 1986) and 81 percent of distance runners (Noakes, Opie, 
Rose 1984) had probable cardiac symptoms prior to death (Table 3). Many of these 
symptoms were assumed to be gastrointestinal in origin and were not reported to 
medical personnel. 

Table 3: Prodromal symptoms reported by 45 subjects  
within one week of their sudden death

Note: Adapted from Northcote, Flannigan, Ballantyne 1986 and reproduced with permission (Thompson et al. 2007).
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Also, among 159 diving fatalities attributed to cardiac disease, 10 percent of the 
victims had reported dyspnea, fatigue, chest pain, distress or some illness prior to 
their fatal dive (Denoble, Caruso et al. 2008). The specificity of such complaints 
is probably poor, given the prevalence of nonspecific complaints in the general 
population. Nevertheless, training exercise professionals to solicit new complaints 
and to refer subjects for appropriate evaluation seems prudent but, as with most 
of these interventions, is untested.

There is excellent evidence that training for cardiovascular emergencies reduces 
exercise-related cardiac deaths. This is demonstrated by the observation that the 
rates of cardiac arrest in cardiac rehabilitation programs is considerably lower 
than the fatality rate. Prompt resuscitation is not readily applicable to diving 
because most deaths occur during the dive, but it is reasonable that diving facili-
ties be encouraged to establish and maintain emergency plans, periodic drills and 
training to address cardiac emergencies.

Suggested Approach to the Problem of Cardiac Events with Diving
Any requirements of diving participants should be cognizant of the rarity of 
exercise-related events in asymptomatic individuals, the poor predictive accu-
racy of most cardiac testing techniques and the absence of data that any method, 
except medical supervision, actually improves prognosis. Nevertheless, it does 
seem prudent to do the following:

1.	 Require medical clearance for individuals with known cardiac disease since 
this is the highest-risk subgroup. The group requiring medical clearance could 
be expanded to those providing positive responses to questionnaires designed 
for preparticipation evaluation, but this would greatly increase the participant 
burden without documented benefit. 

2.	 Train diving personnel to elicit possible cardiac prodromal symptoms, and 
restrict those individuals with such symptoms until cleared by a medical 
professional. 

3.	 Require cardiac emergency training, and scheduled drills for diving supervisors.
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Cardiovascular Screening in Asymptomatic 
Adults: Lessons for the Diving World*

Pamela S. Douglas M.D., MACC, FASE, FAHA, FACSM
Division of Cardiovascular Medicine
Duke Clinical Research Institute
Duke University 
Durham, N.C., USA

At the broadest level, consensus preparticipation recommendations for athletes of all 
ages focus on performance of a history and physical examination, with the addi-
tional performance of a screening test being more controversial. Depending upon 
athlete age and the associated prevalence of etiologies of cardiac death, differences 
exist regarding specific targets for the history and physical and for the type of testing 
considered. This paper provides a summary of the estimated relative value of the 
components of a screening program for both younger and older athletes.

Introduction 
Unexpected death is always a tragedy but is perhaps more poignant when it 
occurs during sport. Athletes, even recreational ones, are felt to be “healthier” 
than the rest of the population, and exercise is often prescribed to improve car-
diovascular health. Yet it is clear that exercise itself is a cardiovascular stressor and 
that the majority of nontraumatic deaths during exercise are cardiac in origin. 

Many organizations have sought to define principles for the early detection of 
those who might be at risk, with the hope that these individuals can then undergo 
further evaluation, treatment to reduce risk or limitation of risk by reducing 
exposure to exercise. Recent data indicating that about one-quarter of diving 
deaths are related to cardiovascular disease (Denoble, Caruso et al. 2008; Denoble, 
Pollock et al. 2008) has provided the impetus to examine whether more could 
be done to prevent cardiovascular events in divers. This review will address the 
principles of screening in asymptomatic individuals; available screening tools and 
tests; current recommendations regarding screening promulgated by other orga-
nizations; experience with screening programs, including diving; and conclude 
with some issues that should be considered in designing a screening program. 

Principles and Goals of Preparticipation Screening 
The World Health Organization (WHO) has developed a generally accepted 
set of principles for any disease screening program (Wilson 1968) (Table 1). 
Consideration of these may be helpful in designing a preparticipation screening 
program. 

Several additional points are worth considering: Screening programs are generally 
designed to detect asymptomatic individuals. Further, most screening programs 
for athletes are not designed to detect disease per se but are designed to detect 
those individuals who need further evaluation. While this may seem like a fine 
distinction, it is important to recognize this goal, as it dictates that sensitivity is far 
more important than specificity in designing and evaluating a screening program. 

*This paper originally appeared in the 
Undersea and Hyperbaric Medicine Journal 
and is reprinted with permission from the 
Undersea and Hyperbaric Medical Society.

Douglas P. Cardiovascular screening in 
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“In individuals over the age of 
35 years, the overwhelming 

cause of death is unrecognized 
coronary artery disease.…”

Table 1: WHO screening principles

•	 There should be an important problem.

•	 There should be an accepted treatment.

•	 Facilities must exist for diagnosis and treatment.

•	 There should be a recognizable latent or early symptom stage.

•	 A suitable test or examination must exist.

•	 The test must be acceptable to the population.

•	 The natural history must be understood.

•	 There must be an agreed policy on treatment.

•	 Cost must be related to other medical care expenditure.

•	 There must be a continuing process.

Note: Adapted from Wilson JM. The evaluation of the worth of early disease detection. J R Coll Gen Pract. 1968 Nov; 16 
Suppl 2:48-57.

All screening programs use standardized tools, whether questionnaires, specific 
physical exam elements or diagnostic tests. The ideal tools for a screening pro-
gram are (Grimes, Schulz 2002):

•	 easy, inexpensive and comfortable

•	 valid for diagnosis

•	 high sensitivity/specificity

•	 valid for prognosis

•	 reliable, with low variability of test results

Causes of Death During Exercise
Critical to designing any screening program is a clear understanding of what 
disease or diseases can cause exercise-related deaths and are therefore “under 
suspicion” in a screening evaluation. In the case of exercise-related sudden death, 
this depends critically on age. Individuals under the age of 35 years are most likely 
to die from inherited structural heart disease, most commonly hypertrophic car-
diomyopathy (Maron et al. 2009). Less important but still significant are coronary 
anomalies, Marfan syndrome, other cardiomyopathies and myocarditis. These 
diseases are generally best recognized by family history, rest echocardiogram 
(ECG) and rest echocardiography. 

In individuals over the age of 35 years, the overwhelming cause of death is unrec-
ognized coronary artery disease (CAD), detection of which is best approached 
through evaluation of risk factors and perhaps subclinical atherosclerosis and 
provocative stress testing. 

In short, the approach and tools used for testing will vary significantly depending 
on the disease(s) for which the screening is being performed.

Impact of a Positive Screening Study
An important complement to any screening program is a plan for how to man-
age those individuals who are eventually found to have significant disease. The 
most authoritative source is the American College of Cardiology’s (ACC) 26th 
Bethesda Conference recommendations regarding participation in competitive 
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sport for individuals (American College of Cardiology 1994). The limitation of 
these recommendations to competitive sports is purposeful, as it was felt that, in 
comparison to recreational sports, competitive sports may limit the ability of an 
athlete to recognize and act on early symptoms — a situation that may well be 
analogous to the diving environment. Further, while diving was not included, the 
approach to classifying sports may be helpful as a framework. Sports are classified 
by the tertile of intensity of their dynamic (percent VO2max: <50 percent, 50-70 
percent, >70 percent) and static (percent maximal voluntary contraction: <10 
percent, 10-30 percent, >30 percent) components as well as the danger of bodily 
injury from collision and consequences of syncope. Recommendations regarding 
participation are based on the likely tolerance to these stresses and dangers in 
specific cardiovascular diseases.

Younger Athletes
Most of the attention related to preparticipation screening in sport has focused 
on competitive athletes and therefore on the diseases that are most important 
in a younger age group. Many organizations have developed recommendations 
for screening programs, which can vary substantially. In the United States, the 
most prominent guidelines issued by the American Heart Association (AHA) 
recommend a targeted 12-point history and physical exam with no routine testing 
(Maron et al. 1996, 1998, 2007).

There is currently no national requirement for preparticipation screening in the 
United States, although several states do require screening for high school and 
collegiate athletes. Individual sports organizations (schools, teams) have imple-
mented these programs or, for elite or professional athletes, created their own 
more rigorous programs. In contrast, the European Society of Cardiology (ESC) 
guidelines call for the addition of a screening ECG, a strategy that is required by 
law by many countries (Corrado et al. 2005; Douglas 2008).

While a prospective comparison of screening programs with or without ECG would 
be logistically impossible, observational data are available. Most relevant is the well-
documented 20-year experience in Italy showing a dramatic reduction in incidence 
of sudden death after implementation of a mandatory screening program admin-
istered by sports cardiologists that includes an ECG (Corrado et al. 2006). While 
these results have been called into question because the baseline rate of sudden  
death was much higher in Italy than in the United States (Pelliccia et al. 2008), 
visual inspection of data from the most recent years of this program suggest a lower 
sudden death rate associated with the more rigorous Italian screening program. 

Other relevant data include a Harvard study of 510 students in whom the addi-
tion of ECG to a history and physical substantially increased the sensitivity of 
screening from 45 percent to 91 percent. However, the specificity fell slightly from 
94 percent to 83 percent (Baggish et al. 2010). Other investigators performing 
cost-effectiveness modeling suggests that the addition of a rest ECG is within the 
generally accepted range of value for cost of life years saved (Wheeler et al. 2010). 
The authors found that implementation of a history and physical screening at an 
estimated cost of $199US per athlete would add 2.6 life years per 1,000 young 
athletes at a cost per year of $76,100US. Addition of an ECG to the screening 
program (estimated additional cost: $89US) was calculated to save an additional 
two life years, at a cost per year of $42,900US. 

In the absence of any prospective testing of different strategies, the design of 
the optimal program has not been established. However, it is clear that a careful 
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history is very important and should include family history, exertional symp-
toms and syncope. A physical exam is also important, as murmurs reflective of 
the hemodynamic abnormalities are often present at rest (Table 2). Given the 
accumulating data, addition of a noninvasive test such as a rest ECG may become 
more accepted in the United States over time, especially if financial and logistic 
hurdles can be overcome (Maron 2010). 

Table 2: CV risk assessment: suitability/acceptabiity of tests for screening

Older Athletes
In comparison to younger individuals, far less attention has been paid to design-
ing screening programs for older, usually recreational, athletes. Few detailed 
preparticipation guidelines exist, and there is little reported experience in this 
age group. Instead most authorities focus on strategies used in clinical medicine 
for the early detection of atherosclerotic diseases, as these are the most common 
cause of death in this age group.

Since most individuals are asymptomatic, the history is often more helpful in 
identifying risk factors rather than symptoms. Similarly, there may be few detect-
able abnormalities at rest or even with exercise, as events are often due to sponta-
neous rupture of nonobstructive plaque (Table 2). 

The AHA statement issued recommendations for preparticipation screening in 
older athletes in 2007 (Maron, Thompson et al. 2007). This document recom-
mends that older competitive athletes (>35 to 40 years) be “knowledgeable” 
regarding their personal history of CAD risk factors and family history of 
premature CAD. Further, stress testing should be performed selectively for 
individuals engaging in vigorous training and competitive sports and who meet 
the following criteria: men >40 years or women >55 years with diabetes mellitus, 
or at least two risk factors or one severe risk factor other than age. Finally, the 
document recommends education regarding prodromal cardiac symptoms, such 
as exertional chest pain.

The recommendations regarding the use of stress testing are derived from the 
2002 ACC/AHA guideline, which recommends using exercise testing in the fol-
lowing individuals (Gibbons et al. 2002) and are similar to those of the American 
College of Sports Medicine (Armstrong et al. 2009). These include:

1.	 Evaluation of asymptomatic persons with diabetes mellitus who plan to start 
vigorous exercise (Class IIa; Level of Evidence: C).
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2.	 Evaluation of asymptomatic men > 45 years and women > 55 years who plan to 
start vigorous exercise (especially if sedentary) (Class IIb).

3.	 Evaluation of asymptomatic men > 45 years and women > 55 years with occu-
pations in which impairment might impact public safety (Class IIb).

In contrast, the guideline recommends against routine screening of asymptomatic 
men or women (Class III) since such individuals will have a low pretest probability 
and be more likely to have a false positive than a true positive test. Use of a stress 
test as the screening strategy could result in making many normal individuals 
undergo unnecessary follow-up tests or procedures.

Risk Stratification
Most recommendations for preparticipation screening in older individuals 
begin with screening for CAD risk factors. In addition to the AHA guideline on 
primary prevention (Pearson et al. 2002), the ACC/AHA recently issued a set of 
performance measures in this area (Redberg et al. 2009). Performance measures 
are distilled from the strongest evidence, represent “must do” recommenda-
tions endorsed by national-quality organizations and often reinforced by public 
reporting and pay for performance programs. The 13 recommended performance 
measures for primary prevention are: 

•	 lifestyle/risk factor screening

•	 dietary intake counseling

•	 physical activity counseling

•	 smoking/tobacco use assessment

•	 smoking/tobacco cessation

•	 weight/adiposity assessment

•	 weight management

•	 blood pressure measurement

•	 blood pressure control

•	 blood lipid measurement

•	 blood lipid therapy and control

•	 global risk estimation

•	 aspirin use

Implementation of these measures requires performance of a careful history 
and physical examination, laboratory testing for lipids and formal assessment of 
cardiovascular risk. Unfortunately, there are several risk scores available whose 
results may differ widely (Berger et al. 2010). 

A recent review presented a case vignette of a 56-year-old woman with several 
risk factors; estimates of risk varied from 2 percent for 10-year Framingham Risk 
Score (heart attack and death) to an overall lifetime risk as high as 50 percent. 
Nevertheless, risk assessment is most often accomplished using the Framingham 
Risk Score (FRS) (National Cholesterol Education Program 2001). This score 
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classifies individuals into high, medium and low 10-year risk for cardiovascular 
events and stroke. Individuals with known CAD and those with diabetes and 
peripheral vascular disease (considered to be “CAD-equivalents”) are placed in 
the highest risk category. In other individuals, risk is calculated using a weighted 
combination of age, sex, total cholesterol, HDL cholesterol, smoking history and 
blood pressure. Calculators are available online at http://hp2010.nhlbihin.net/
atpIII/calculator.asp.

Preventive interventions are recommended based on these estimates of 10-year 
risk. Individuals classified as having low 10-year risk, defined as an event rate of 
<10 percent, should be treated with reassurance, and further risk assessments 
should not be performed for five years. Individuals estimated to be at high risk, 
defined as a 10-year risk >20 percent, should be treated with aggressive risk-factor 
modification to secondary prevention goals. It is less clear how individuals clas-
sified as having an intermediate 10-year risk (event rate of 10-20 percent) should 
be treated. ACC/AHA recommendations suggest considering referral for further 
tests, such as atherosclerosis imaging (see below) for reclassification into either 
low- or high-risk groups (Greenland et al. 2007). 

Although carefully validated, there is widespread concern that the Framingham 
Risk Score is flawed. In addition to the ambiguity in intermediate-risk individuals, 
it fails to capture important risk factors such as family history, the severity of risk 
factors and emerging risk factors such as inflammation as manifested in hs-CRP 
(Kannel et al. 1961). Risk in some demographic categories, such as younger 
women, is underestimated. More important, it is clear that events do occur in 
individuals estimated to be at low risk (Akosah et al. 2003). For example, National 
Health and Nutrition Examination Survey data classify 85 percent of healthy 
adults between ages 20 and 79 years as low risk by Framingham Risk Score, with 
only 2 percent as high risk, although epidemiological data suggests that more than 
one-third will die from cardiovascular disease (American Heart Association 2010; 
Ajani, Ford 2006).

Atherosclerosis Imaging and Stress Testing 
As a result, some have suggested the use of additional testing to detect atheroscle-
rosis, often termed subclinical disease. While there are several techniques available 
(Crouse 2006), the most prominent tests are ultrasound evaluation of the carotid 
intima media thickness (CIMT) and CT-based coronary artery calcium scoring 
(CAC). Both tests have been studied extensively in large community-based studies 
and accurately predict both prevalent and incident cardiac events (Kaul, Douglas 
2009). However, no prospective studies have been performed comparing the 
clinical impact of strategies incorporating the use of either test as a guide to a risk 
reduction treatment to that of the use of a Framingham Risk Score alone.

CIMT: Measurement of carotid intima media thickness was developed in the 
1980s and is typically carried out using high-frequency ultrasound transducers. 
The rationale for using CIMT to refine CAD risk assessment is based on multiple 
large (>1000 patients) prospective studies that have been reviewed in detail in a 
recent meta-analysis (Lorenz et al. 2007). Each study demonstrated a statistically 
significant association between CIMT and the risk for myocardial infarction, 
CAD death and stroke. The age- and sex-adjusted overall estimate of the risk of 
myocardial infarction was 1.15 (95 percent CI, 1.12 to 1.17) per 0.10 mm CIMT 
difference. Further, CIMT progression is well documented to slow with risk-
factor-targeted interventions, and this slowing is associated with a reduced risk of 
future CHD events (Hodis et al. 1998; Espeland et al. 2005). The major limitations 

http://archive.rubicon-foundation.org



CARDIOVASCULAR SCREENING IN ASYMPTOMATIC ADULTS: LESSONS FOR THE DIVING WORLD	 Recreational Diving Fatalities Workshop Proceedings • 201

“Recent longitudinal data  
suggest that both stenosis  
and plaque burden provide 
independent, incremental  

prognostic value to  
conventional risk assessment.”

of CIMT are cost, as it is generally not reimbursed, its operator dependence and 
lack of widespread availability. Nevertheless, CIMT is a well-established surrogate 
marker for atherosclerosis and coronary artery disease. 

CAC: A newer test, CAC appears to also be of independent and additive value in 
predicting CAD events, although data are limited in women and nonwhites. The 
best data come from the NHLBI MultiEthnic Study of Atherosclerosis (MESA) 
observational trial, which uses multiple imaging modalities to describe the char-
acteristics and progression of subclinical atherosclerosis in a population-based 
sample of 3,601 women and 3,213 men aged 45-84 years and without known CVD 
(Bild et al. 2002). Detrano et al. (2008) found that MESA subjects with a CAC 
score >300 had a hazard ratio of 9.67 (95 percent CI, 5.20 to 17.98, P<0.001) for 
cardiovascular events compared with those with a CAC of 0. The addition of CAC 
significantly increased the discriminant accuracy for predicting all CAD events 
from a c-index of 0.77 for risk factors alone to 0.82 for risk factors plus CAC. 

Similar results have been obtained by others. A meta-analysis of six studies 
showed strong incremental relationships between increasing CAC scores and 
higher event rates (Greenland et al. 2007). In particular, patients with intermedi-
ate FRS but a CAC score >400 had an elevated annual CAD death or myocardial 
infraction rate of 2.4 percent. These data support the proposed strategy of using 
CAC to reclassify intermediate risk individuals into either high- or low-risk 
categories. Those recategorized as high-risk (>20 percent 10-year risk of estimated 
coronary events, i.e., CAD equivalent risk status) would then receive more inten-
sive preventive treatment. In contrast, while individuals with a CAC of 0 may have 
obstructive disease (Gottlieb et al. 2010), they have generally been found to have a 
low event rate (Hecht 2010) and low conversion rate to a positive CAC score, with 
a “warranty period” of at least four years (Min et al. 2010). The major limitations 
to CAC are cost, as it is generally not reimbursed, and radiation, which is gener-
ally 1-2 milliSieverts (mSv).

The MESA study provides the best head-to-head comparison of CIMT and CAC 
in predicting CAD risk (Folsom et al. 2008). In almost 6,700 subjects followed 
over a maximum of 5.3 years, both tests were associated with risk of incident 
events (CAD, stroke, fatal CAD). However, CAC was associated more strongly 
than CIMT with a hazard ratio for an incident event of 2.1 (95 percent CI, 1.8 to 
2.5) per standard deviation (SD) increment of CAC score as compared to 1.3 (95 
percent CI, 1.1 to 1.4) per SD increment of CIMT. Receiver operating characteris-
tic curve analysis also suggested that CAC scoring was a better predictor of events 
than CIMT, with an area under the curve of 0.81 versus 0.78. However, a separate 
cost-effectiveness analysis of CAC scoring as a CAD risk prediction tool suggests 
that its use in an asymptomatic population is expensive and not cost-effective, 
with a cost per identification of a new “at risk” case of $9,789US and a cost per 
QALY of $86,700US (O’Malley et al. 2004).

CCTA: The newest test to identify atherosclerosis is coronary computed tomo-
graphic angiography (CCTA). This test uses modified CT technology to produce 
high temporal and spatial resolution, noninvasive images of the coronary artery 
lumen and walls, enabling detection and characterization of critical stenoses and 
nonobstructive plaque with high sensitivity and specificity (Budoff et al. 2008). 
Recent longitudinal data suggest that both stenosis and plaque burden provide 
independent, incremental prognostic value to conventional risk assessment 
(Chow et al. 2010). Limitations to use of CCTA are cost, as it is generally not 
reimbursed, and radiation, which is generally 10-20 mSv.
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Exercise testing: Although the ACC/AHA guidelines recommend preparticipation 
stress testing in selected circumstances, there are few data supporting its ability to 
risk-stratify in an asymptomatic population. This is not surprising, as a positive test 
requires the presence of coronary lesions severe enough to cause ischemia when 
workload is increased, and the target population for screening generally does not 
have such advanced disease. However, a study of 25,927 healthy men (aged 20-82 
years) who underwent stress echocardiography and were subsequently followed 
for an average of 8.4 years suggests there is some value. While stress testing did not 
significantly enhance the prediction of prognosis in individuals without cardiac 
risk factors, in those with risk factors a positive stress echo added incremental 
information. Nevertheless, less than 6 percent of tests were positive, and the 
sensitivity of a positive stress ECG was only 61 percent (Gibbons et al. 2000). There 
is no indication that the addition of imaging to exercise stress adds actionable, 
additional information in asymptomatic low- or intermediate-risk individuals or 
even in otherwise low-risk diabetics (Young et al. 2009).

In considering the use of any of these tests, it is critically important to remember 
that all available data are observational and descriptive. No risk-assessment strat-
egy, whether formal calculation of FRS, atherosclerosis testing or exercise testing, 
has been studied prospectively as a strategy to improve outcomes (Douglas et al. 
2009). Since the addition of tests adds to costs and in some cases increases risk 
through radiation, their widespread, routine use is not generally recommended. 
For example in 2004, the United States Preventive Services Task Force (USPSTF) 
released its recommendations regarding use of rest ECG, stress test, CIMT and 
CAC as screening tests for CAD (USPSTF 2004). In formulating their recom-
mendations, the USPSTF defined possible benefits as a reduction in CAD events 
through the detection of high-risk individuals who would benefit from more-
aggressive risk-factor modification or detection of individuals with severe CAD 
whose life would be prolonged by CABG. 

An additional potential benefit would be for those engaged in occupations endan-
gering the health of others, in whom considerations other than health benefits 
to the individual may influence the decision to screen for CAD. Possible harms 
identified were a lack of evidence of improved health outcomes and possible false 
positive tests, which may lead to unnecessary invasive procedures, overtreatment 
and labeling. False negative tests were also of concern, as the majority of events in 
low-risk individuals will occur in those with negative tests. 

As a result of this formulation, the USPSTF advised against the use of testing in 
adults at low risk as a Class D recommendation (at least fair evidence that the 
service is ineffective or that harms outweigh the benefits). Their use in adults at 
increased risk was deemed to have insufficient evidence, or Class I (evidence that 
the service is effective is lacking, of poor quality or conflicting and the balance 
of benefits and harms cannot be determined). In part as a consequence of the 
USPSTF recommendations, Medicare coverage for risk stratification in asymp-
tomatic individuals is provided only for determination of total cholesterol, HDL 
and triglycerides once every five years. All other testing (rest ECG, stress test, 
CIMT, CAC, CCTA) are not covered (Medicare.com 2010).

Issues to Consider in Designing a Preparticipation Screening Program for Divers

Screening Program Experience in Diving
In contrast to younger individuals, there are few published experiences with pre-
participation screening programs in older individuals. However, there is a small 
published literature on screening programs in diving outlining their “yield.” The 
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first used the records of three British organizations with identical requirements 
for divers to complete an annual questionnaire (which was held to be a legal 
declaration) and to undergo regular examinations by their primary care physician 
according to the following schedule:

•	 every five years for those <40 years

•	 every three years for those aged 40-50 years 	 	

•	 annually for those over 50 years (Glen et al. 2000)

Data on 2,962 exams on 2,094 divers were analyzed and showed cardiovascular 
symptoms in 1.2 percent, a murmur in 1 percent and cardiovascular medica-
tion use in 4 percent. A mere 2 percent were felt to have “failed” the exam, and 
1 percent received a referral to a cardiologist. Overall, no significant unknown 
abnormalities were detected. A second study relied on New Zealand Department 
of Labour records requiring in-depth interview, testing and medical examination 
every five years for registered divers. Of 336 divers undergoing at least two exams, 
only 10 were cited, with five receiving a conditional certificate of fitness, four were 
considered temporarily unfit for diving, and only one was declared permanently 
unfit — for a spinal injury detected by questionnaire (Sames et al. 2009).

Design Considerations
There are many considerations in designing a screening program. These include 
addressing the following questions: Whom to screen? When to screen? How 
often? What disease to screen for? What screening questions and tests to use? 
Who will perform screening? Who will perform any needed additional evalua-
tion? What will additional evaluation consist of? How will results be translated 
into clearance for diving? What happens if someone “fails”? Finally, who will pay 
for all this? The answers to these questions can be complex and must be addressed 
individually by each program to ensure alignment with goals and resources.

The screening experience and the literature suggest that individuals of all ages 
be asked about their fitness level assessment, cardiovascular history, symptoms 
and signs, and undergo a brief physical exam. For those under 35 years of age the 
AHA Preparticipation checklist can serve as a template (Maron 1996, 1998, 2007). 
For those over 35 years, assessment of CAD risk factors, symptoms and signs can 
follow the recommendations in the ACC/AHA primary prevention guidelines and 
performance measures (Pearson et al. 2002; Redberg et al. 2009). In those over 
35 years with at least intermediate risk, it is reasonable to recommend selective 
testing of some kind. However, it is unclear if this should be stress testing or CAC 
score. To date, the evidence does not favor the use of CIMT or CCTA over these 
other options. 

It is important to note that, regardless of age, all symptomatic individuals should 
be required to have a full medical evaluation before diving. Indeed 10 percent 
of those experiencing a fatal event had prior symptoms (Denoble, Caruso et al. 
2008). Any screening recommendations are critically predicated on the willing-
ness to implement a program to exclude individuals with positive screens or even 
identified disease from participation in diving.

Other aspects of a screening program include the education of divers, diving staff 
and physicians about possible prodromal cardiac symptoms and the importance 
of their recognition in preventing events (Maron et al. 2007). This is especially 
true in the unforgiving undersea environment, in which the ability to respond 

http://archive.rubicon-foundation.org



204  •  Recreational Diving Fatalities Workshop Proceedings	 CARDIOVASCULAR SCREENING IN ASYMPTOMATIC ADULTS: LESSONS FOR THE DIVING WORLD

“In the case of diving,  
paramount among the  

concerns is the limited ability 
to recognize and respond to  

an emergency.”

in an emergency is severely limited. Similarly, divers and diving staff should be 
trained to handle cardiovascular emergencies.

The design of any sport-specific screening program should consider the unique 
stresses associated with its pursuit. In the case of diving, paramount among the 
concerns is the limited ability to recognize and respond to an emergency. In addi-
tion, the hyperbaric environment can alter intracardiac hemodynamics, changing 
flow across a patent foramen ovale or causing pulmonary hypertension. It can also 
alter drug metabolism in unpredictable ways. Professional diving carries addi-
tional risk but even different types of recreational diving can have very different 
risks. In instituting any new program, there should be a reasonable expectation 
that it would both change behavior and improve outcomes.
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Cardiac events are responsible for a significant proportion of recreational diving fatali-
ties. It seems inescapable that our current systems for selecting suitable recreational 
diver candidates and for longitudinal monitoring of diver health are failing to exclude 
some divers at high risk of cardiac events. Based on review of practice in parallel sport-
ing disciplines and of the relevant literature, a series of recommendations for screening 
questions, identification of disqualifying conditions and risk factors, and investigation 
of candidates with risk factors was drafted. Recommendations for ongoing health 
monitoring in established divers were also generated. These recommendations were 
promulgated and debated among experts at a dedicated session of the Divers Alert 
Network Recreatoinal Diving Fatalities Workshop. As a result, we propose a modified  
list of screening questions for cardiovascular disease that can be incorporated into 
health questionnaires administered prior to diver training. This list is confluent with 
the American Heart Association (AHA) preparticipation screen for athletes. The exer-
cise stress test unmasks inducible cardiac ischemia, quantifies exercise capacity and 
remains the tool of choice for evaluating diver candidates or divers with risk factors for 
coronary disease. An exercise capacity that allows for sustained exercise at a 6-MET 
(metabolic equivalent) intensity (possibly representing a peak capacity of 11-12 METs) 
is an appropriate goal for recreational divers.

Introduction
In 2008, Denoble et al. published a paper titled “Scuba injury death rate among 
insured DAN members” (Denoble, Pollock et al. 2008). Using data gathered over a 
seven-year period, they showed that the annual death rate (due to dive accidents) 
among insured DAN members averaged 16.4 per 100,000 persons. An obvious 
question is how should this figure be viewed? One interpretation might be that 
the death rate is relatively low and comparable to that for other active sports that 
are not considered dangerous. For example, about 13 joggers per 100,000 partici-
pants die each year from heart attacks (Thompson et al. 1982). Another interpre-
tation might be that every death is a tragedy and that all practicable steps should 
be taken to reduce fatalities to as near to zero as possible. In fact, both views have 

*This paper originally appeared in the 
Undersea and Hyperbaric Medicine Journal 
and is reprinted with permission from the 
Undersea and Hyperbaric Medical Society.
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merit. Diving can rightfully be lauded as a relatively safe “adventure sport,” but 
nevertheless, if important contributing factors to fatal accidents could be identi-
fied, then targeted prevention programs might be instituted.

In the latter regard, a second recent study by the DAN group has presented an 
opportunity. Denoble et al. (Denoble, Caruso et al. 2008) divided the causative 
process in 947 fatalities into four sequential components: trigger, disabling agent, 
disabling injury and cause of death. Although drowning was the preeminent cause 
of death, the sequential component approach to the analysis identified the more 
important precursor events. Of note, cardiac incidents constituted 26 percent 
of disabling injuries. Associations with cardiac incidents included a history of 
cardiovascular disease and age greater than 40. One implication of these data is 
that the current systems for medical screening of diver candidates and for health 
surveillance in established divers are failing to exclude or adequately manage 
individuals at risk of cardiac events. 

All recreational diver training agencies require that a prospective diver undergo 
some form of medical screening prior to undertaking a diving course. There are 
two prevalent approaches. In the most widely used system the diver candidate 
completes a screening questionnaire issued by the training agency. In the absence 
of any positive responses, the diver may proceed to training. If there are any 
positive responses the candidate is compelled to see a physician for a “physical 
examination.”

One of the most commonly used screening questionnaires was developed by 
the Undersea and Hyperbaric Medical Society Diving Committee on behalf of 
the Recreational Scuba Training Council (RSTC) (RSTC 2010). The second and 
less commonly used system is for all recreational diver candidates to undergo 
a “diving physical” with a physician irrespective of the answers elicited by a 
screening questionnaire. Typically the physician will utilize a pro-forma medical 
questionnaire (such as the RSTC form) to elicit relevant history, and a physical 
examination will be conducted. The physician will then make a judgment about 
whether it is appropriate for the candidate for proceed to diver training. There has 
been debate over which of these approaches is most appropriate, with limited data 
supporting both the screening questionnaire approach (Glen et al. 2000; Glen 
2004) and an approach requiring all candidates to undergo a medical consultation 
(Meehan, Bennett 2010). 

There is no system in place for longitudinal health surveillance of recreational div-
ers. Completion of a screening questionnaire or a medical evaluation by a physi-
cian may be required if a diver undertakes continuing diving education courses, 
but in the absence of such courses it would be possible for someone who learned 
to dive at 20 years of age to still be diving at 50 years having never undergone any 
form of intervening health evaluation. This contrasts sharply with the customary 
requirement for occupational divers to undergo a comprehensive medical evalua-
tion annually; a contrast that is all the more stark when it is considered that occu-
pational divers are arguably a younger, more homogeneous and healthier group. 

The discussion session documented here was convened to review the present 
systems for recreational diver selection and surveillance with specific reference 
to detection and exclusion of relevant cardiovascular disease. The session fol-
lowed papers on the implications of various cardiovascular conditions in diving 
(Bove 2011), the epidemiology of cardiovascular disease (Thompson 2011) and 
relevant screening methods (Douglas 2011), all of which are published in the 
present series. For the purposes of setting the agenda we took the position that the 
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screening questionnaire approach described above is the most widely used system 
and that discussion around optimizing evaluation of diver candidates for cardio-
vascular disease should start there. Thus, the agenda was built around key steps in 
selection and longitudinal monitoring of recreational divers beginning with the 
use of screening questionnaires prior to diver training.

These steps are depicted in Figure 1. The process begins with a diving candidate 
completing the screening questionnaire. The first point for discussion is whether 
the current iteration of the RSTC form contains the most appropriate questions 
for screening cardiovascular disease. If there are no positive responses to the 
questions the candidate may proceed to diver training. Positive answers to the 
prediving cardiac screening questions will reveal either existing cardiovascular 
diagnoses/symptoms that would contraindicate diving or milder disease/risk  
factors that require further consideration. 

Figure 1: Schema for evaluation of cardiovascular conditions and risk factors in divers

Note: This chart formed an agenda for the discussion session, and discussion took place on each of the numbered points 
in boxes (see text for elaboration). c.v. = cardiovascular
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The second point for discussion is the defining of those cardiac diagnoses or 
associated symptoms that would mandate an automatic decision to disallow 
diving pending treatment (if possible) and further review. The third point for 
discussion is the definition of risk factors in an otherwise asymptomatic candidate 
that would prompt investigation prior to a decision about suitability for diving. 
The fourth point for discussion is the advice given to physicians with respect to 
investigating these risk factors. The final point for discussion is recommenda-
tions for longitudinal health review in existing divers with particular reference to 
cardiovascular disease.

WORKSHOP DISCUSSION
Cardiovascular Components of Screening Questionnaire
To provide a starting point for discussion, the authors identified those questions 
on the current RSTC screening form that were relevant to cardiovascular disease 
and compared them to those appearing on the AHA preparticipation screening 
questionnaire for competitive athletes (Maron et al. 2007). Items appearing in the 
latter and missing from the former are listed in Table 1. We put it to the discus-
sants that these items should be considered for inclusion on the RSTC form. 

Table 1: AHA questions omitted from RSTC form

Note: These items appear on the AHA preparticipation screening questionnaire for competitive athletes and do not appear 
on the current RSTC prediving screening questionnaire. 

There was no disagreement with the implied concept that some important diag-
noses might be missing from the questionnaire in its current form. However, 
there was much discussion around the potential confusion that a more compre-
hensive list could introduce. Some industry representatives pointed out that diver 
candidates were encouraged to “tick yes if unsure,” and since many would never 
have heard of some of the diagnoses, they would therefore be “unsure” and be 
compelled to tick “yes.” It therefore was generally agreed that if the items from the 
AHA list were added to the RSTC questionnaire then the terminology would need 
maximal simplification, and the criteria for ticking yes would need to be very 
explicit (such as, “Do you carry the diagnosis of any of …” or “Have you ever been 
diagnosed with…”). Interpretation of questions phrased in this way would not 
require understanding of the listed diagnoses. 

Some of the individual items on the list were debated. In particular there was con-
cern that benign heart murmurs were prevalent, and that this item would force 
many candidates into unnecessary medical review. It was agreed that a qualifying 
statement would be required that excluded murmurs that had been investigated 
and designated benign. Finally, several commentators expressed the view that 
some treated cardiovascular conditions (such as hypertension and hypercholes-
terolemia) probably do not significantly increase risk in diving and should not 
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trigger the requirement for a medical examination. This view was opposed by 
expert cardiologists present, who pointed out that the adequacy and appropriate-
ness of treatment (of hypertension, for example) could not be evaluated by the 
questionnaire, and that treated or not, these problems still constituted risk factors 
for more serious cardiovascular disorders. Based on this discussion, a proposal for 
a modified list of questions for the recreational diving screening questionnaire is 
presented in Table 2. 

Table 2: Proposed revised screening questions

Note: If the answer to any of these questions was positive, a review with a doctor, preferably one trained in dive medicine, 
would be required prior	 to undertaking diver training. 

Cardiovascular Problems That Would Prohibit Diving
The next question considered was which cardiovascular diagnoses or manifes-
tations of cardiac disease would prompt the reviewing physician to make an 
automatic recommendation not to dive. As a starting point for discussion, the 
authors proposed a list based on existing elements of the RSTC questionnaire and 
on items to be added from the AHA athletic sports preparticipation screening 
questionnaire. This list included: 

•	 untreated symptomatic coronary disease (history of angina or heart attack)

•	 cardiomyopathy

•	 long QT syndrome

•	 arrhythmias causing impairment of exercise toleranceor consciousness, and a 
history of poor functional capacity of cardiac origin

For completeness, we added severe valvular lesions, complex congenital heart 
disease (including cyanotic heart disease and unrepaired atrial septal defect) and 
the presence of an implantable defibrillator, none of which were directly specified 
in either questionnaire. 
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There was some discussion about whether a patent foramen ovale (PFO) should 
appear on this list. However, there was strong consensus among the experts present  
that a PFO is not a contraindication to diving. If a diving candidate reported a PFO 
on their screening questionnaire this would indicate discussion of the implications 
with a diving physician, but it would not mandate intervention prior to diving. 
Unfortunately, further discussion in this phase of the workshop was dominated by 
ongoing debate on the complexity of the terminology associated with some of the 
added questions. Although this helped develop the wording of questions appearing in 
Table 2, it did little to inform selection of disqualifying cardiac conditions. It is notable, 
however, that no particular objections were voiced to the items appearing in Table 3.

Table 3: Proposed automatic initial contraindications

Note: These are cardiovascular diagnoses or symptoms that would result in an automatic initial recommendation not to dive.

Several qualifying comments are necessary in relation to this list. First, as implied in 
Figure 1, not all of them represent an absolute dead end in the path to recreational 
diving. For example, a candidate with coronary artery disease who undergoes an 
intervention might proceed to diving, providing he/she can subsequently demon-
strate good functional capacity without induction of myocardial ischemia. Second, 
the significance of valvular lesions is highly dependent on the nature of the lesion 
(stenotic vs. regurgitant) and its severity. Virtually all severe lesions would contra-
indicate diving, but many patients with milder regurgitant lesions could dive if their 
functional capacity was adequate. Stenotic lesions are of greater significance and 
probably contraindicate diving if more than mild. Finally, it is acknowledged that 
there may be rare cases in which a diagnostic label does not accurately reflect risk in 
diving (such as a mild “cardiomyopathy”), and in such cases careful evaluation and 
investigation by an expert might result in diving being allowed.

Cardiovascular Risk Factors That Would Prompt Investigation
It was generally accepted that any nondisqualifying cardiovascular diagnosis 
revealed on the questionnaire (that is, diagnoses not listed in Table 3, such as 
hypertension) would be evaluated “on their own merits” by the reviewing doctor. It 
was not the aim of this discussion to derive an approach to this. Rather, the intent 
of this phase of the discussion was to review the spectrum of nonsymptomatic risk 
factors for cardiac disease that would trigger further investigation either before a 
diving candidate progressed to diver training or for an established diver presenting 
for health review. The question put was:

“In the asymptomatic patient with no CV diagnoses, what risk factors for coronary 
artery or other heart disease identified from the questionnaire should prompt further 
investigation for inducible cardiac ischemia or other pathology prior to diving?” 
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The discussants were particularly invited to consider the risk factors that would 
be identified by positive answers to questions 1, 4, 5, 6, 7 and the family history 
component of question 8 in Table 2. 

There was essentially no debate about the content of the risk factor list. However, 
there was ongoing discussion about the significance of “prior recognition of a heart 
murmur,” which further informed the wording of question 7 in Table 2. There was 
consensus among the discussants involved that the wording shown in Table 2 should 
minimize the possibility of unnecessary investigation of benign murmurs. There was 
also discussion about how to designate a relative of “hereditary importance,” and it 
was resolved to use the term “blood relative,” which should be widely understood. 

Investigation of Diver Candidates with Risk Factors for Cardiac Disease
The primary focus of this discussion was on the most appropriate investigation for 
significant occult coronary artery disease in divers with relevant risk factors as pre-
viously defined. The authors proposed a draft statement for discussion, which read: 

“Where the risk of ischemic heart disease is intermediate or greater the reviewing 
physician should assess functional capacity to exclude ischemia and to assure the 
candidate has an adequate exercise capacity to sustain continuous activity at 6 
metabolic equivalents (MET; multiples of assumed resting metabolic rate).” 

This statement drew heavily on the discussion following the cardiac session on 
previous day of the workshop in which the widely cited recommendation for a peak 
exercise capacity of 13 METs in recreational divers was debated. There was a reason-
able consensus among involved discussants that a 13-MET peak capacity might be 
an unrealistic “standard” for application “across the board,” and it therefore carried 
the risk of being ignored. In support of this notion, Neal Pollock cited a weighted 
mean peak capacity of 11.9 MET in the 14 published studies on divers that included 
true aerobic capacity assessment (Pollock 2007). Aerobic capacity data from his own 
laboratory revealed a mean peak capacity of 12.6 ± 2.7 (7.1-20.3) METs in 103 males 
and 11.4 ± 2.4 (7.1-17.3) MET in 29 females (Pollock, Natoli 2009). 

It was generally agreed that the metabolic requirement for normal swimming in 
modest to benign diving conditions was around 4 METs, and a safety margin is 
gained by having the capacity to sustain a 6-MET exercise intensity.

Discussion around this proposal highlighted the dual purpose of the stress test 
and the associated logic for choosing it over alternative investigations for coro-
nary disease risk described earlier in the meeting (Douglas 2011). Specifically, 
the stress test is a widely used and well-understood investigation for inducible 
ischemia, and, in addition, it measures the subject’s exercise capacity, which is 
an important aspect of assessing suitability for diving. The recommendation of a 
desirable standard for exercise capacity will inevitably be somewhat arbitrary, but 
there was no disagreement with “continuous activity at 6 METs.”

There was no discussion on the specific issue of how this would best be assessed. 
One obvious option would be to tailor an exercise test specifically to this pur-
pose and require the subject to exercise at 6 METs for 20-30 minutes. Another 
approach recognizes that the sustainable exercise capacity is usually about 50 
percent of peak capacity. This would translate to a peak exercise capacity on stress 
testing of about 12 METs, which doubles as a desirable target for exclusion of 
inducible myocardial ischemia (Bove 2011). For the reasons cited above there 
was little enthusiasm among discussants for designating a 12-MET peak capacity 
as a required or recommended standard. Nevertheless, if a diver were capable of 

http://archive.rubicon-foundation.org



MEDICAL SCREENING OF RECREATIONAL DIVERS FOR CARDIOVASCULAR DISEASE	 Recreational Diving Fatalities Workshop Proceedings • 215

“The authors identified two 
potential opportunities for 

continuing health surveillance 
in recreational diving:  

at enrollment for continuing  
education courses and  
prior to embarkation on  
dive charter vessels.”

achieving 12 METs in a stress test without symptoms or relevant electrocardio-
graphic changes, this would be very reassuring in respect of both their risk of 
significant coronary disease and their exercise capacity. Although the subject of 
debate in respect of phraseology, it was generally agreed that a higher sustain-
able capacity could be seen as an “ideal” goal for divers such as divemasters and 
instructors who participate in activities where a high standard of readiness could 
be expected and for divers who habitually entered challenging environments. 

There was some discussion around how the reviewing physician would define 
“intermediate” risk in selecting candidates for stress testing, and this was resolved 
with reference to the Framingham Risk Score (Wilson et al. 1998) as a widely 
available and easily applied means of risk assessment. Thus, divers found to be at 
intermediate risk (10-20 percent 10-year cardiovascular event rate) or high risk 
(above 20 percent 10-year event rate) should have further evaluation of their risk 
for a cardiovascular event while diving. This section of the session ended with dis-
cussion of the need for periodic reevaluation after such investigation. There was no 
disagreement with the proposal that this is necessary. It was agreed that the nature 
and periodicity of follow-up should be at the discretion of the reviewing physician.

Longitudinal Health Surveillance of Recreational Divers 
The authors identified two potential opportunities for continuing health surveil-
lance in recreational diving: at enrollment for continuing education courses and 
prior to embarkation on dive charter vessels. The completion of health screening 
questionnaires often occurs in these situations (particularly continuing educa-
tion) already. We also identified the need to encourage voluntary reevaluation and 
identified a number of goals in this regard. Specifically, these were: 

•	 to educate divers on the need to present for review of suitability for diving after 
any sustained change in health

•	 to educate divers not to dive and to present for medical review when unwell

•	 to educate divers to have regular health checks with family physician

•	 to educate divers to present for review of their cardiovascular status at age 45 
for males or 55 for female

There was no debate over most of these recommendations. However, there was 
considerable discussion over the use of medical screening questionnaires prior 
to embarkation on charter vessels. Some commentators were adamant that this 
did not occur and would introduce too many difficulties for dive operators trying 
to interpret the answers. Others were equally adamant that many charter boats 
included medical questions in their waiver documentation, and this is known to 
be true in Queensland, Australia. There was no consensus on the desirability of 
this practice, but it did become clear that there is no standardized questionnaire 
for use in this context. It was acknowledged that comprehensive screening ques-
tionnaires such as the RSTC form were not suitable for dive charter use and that a 
shorter and highly discriminatory tool needs to be developed for that situation.

Conclusions
This workshop has brought clarity to some issues relevant to screening recreational 
diver candidates for diver training. The RSTC health screening questionnaire for 
candidate selection is less comprehensive in relation to cardiovascular conditions and 
risk factors for cardiac disease than the athletics preparticipation screening question-
naire designed by the AHA. A redrafted list of questions is proposed (Table 2) that 
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“The exercise stress test 
remains the intervention of 

choice for investigating diver 
candidates with risk factors 
for ischemic heart disease 

because it provides additional 
information about their  
functional capacity.”

rectifies potential discrepancies in the RSTC form (RSTC 2010) but with careful 
attention to minimizing ambiguity and unnecessary medical review of candidates. 

The exercise stress test remains the intervention of choice for investigating diver 
candidates with risk factors for ischemic heart disease because it provides addi-
tional information about their functional capacity. Recreational diver candidates 
should be capable of a sustained 6-MET workload, and this could reasonably be 
deduced from a 12-MET peak exercise capacity on stress testing.

Longitudinal health monitoring of recreational divers is a universally supported 
goal, and the principles of selection and investigation in relation to cardiac disor-
ders outlined in Figure 1 and discussed earlier in this paper would apply perfectly 
well to divers undergoing health review. 

Reevaluation of health prior to continuing education courses is broadly acceptable 
and currently practiced. There is less consistency and more controversy around 
the use of health screening questionnaires prior to dive charter trips. There is 
a need for a standardized short, highly discriminatory questionnaire that dive 
charter operators could choose to administer if desired. 
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Thursday, April 8, 2010
0800	 Introduction — Vann

Investigation — How can data collection and reporting be improved?
0805	 On-Scene Investigation — Barsky
0850	 Equipment Testing — Bozanic
0935	 Break
0950	 Medical Examiner Activities — Caruso
1040	 Legal Issues Panel — Concannon
1200	 Lunch 

Data Review — What factors are most commonly associated with diving deaths?
1330	 Introduction — Vann
1335	 Developing and Evaluating Interventions Using Surveillance Data — Marshall and Kucera
1420	 DAN America and Europe — Denoble and Marroni
1510	 DAN Asia Pacific — Lippmann
1600	 BSAC (British Sub Aqua Club) — Cumming
1640	 Break
1710	 PADI Data — Richardson and Hornsby
1830	 Social

Friday, April 9

Role of Training — Might changes to training reduce future fatalities?
0800	 Training Panel — Lang
1200	 Lunch

Cardiovascular Fitness — What practice guidelines are appropriate?
1330	 Statement of the Problem — Mitchell
1405	 Cardiovascular Risk in Divers — Bove
1440	 Epidemiology of Cardiovascular Disease — Thompson
1520	 Screening Options — Douglas
1555	 Break
1610	 Discussion
1730	 End Session

Saturday, April 10

Consensus Discussions
0800	 Training and Operations — Lang
0950	 Break
1010	 Physician Practice Guidelines — Bove and Mitchell
1200	 End Session
1230	 Lunch
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Last Name	 First Name	 Organization
Al-Hinai	 Nasser	 Royal Navy, Sultanate of Oman
Ange	 Mike	 Alert Diver, reporter
Barsky	 Steven	 Marine Marketing
Beck	 Iain	 Duke Center for Hyperbaric Medicine and Environmental Physiology
Bennett	 Peter	 UHMS
Bird	 Nick	 DAN America
Boivin	 Gordon	 USCG
Bove	 Alfred	 Temple University
Bozanic	 Jeffrey	 Next Generation Services
Buschmann	 Donald	 UCSD
Caney	 Mark	 PADI/EUF
Carney	 Brian	 SDI/TDI/ERDI
Caruso	 James 	 U.S. Navy
Carver	 David	 LA Sheriff ’s Dept.
Christini 	 Carol	 Insurance Management Services, President
Cicchino	 Reneé	
Colvard	 David	
Concannon	 David 	 DG Concannon, LLC
Cronje	 Frans	 DAN Southern Africa
Cumming	 Brian	 BSAC
Dall	 Jason	 USCG
Davies	 Bruce	 USCG
Denoble	 Petar 	 DAN America
Devore	 Watson	 Scuba Schools International
Donegan	 Danny	 DAN America guest
Douglas	 Pamela	 Duke Medical Center
Douglas	 Eric	 DAN America
Ebersole	 Douglas	 Watson Clinic, LLP
Farkas	 Kim	 Court reporter
Forbes	 Bobby	 SULA
Fousek	 Patricia	 PADI
Freiberger	 Jake	 Duke Center for Hyperbaric Medicine and Environmental Physiology
Gallagher	 Jay	
Graves	 Grant	
Guercio	 Catriona	
Harper	 Shawn	
Haughie	 Dwaine	 NRPS
Hewitt	 Steven	 Hewitt & Truszkowski, LLC
Hobbs	 Gene	 Rubicon/ Duke Hyperbaric Center
Hornsby	 Al	 PADI
Hruska	 Mark	 Schwartz & Horwitz, PLC
Huggins	 Karl	 Catalina Hyperbaric Chamber
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Last Name	 First Name	 Organization
Jaeck	 Francois	 DAN Europe
Jehle	 Carl	 USCG
Jenni	 Craig 	 Dive and Marine Consultants 
Johnson	 Michael	
Kernagis	 Dawn	 Duke Center for Hyperbaric Medicine and Environmental Physiology
Kison	 JoAnn	
Kucera	 Kristen 	 Duke Occupational Medicine
Kurtis	 Ken	
Lambertsen	 Christian	
Lang	 Michael	 Smithsonian Institution
Lee	 John	 DAN America
Lippmann	 John 	 DAN Asia-Pacific
Marroni	 Alessandro	 DAN Europe
Marshall	 Stephen	 UNC-Chapel Hill
McCafferty	 Marty	 DAN America
Mendoza	 Pedro	 USCG
Mercurio	 Scott	 USCG
Merrick 	 Shawn	 USCG
Merril	 Sam	 DAN America
Mitchell	 Simon	 University of Aukland
Moon	 Richard	 Duke Center for Hyperbaric Medicine and Environmental Physiology
Moore	 Jeanette	 DAN America
Moore	 Greg	 DAN America
Mulford	 Wayne	 DAN America guest
Murray	 John	 US Navy
Nord	 Dan	 DAN America
Norris 	 John	 Aqua Dive
Norsworthy	 John	 USCG
Ochoa	 Edgardo	 Intituto Smithsonian de Investigaciones Tropicales
Orr	 Dan	 DAN America
Orr	 Betty	 DAN America
Partridge	 Bruce	 Shearwater
Partridge	 Lynn	 Shearwater
Pearson	 Jim	 USCG
Penland	 Laurie	
Pilkington	 Jon	 NRPS
Pollock	 Neal	 DAN America
Richardson	 Drew	 PADI
Russomanno	 Mark	
Sadler	 Richard	
Schopp	 Michelle	 USCG
Schultz	 Gregory	 USCG
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Last Name	 First Name	 Organization
Seery	 Patty	 DAN America
Sherman	 Stefan	 US Army, Ret
Shields	 Raymond	 Mayo Clinic
Shreeves	 Karl	 PADI
Smith	 Scott	 DAN America
Stanton	 Gregg	
Stolp	 Bret	 Duke Center for Hyperbaric Medicine and Environmental Physiology
Thompson	 Paul	 Hartford Hospital
Travland	 Nicolette	 USCG
Vann	 Richard 	 DAN America
Wake	 Brian	 DAN America guest
Walker	 Richard	 Duke Center for Hyperbaric Medicine and Environmental Physiology
Watson	 James 	 BSAC
Wilk	 Barbara	 USCG
Zettwoch	 Larry	 DAN America guest
Zylka	 Colin	
Zylka	 Jean	
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Q. What is the recommended ascent rate for recreational diving?
A.  30–60 feet per minute.  

Q. What are four steps to avoid running out of air? 
A.  (a) Start with a full scuba cylinder, (b) dive with a buddy, (c) monitor cylinder pressure often, (d) dive with a redundant air 
source

Q.  What should you do if you become entangled?
A. Stop, breathe, think. Free yourself with the cutting tool you carry.

Q. What is the best way to prevent entrapment?
A. Avoid overhead environments such as caves or inside wrecks.

Q. How do you achieve neutral buoyancy?
A.  With appropriate training, proper weighting and practice

Q. What factors should you consider when choosing a dive site?
A. Dive site conditions, your physical condition, your training and experience

Q. How can you minimize buddy separation?
A. Check your buddy often.

Q. What two common pieces of equipment help control buoyancy?
A. Weights and buoyancy compensator

Q. When should you take a dive refresher?
A. When you feel you need a skills update or haven’t dived in about six months

Q. What should you do before diving if your health has changed? 
A. See a dive medicine physician

Q. What should you do if you feel sick or anxious before or during a dive?
A.  Cancel or end the dive

Q. What is the most important piece of dive equipment?
A. Your brain
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Marine Marketing & Consulting
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Diving Accident Equipment Inspection
Victim’s name:_______________________________________________________________________________________

Location of accident:__________________________________________________________________________________

Date of accident:_____________________________________	 Case number:____________________________________

Date of gear inspection:________________________________________________________________________________

Location of gear inspection:_ ___________________________________________________________________________

Parties present during inspection:________________________________________________________________________

Has gear been washed or cleaned?_ ______________________	 Was gear tested by police?___________________________

COMPLETE SYSTEM

Is cylinder band tight?_________________________________	 Is cylinder band at appropriate height?_________________

Is regulator oriented properly?_ _________________________________________________________________________

Is BC inflated?_______________________________________	 Photo taken?_____________________________________

CYLINDER

Size:_______________________________________________	 Manufacturer:____________________________________

Serial number:_______________________________________	 Working pressure:_________________________________

Date manufactured?_ _________________________________	 Color of cylinder:_________________________________

Other marks:________________________________________________________________________________________

Hydro test dates:_____________________________________________________________________________________

VIP history:_________________________________________________________________________________________

__________________________________________________________________________________________________

Pressure in cylinder:__________________________________	 General condition:_ _______________________________

Boot:_ _____________________________________________	 Photo Taken:_____________________________________

Cylinder VALVE

Manufacturer:_______________________________________	 Type of valve:_ ___________________________________

O-ring condition:_ ___________________________________	 Condition of valve:________________________________

Operation of valve:_ __________________________________	 Photo taken:_____________________________________

Number of turns to fully open:__________________________	 Serial number:_ __________________________________

Other marks:________________________________________________________________________________________
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BUOYANCY COMPENSATOR

Manufacturer:_______________________________________	 Model Name:_ ___________________________________

Serial Number:_ _____________________________________	 In-service date:___________________________________

Bladder type:________________________________________	 Condition:_______________________________________

Size:_______________________________________________	 Color:__________________________________________

Other marks:________________________________________________________________________________________

Photo taken:_ _______________________________________	 Lift capability:____________________________________

Corrugated hose attachment:_ __________________________________________________________________________

Condition of waist belt:________________________________________________________________________________

Condition of chest strap:_______________________________________________________________________________

Condition of shoulder straps:___________________________________________________________________________

Condition of cylinder band:_ ___________________________________________________________________________

Contents of right pocket:_______________________________________________________________________________

Contents of left pocket:________________________________________________________________________________

Items clipped to BC:_ _________________________________________________________________________________

Strap condition:______________________________________________________________________________________

Strap properly threaded?_______________________________	 Photo tgaken:____________________________________

POWER INFLATOR

General condition:_ __________________________________	 Manufacturer:____________________________________

Number tie-wraps:_ __________________________________	 Serial number:_ __________________________________

Other marks:________________________________________	 Mouthpiece condition:_____________________________

Condition of tie-wraps:________________________________________________________________________________

BC FUNCTION TESTS

Does BC hold air?____________________________________	 Does power inflator function properly?________________

Does reg function work?_______________________________	 Does overpressure relief work?_______________________

Does dump valve work?_ ______________________________

WEIGHTS (If weight integrated)

Total weight:_ _______________________________________________________________________________________

Weight distribution:_ _________________________________________________________________________________

Weight release function?_______________________________________________________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

http://archive.rubicon-foundation.org



228  •  Recreational Diving Fatalities Workshop Proceedings	 APPENDIX D: ON-SITE FATALITY INVESTIGATION CHECKLISTS

REGULATOR

Manufacturer:_______________________________________	 Model:__________________________________________

In-sevice date:_______________________________________________________________________________________	

FIRST STAGE

Serial number:_______________________________________	 Condition:_______________________________________

Filter condition:______________________________________	 Environmental cap?_ ______________________________

Dust cap:___________________________________________	 Color:__________________________________________

Shop ID marks:______________________________________	 Photo taken?_____________________________________

PRIMARY SECOND STAGE

Manufacturer_______________________________________	 Model:__________________________________________

Serial number:_______________________________________	 Color:__________________________________________

Shop ID marks:______________________________________	 Condition:_______________________________________

Condition mouthpiece lugs?____________________________	 Condition tie-wrap?_______________________________

Photo taken?________________________________________

OCTOPUS SECOND STAGE

Manufacturer_______________________________________	 Model:__________________________________________

Serial number:_______________________________________	 Color:__________________________________________

Shop ID marks:______________________________________	 Condition:_______________________________________

Condition mouthpiece lugs?____________________________	 Condition tie-wrap?_______________________________

Photo taken?________________________________________

INFLATOR HOSE

For BC?____________________________________________	 Condition:_______________________________________

For drysuit?_________________________________________	 Condition:_______________________________________

Photos taken?_ ______________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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DIVE COMPUTER

Manufacturer:_______________________________________	 Model number:___________________________________

Serial number:_______________________________________	 Color:__________________________________________

In-service date:_ _____________________________________	 Condition:_______________________________________

Shop ID marks:______________________________________	 Battery condition:_________________________________

Service info:_________________________________________	 Photos taken?____________________________________

Readings:___________________________________________________________________________________________	

Dive # Date Time of Day Depth Bottom Time Ascent Rate

Dive #1

Dive #2

Dive #3

Dive #4

Dive #5

Dive #6

Dive #7

Dive #8

Dive #9

Dive #10

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

INSTRUMENT CONSOLE

Manufacturer:_______________________________________	 Depth gauge:_____________________________________

Depth gauge model:_ _________________________________	 Depth gauge manufacturer:_ ________________________

Depth gauge serial number:_ ___________________________	 Max depth indicator reading:________________________

Range of depth gauge:_________________________________	 Does gauge read zero?_ ____________________________

General condition:_ __________________________________	 Photo taken?_____________________________________

Compass?_ _________________________________________

Submersible Pressure Gauge

Range______________________________________________	 Manufacturer_ ___________________________________

Serial number:_______________________________________	 Does gauge read zero?_ ____________________________

Condition_ _________________________________________	 Photo taken?_____________________________________

Slate present:________________________________________	 Markings on slate:_________________________________

Comments:_________________________________________________________________________________________

__________________________________________________________________________________________________
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Drysuit

Manufacturer_______________________________________	 Model:__________________________________________

Size:_______________________________________________	 Color:__________________________________________

Serial number:_______________________________________	 Inflator valve mfg._________________________________

Condition exhaust:_ __________________________________	 Function inflator:_________________________________

Exhaust valve mfg.____________________________________	 Condition exhaust:________________________________

Function exhaust:_ ___________________________________	 Zipper mfg.______________________________________

Hood?_____________________________________________	 Condition zipper:_________________________________	

Function of zipper:_ __________________________________

Type neck seal:_ _____________________________________	 Condition neck seal:_______________________________

Type wrist seals:_____________________________________	 Condition wrist seals:______________________________

Type boots:_ ________________________________________	 Condition of boots:________________________________

Punctures?__________________________________________

Comments:_________________________________________________________________________________________

__________________________________________________________________________________________________

Wetsuit

Manufacturer:_______________________________________	 Model:__________________________________________

Color(s):_ __________________________________________	 Style:___________________________________________

Thickness:__________________________________________	 General condition:_ _______________________________

Jacket zip condition:_ _________________________________	 FJ zipper condition:_ ______________________________

Beaver tail closure:_ __________________________________	 Closure condition:_ _______________________________

Size:_______________________________________________	 Hood?__________________________________________

Comments__________________________________________________________________________________________

__________________________________________________________________________________________________

Weight Belt

Type of belt:_________________________________________	 Type of buckle:___________________________________

Number of weights:___________________________________	 Type of weights:_ _________________________________

Color of weights:_____________________________________	 Weight keepers?_ _________________________________

Total weight:_ _______________________________________	

Clips & accessories?___________________________________________________________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

http://archive.rubicon-foundation.org



APPENDIX D: ON-SITE FATALITY INVESTIGATION CHECKLISTS	 Recreational Diving Fatalities Workshop Proceedings • 231

Mask, Fins and Snorkel

Mask mfg. :_________________________________________	 Model:__________________________________________

Color:_ ____________________________________________	 Condition:_______________________________________

Purge valve?_________________________________________	 Purge valve condition:_ ____________________________

Strap condition:______________________________________________________________________________________

Snorkel Mfg._ _______________________________________	 Model:__________________________________________

Color:_ ____________________________________________	 Purge valve?_ ____________________________________

Snorkel keeper:______________________________________	 Purge valve condition:_ ____________________________

Fins mfg.___________________________________________	 Model:__________________________________________

Size of fins:__________________________________________	 Color:__________________________________________	

General condition:_ __________________________________	 Strap condition:_ _________________________________

MAINTENANCE RECORDS

Cylinder
BC
Power Inflator
Regulator
Dive Computer
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Appendix E1

Open-Circuit Scuba Equipment Evaluation Forms

Jeffrey E. Bozanic
Next Generation Services

P.O. Box 3448
Huntington Beach, CA 92605-3448 USA

David M. Carver
Emergency Services Detail

Los Angeles County Sheriff ’s Department
1060 North Eastern Avenue
Los Angeles, CA 90063 USA
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Forms in Appendix E:

•	 Dive computers

•	 Cylinders

•	 Valves

•	 Deco, pony or bailout cylinders

•	 Buoyancy compensators/alternate air sources

•	 Regulators

•	 Wetsuits

•	 Drysuits

•	 Watches, bottom timers, SPGs, compasses, depth gauges, capillary gauges, temperature gauges

•	 Masks

•	 Snorkels

•	 Fins

•	 Camera and video equipment

•	 Slates

•	 Goodie bags

•	 Lift bags

•	 Reels

•	 Knives/cutting tools

•	 Dive lights

•	 Jon lines

•	 Spear guns and slings

•	 Diver propulsion units
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Dive Computer  (Complete one form per computer.)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial#: ____________________________________________	 Condition:      Poor        Fair        Good        Excellent

Battery status: _____________________    Computer set to the correct time?      Yes          No

Computer status:		  Working		  Not working		  No battery

Location of the computer:	 Wrist mount		  Console on HP hose

				    Attached to BC		  Attached to hose	 Mask

				    Other: _____________________________________________

				    Decedent’s computer		  Dive partner’s computer

Type of dive computer:		  Basic air only		  Basic nitrox		  Technical gas

				    Air integrated		  Dive profile recorder

				    Downloadable:      Yes        No

				    Programmable:      Yes        No

Program/mode used:		  Gauge mode		  Air mode		  Nitrox mode

				    Trimix mode		  Heliox mode		  Not working

				    Open circuit		  Closed circuit

Gas(es) programmed into computer:  % O2 ______   %He ______  In use at time

Gas #_____  %He _____  %O2 _____ OC/CC		  Gas #_____  %He _____  %O2 _____ OC/CC

Gas #_____  %He _____  %O2 _____ OC/CC		  Gas #_____  %He _____  %O2 _____ OC/CC

Gas #_____  %He _____  %O2 _____ OC/CC		  Gas #_____  %He _____  %O2 _____ OC/CC

Gas #_____  %He _____  %O2 _____ OC/CC		  Gas #_____  %He _____  %O2 _____ OC/CC

Gas #_____  %He _____  %O2 _____ OC/CC		  Gas #_____  %He _____  %O2 _____ OC/CC

List the computer’s status at the following times:

When first located: 	 On	 Off	 Dive Mode	 Violation Mode	SI Mode

At the surface:		  On	 Off	 Dive Mode	 Violation Mode	SI Mode

During evaluation: 	 On	 Off	 Dive Mode	 Violation Mode	SI Mode

Does computer automatically go into dive mode when submersed?        Yes	 No

At what depth does computer go into Surface Mode (SI)? ___________________

If the computer information has been recorded, download the information as soon as possible and print hard copies of all 
relevant profiles and dive details. Maintain a computer file of the data that was downloaded. The computer’s manufacturer 
might need to be contacted to assist in this process. Chamber directors like Karl Huggins have also proven to be a valuable 
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resource when assistance is needed in downloading from older computers. If the computer data cannot be downloaded, 
take photographs of the different screens showing any relevant information. After all important information has been  
gathered, the computer should be tested to ensure the computer was/is functioning correctly.

Computer information downloaded?	 Yes	 No	

Downloaded by: ________________________		  Date/time: _________________________

Computer records depth/time every ______ seconds

Computer shows gas consumption rates?     Yes          No

Depth testing of the computer

Depth		  Computer depth		  Depth		  Computer depth

    0 fsw		 ______ fsw			   130 fsw		 ______ fsw

  10 fsw		 ______ fsw			   120 fsw		 ______ fsw

  20 fsw		 ______ fsw			   110 fsw		 ______ fsw

  30 fsw		 ______ fsw			   100 fsw		 ______ fsw

  40 fsw		 ______ fsw			     90 fsw		 ______ fsw

  50 fsw		 ______ fsw			     80 fsw		 ______ fsw

  60 fsw		 ______ fsw			     70 fsw		 ______ fsw

  70 fsw		 ______ fsw			     60 fsw		 ______ fsw

  80 fsw		 ______ fsw			     50 fsw		 ______ fsw

  90 fsw		 ______ fsw			     40 fsw		 ______ fsw

100 fsw		 ______ fsw			     30 fsw		 ______ fsw

110 fsw		 ______ fsw			     20 fsw		 ______ fsw

120 fsw		 ______ fsw			     10 fsw		 ______ fsw

130 fsw		 ______ fsw			       0 fsw		 ______ fsw

Complete a copy of this form for each dive computer worn by the decedent. If possible, complete this form for each dive 
computer worn by the decedent’s dive partner, including all downloadable information.  

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

http://archive.rubicon-foundation.org



APPENDIX E1: OPEN-CIRCUIT SCUBA EQUIPMENT EVALUATION FORMS	 Recreational Diving Fatalities Workshop Proceedings • 237

Cylinder  (Complete one form per cylinder.)

Manufacturer:_______________________________________	 Model:__________________________________________

Working pressure:____________________________________	 Serial #:_________________________________________

Pressure when recovered:_ _____________________________

Type:	 Single	 Sidemount	 Doubles	 Bailout	 Deco	 Staged	 Pony

Gas type:	 Air	 Nitrox	 Trimix	 Heliox	 O2 Clean	

Cylinder Condition:	 Poor	 Fair	 Good	 Excellent

Type:	 Steel	 HP  or  LP	 Aluminum	 Composite

Size:_______________________________________________	 Color:__________________________________________

Boot:     Yes       No		           Cylinder wrap:     Yes       No

VIP date:___________________________________________	 Where:_ ________________________________________

Hydro date:_________________________________________	 Where:_ ________________________________________

Initial fill pressure, if known:____________________________________________________________________________

Where the cylinder was last filled:________________________________________________________________________

Compressor owner and address:_________________________________________________________________________

Current compressor gas analysis on file:	   Yes	 No	 (Attach copy of analysis.)

Last compressor filter change:___________________________________________________________________________

Oxygen clean compressor:     Yes       No

Who last filled the cylinder?____________________________________________________________________________

Date the cylinder was filled:_ ___________________________________________________________________________

Gas labels attached to cylinder:     Nitrox          Trimix          Other: _________________

Reported gas mix used:     	 Air        		 Nitrox ______	

				    Heliox/trimix  	 O2 ______   He ______

Was decedent trained in the use of the gas? 	 Yes	 No	 Certification: ______

Was the cylinder analyzed before the dive?	 Yes	 No	 Unknown

Who analyzed the cylinder?_ ___________________________________________________________________________

Investigator analysis

Pressure in cylinder when tested:_ _______________________________________________________________________

Manufacturer, model and serial# of analyzer:_______________________________________________________________

Test results of portable analyzer:    O2 ______   He ______

Name of person who tested portable analyzer:______________________________________________________________

Date/time analyzer was tested:_ _________________________________________________________________________
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Outside Gas Analysis Information

Cylinder sent for outside analysis:     Yes        No

Where was cylinder sent:	 AQMD Lab	 Private Lab	 Crime Lab

Name of the lab:_ ____________________________________________________________________________________

Address to the lab:____________________________________________________________________________________

Cylinder given to (name):______________________________________________________________________________

Date/time cylinder was delivered:________________________________________________________________________

Cylinder pressure at delivery:___________________________________________________________________________

Date/time cylinder was returned:________________________________________________________________________

Cylinder pressure when returned:________________________________________________________________________

Cylinder analyzed by:_________________________________________________________________________________

Results:      Meets Grade E Scuba Air	 O2 ______   He______  N2 ______

                    Failed for the following reason:_________________________________________________________________

In-House Gas Analysis Information

Cylinder gas analyzed by:______________________________________________________________________________

Where cylinder was analyzed:___________________________________________________________________________

Date/time of analysis:_ ________________________________________________________________________________

Cylinder pressure when analyzed:________________________________________________________________________

Cylinder pressure when done:___________________________________________________________________________

Testing analyzer manufacturer:________________________Model:___________________ Serial#:_ ___________________	

Date the analyzer was last tested/calibrated:________________________________________________________________

Gauge manufacturer/model/serial#:______________________________________________________________________

Gauge last calibrated:_ ________________________________________________________________________________

Results:     O2 _____  He_____
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Visual Inspection Information

VIP conducted by:____________________________________________________________________________________

Company name/address:_______________________________________________________________________________

Date/time VIP was conducted:__________________________________________________________________________

Results:     Pass        Fail        Fail Reasons:__________________________________________________________________	

Notes:_ ____________________________________________________________________________________________	

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

A complete gas analysis of all cylinders used during diving fatalities should be conducted by an accredited lab to ensure the 
gas meets scuba standards.

Use calibrated stand-alone gauges for cylinder pressure.

Complete a copy of this form for each cylinder used by the decedent.  This includes a partner’s cylinder if the decedent 
used it during the dive or if the partner reported problems that may possibly be related to bad gas in the cylinder.  
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Valves  (Complete one form per valve.)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial#: ____________________________________________	 Condition:      Poor        Fair        Good        Excellent

Serial number of the cylinder to which the valve was attached:_________________________________________________

Type:	 Yoke	   O-ring in place:     Yes        No		  O-ring condition:   P    F    G    E

	 DIN	   Yoke insert:	       Yes        No		  O-ring condition:   P    F    G    E

Manifold:     Yoke        DIN        N/A

Was the valve oxygen cleaned?				    Yes	 No	 Unknown

How was regulator attached to the valve?__________________________________________________________________

Did O-ring or valve leak during underwater test?		 Yes	 No

Position of the valve at time of fatality:____________________________________________________________________

Position of the valve at start of testing:____________________________________________________________________

Was valve manipulated during rescue/recovery?		  Yes	 No	 Unknown

Number of turns from open to close:_ ____________________________________________________________________

Difficulty in turning the valve on or off:			   Easy	 Moderate      Difficult

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Deco, Pony or Bailout Cylinder(s)  (Complete one form per cylinder.)

Manufacturer:_______________________________________	 Model:__________________________________________

Working pressure:____________________________________	 Serial #:_________________________________________

Pressure when recovered:_ _____________________________

Type:	 Bailout	 Deco	 Staged	 Spare air

Gas type:	 Air 	 Nitrox	 Trimix	 Heliox	 O2 clean	

Cylinder condition:	 Poor     	 Fair     	 Good     	 Excellent

Type:	 Steel	 HP  or  LP	 Aluminum	 Composite

Size:_______________________________________________	 Color: __________________________________________

VIP date: ___________________________________________	 Where: _________________________________________

Hydro date: _________________________________________	 Where: _________________________________________

How was the cylinder carried?_ _________________________________________________________________________

How was regulator secured to the cylinder?     Band        Clip        Other:__________________________________________

Could decedent reach 2nd stage?	 Yes	 No	 Unknown

Could decedent reach valve?		  Yes	 No	 Unknown

Initial fill pressure, if known:____________________________________________________________________________

Where the cylinder was last filled:________________________________________________________________________

Compressor owner and address:_________________________________________________________________________

Current compressor gas analysis on file?	 Yes	 No	 (Attach copy of analysis.)

Last compressor filter change:___________________________________________________________________________

Oxygen clean compressor?		  Yes	 No

Who last filled the cylinder?____________________________________________________________________________

Date the cylinder was filled: ____________________________________________________________________________

Gas labels attached to cylinder:	 Nitrox	 Trimix	 Other: ________

Reported gas mix used:   	 Air	 Nitrox ________	

		  Trimix  O2 _______  He _______

		  Heliox  O2 _______  He _______

Was decedent trained in the use of the gas:?     Yes        No        Certification:_______________________________________

Was the cylinder analyzed before the dive?       Yes        No        Unknown

Who analyzed the cylinder?_ ___________________________________________________________________________
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Investigator Analysis

Manufacturer, model and serial# of analyzer:_______________________________________________________________

Pressure in cylinder at time of testing:_ ___________________________________________________________________

Test results of portable analyzer:    O2 ______   He ______

Name of person who tested portable analyzer:______________________________________________________________

Date/time analyzer was tested:_ _________________________________________________________________________

Outside Gas Analysis Information

Cylinder sent for outside analysis?     Yes        No

Where was cylinder sent:	 AQMD Lab	 Private Lab	 Crime Lab

Name of the lab:_ ____________________________________________________________________________________

Address to the lab:____________________________________________________________________________________

Cylinder given to (name):______________________________________________________________________________

Date/time cylinder was delivered:________________________________________________________________________

Cylinder pressure at delivery:___________________________________________________________________________

Date/time cylinder was returned:________________________________________________________________________

Cylinder pressure when returned:________________________________________________________________________

Cylinder analyzed by:_________________________________________________________________________________

Results:      Meets Grade E Scuba Air	 O2 ______   He______  N2 ______

                    Failed for the following reason:_________________________________________________________________

In-House Gas Analysis Information

Cylinder gas analyzed by:______________________________________________________________________________

Where cylinder was analyzed:___________________________________________________________________________

Date/time of analysis:_ ________________________________________________________________________________

Cylinder pressure when analyzed:________________________________________________________________________

Cylinder pressure when done:___________________________________________________________________________

Testing analyzer manufacturer:________________________Model:___________________ Serial#:_ ___________________	

Date the analyzer was last tested/calibrated:________________________________________________________________

Gauge manufacturer/model/serial#:______________________________________________________________________

Gauge last calibrated:_ ________________________________________________________________________________

Results:     O2 _____  He_____
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Visual Inspection Information

VIP conducted by:____________________________________________________________________________________

Company name/address:_______________________________________________________________________________

Date/time VIP was conducted:__________________________________________________________________________

Results:     Pass        Fail        Fail Reasons:__________________________________________________________________	

Notes:_ ____________________________________________________________________________________________	

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

Complete a copy of this form for each cylinder used by the decedent. This includes a partner’s cylinder if the decedent used 
it during the dive or if the partner reported problems that may possibly be related to bad gas in the cylinder. 
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Buoyancy Compensator

Manufacturer:_______________________________________	 Model:__________________________________________

Serial#: ____________________________________________	 Condition:      Poor        Fair        Good        Excellent

Size:   XS     S     M     L     XL     XXL	 Volume: ________________	 Color: ________________

Type:	 Jacket Style	 Horse Collar	 Jacket/Wing

	 Back Plate:	 Steel 	 Composite	 Aluminum 	 Plastic	 Other: ________________

	 Wing:	 Banded	 Non-Banded

	 Wing Volume: _________

BC size appropriate for the diver?		  Yes	 No

BC attached to cylinder(s) properly?		  Yes	 No

Crotch strap?					     Yes	 No

Crotch strap interfere with weight ditching?	 Yes	 No	 Unknown

Weight integrated BC?				    Yes	 No

Weight integration type:     Velcro        Snap buckle        Ripcord pull        Other:____________________________________

Weight per integrated pocket:			   Left: ___________	 Right: ___________

Trim pockets? 					     Yes	 No

Trim pocket locations:_________________________________________________________________________________

Weight contained in the trim pockets:		  Left: ___________	 Right: ___________

Integrated weights able to be ditched easily:	 Yes 	 No

Amount of gas in the BC:      __________ cc’s	

Amount of water in the BC:   __________cc’s	 Fresh 	 Salt

Power inflator attached correctly?		  Yes	 No

Does power inflator work correctly?		  Yes	 No

Does manual inflation work correctly?		  Yes	 No

Location of the dump valves:			   Upper right		  Upper left

						      Lower right		  Lower left

Do all the dump valves work?			   Yes	 No	 Notes:________________________________________

 

Does the BC hold air?				    Yes	 No	 Notes: ________________________________________

Any leaks detected?				    Yes	 No

If yes, where were the leaks?____________________________________________________________________________
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In-water testing of power inflator/dump valves:     Worked as designed	 Did not work as designed

Any type of in-water malfunction?_______________________________________________________________________

Any diver modifications to the BC or weight system?	 Yes	 No

Describe in detail:____________________________________________________________________________________

(Is there anything that prevents weight pockets from being dumped as designed?)

Do the regulator hoses interfere with BC operation?	 Yes	 No

Auxiliary gear attached to BC: 	 Knife	 Light	 Goodie Bag

		  Reel	 Lift Bag	 Camera

		  Audible Signal Device	 Other:____________________________________

Alternate air source connected to the BC

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Condition:	 Poor		  Fair		  Good		  Excellent

LP hose connected properly to air source?	 Yes	 No

Air source second stage works as designed?	 Yes	 No

In-water testing worked as designed?		  Yes	 No

Inhalation effort:_____________________________________	 Exhalation effort:_ ________________________________

Cylinder pressure when tested (should match cylinder pressure at time of fatality):_________________________________

IP pressure:_________________________________________	 Cracking pressure:_ _______________________________

Magnahelic pressure:__________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Regulators  (Complete one form per regulator.)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 IP pressure:______________________________________

Type:		  Piston	 Diaphragm	 Yoke	 DIN

Condition of first stage:		  Poor	 Fair	 Good	 Excellent

Sinter Screen condition: 	 Poor	 Fair	 Good	 Excellent

How many high-pressure ports?_________________________	   How many low-pressure ports?_____________________

How many high-pressure hoses are attached to the first stage?__________________________________________________

HP #1:	 Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

HP #2: 	Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

How many low-pressure hoses are attached to the first stage?_ _________________________________________________

LP #1:	 Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

LP #2:	 Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

LP #3:	 Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

LP #4:	 Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

LP #5:	 Brand: ___________________  Color: _____________   Length: _______  Use: ___________________________

Was first stage attached correctly to valve?	 Yes	 No	 Unknown

Condition of the O-ring connecting a DIN first stage to the cylinder valve?

	 Poor	 Fair	 Good	 Excellent	 Missing

Second Stage of the Regulator

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Condition of 2nd stage:		  Poor	 Fair	 Good	 Excellent

Condition of the mouthpiece:	 Poor	 Fair	 Good	 Excellent	 Missing

Any holes or bite marks noted on the mouthpiece?	 No	 Yes	 Where?______________________

Type of mouth piece:		  Standard	 Orthodontic 	 Heat molded

Brand, type, length and color of the hose:__________________________________________________________________

Position of diver control knob (note if none):_______________________________________________________________

Position of venture knob (note if none):___________________________________________________________________

Inhalation effort:_______________________ 	Exhalation effort:_ _____________________	 PSI tested:_________________

Cracking pressure:______________________ 	Magnahelic pressure:_ __________________	 PSI tested:_________________
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ANSTI test results:  	 Worked as designed	 Failed the ANSTI test

Worked underwater as designed? 		  Yes	 No

Regulator (Alternate 2nd Stage)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Condition of alternate 2nd stage:	 Poor	 Fair	 Good	 Excellent

Condition of the mouthpiece: 	 Poor	 Fair	 Good	 Excellent	 Missing

Any holes or bite marks noted on the mouthpiece:	 No	 Yes	 Where?______________________

Type of mouth piece:		  Standard	 Orthodontic 	 Heat molded

Brand, type, length and color of the hose:__________________________________________________________________

Position of diver control knob (note if none):_______________________________________________________________

Position of venture knob (note if none):___________________________________________________________________

How was the decedent wearing the alternate 2nd stage?_______________________________________________________

Inhalation effort:_______________________ 	Exhalation effort:_ _____________________	 PSI tested:_________________

Cracking pressure:______________________ 	Magnahelic pressure:_ __________________	 PSI tested:_________________

ANSTI test results:  		  Worked as designed	 Failed the ANSTI test

Worked underwater as designed? 		  Yes	 No

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Wetsuits

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Condition of the suit:	 Poor	 Fair	 Good	 Excellent	 Cut off

Wetsuit:	 Body size: _____________	 Thickness: _________ mm

Body type:	 Front zip		  Side zip	 Rear zip	 Hooded vest

	 Attached hood	 One piece	 Two piece		

	 Other: ______________________________________________________________

Gloves:	 Hand size: _________	 Thickness: _________ mm	 Type: _____________

Vest:	 Vest size: _________	 Thickness: _________ mm	 Type: _____________

Hood:	 Head size: _________	 Thickness: _________ mm	 Type: _____________

Booties:	 Boot size: __________	 Thickness: _________ mm	 Type: _____________

Lycra suit:	 Size: ______________	 Thickness: _________ mm	 Type: _____________

Does the suit have any holes? 	 Yes	 No	 Location: _______________________

Do the gloves have any holes? 	 Yes	 No	 Location: _______________________

Does the vest have any holes? 	 Yes	 No	 Location: _______________________

Does the hood have any holes? 	 Yes	 No	 Location: _______________________

Do the booties have any holes? 	 Yes	 No	 Location: _______________________

Does the wetsuit have any damage that is consistent with trauma?		 Yes	 No

Was the diver experienced in the wetsuit?				    Yes	 No

Was the diver used to diving in cold water?				    Yes	 No

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Drysuits

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Condition of the suit:		  Poor	 Fair	 Good	 Excellent	 Cut

Condition of the seals:		  Poor	 Fair	 Good	 Excellent        Cut 

Condition of the zipper:  	 Poor	 Fair	 Good	 Excellent        Cut 

Condition of relief zipper:  	 Poor	 Fair	 Good	 Excellent        Cut 

Drysuit:	 Body Size: _________	 Type: _________________

Body type:	 Front zip		  Side zip	 Rear zip	 Latex seals

	 Attached hood	 Dry gloves	 Attached boots		  Neoprene seals

Gloves:	 Hand size: _________	 Thickness: _________ mm	 Type: _____________

Hood:	 Head size: _________	 Thickness: _________ mm	 Type: _____________

Pocket locations:_____________________________________________________________________________________

Pocket type:	 Velcro	 Zipper	 Neoprene

Contents of the pockets:_ ______________________________________________________________________________

LP hose connected to the drysuit valve?  	 Yes	 No	 Unknown

Brand and condition of the LP hose:______________________________________________________________________

Does the drysuit valve function?		  Yes	 No	 Unknown

Location of the exhaust valve on the suit:__________________________________________________________________

Does the exhaust valve function properly?_________________________________________________________________

Any debris located in the exhaust valve? 	 Yes	 No

Did undergarment get stuck in exhaust valve?	 Yes	 No 	 Unknown

In what position was the exhaust valve dial?________________________________________________________________

Did the drysuit flood?			   Yes	 No	 Unknown

Type of insulation worn under the drysuit:_________________________________________________________________

Was victim certified or trained in drysuit use?	 Yes	 No	

Level of experience in a drysuit:    None        Novice (1-10 dives)       Intermediate (11-50 dives)       Experienced (>50 dives)

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Watch, Bottom Timer, SPG, Compass, Depth Gauge, Capillary Gauge, Temperature Gauge  
(Complete one form per instrument.)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Type of gauge:_______________________________________________________________________________________

Condition of the gauge:		  Poor	 Fair	 Good	 Excellent

Is the time correct on timing devices?		  Yes	 No

Is temperature correct on all thermometer devices?	 Yes	 No

Depth Testing of the Depth Gauge (Descent/Ascent)

Test Gauge Depth	 Computer Depth		  Test Gauge Depth	 Computer Depth

    0 fsw	 ______ fsw			   130 fsw		  ______ fsw

  10 fsw	 ______ fsw			   120 fsw		  ______ fsw

  20 fsw	 ______ fsw			   110 fsw		  ______ fsw

  30 fsw	 ______ fsw			   100 fsw		  ______ fsw

  40 fsw	 ______ fsw			     90 fsw		  ______ fsw

  50 fsw	 ______ fsw			     80 fsw		  ______ fsw

  60 fsw	 ______ fsw			     70 fsw		  ______ fsw

  70 fsw	 ______ fsw			     60 fsw		  ______ fsw

  80 fsw	 ______ fsw			     50 fsw		  ______ fsw

  90 fsw	 ______ fsw			     40 fsw		  ______ fsw

100 fsw	 ______ fsw			     30 fsw		  ______ fsw

110 fsw	 ______ fsw			     20 fsw		  ______ fsw

120 fsw	 ______ fsw			     10 fsw		  ______ fsw

130 fsw	 ______ fsw			       0 fsw		  ______ fsw
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Testing of the SPG (Pressurization/Depressurization Cycle)

Test Gauge Pressure	 SPG Pressure			  Test Gauge Pressure	 SPG Pressure

      0 psi	 ______ psi			   3500 psi		  ______ psi

  500 psi	 ______ psi			   3000 psi		  ______ psi

1000 psi	 ______ psi			   2500 psi		  ______ psi

1500 psi	 ______ psi			   2000 psi		  ______ psi

2000 psi	 ______ psi			   1500 psi		  ______ psi

2500 psi	 ______ psi			   1000 psi		  ______ psi

3000 psi	 ______ psi			     500 psi		  ______ psi

3500 psi	 ______ psi			         0 psi		  ______ psi
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Masks  (Complete one form per mask.)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Data-type mask?		  Yes	 No

Condition of the mask:		  Poor	 Fair	 Good	 Excellent	 Missing

Skirt intact?		  Yes	 No	 Strap intact? 	 Yes	 No

Mask found on decedent?	 Yes	 No	 Mask on face 	 Mask on forehead	

Did the decedent have any problems equalizing or clearing the mask?	 Yes	 No	 Unknown

Was the mask flooded or partially flooded before fatality occurred?	 Yes	 No	 Unknown

Corrective lenses?				    Yes	 No		

Decedent’s vision without corrective lenses:________________________________________________________________

Was decedent wearing contacts during the dive?		  Yes	 No	 Unknown

Magnifying inserts: 		  Yes	 No

LCD display:		  Yes	 No	 Functioning properly?	 Yes		  No

Did the mask have a purge valve?	 Yes	 No 	 Functioning properly?	 Yes		  No

Any blood or foreign objects inside the mask?		  Yes	 No

Detail:_ ____________________________________________________________________________________________

Data Mask Function Test

Did data mask function properly?	 Yes	 No

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Snorkels

Manufacturer:_________________________ 	Model: ______________________________	 Color:_ ___________________

Condition of the snorkel:	 Poor	 Fair	 Good	 Excellent		  Missing

Mouth piece condition:		  Poor	 Fair	 Good	 Excellent		  Missing

Bite tabs intact?		  Yes	 No	

Notes:_ ____________________________________________________________________________________________

Does the snorkel have a purge valve?	 Yes	 No 	 Functioning properly?	 Yes		  No

Any blood or foreign objects inside the snorkel?	 Yes	 No

Detail:_ ____________________________________________________________________________________________

Where was the snorkel attached?	 Right side	 Left side	

Other (describe):_____________________________________________________________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Fins

Manufacturer:_________________________ 	Model: ______________________________	 Color:_ ___________________

Condition of the fins:	 Poor	 Fair	 Good	 Excellent	 Missing

Fin sizes:	 XS	 S	 M	 L	 XL	 XXL

	 Other: ______________

Type of fins:	 Open heel		  Full foot

	 Split fins		  Freediving fins

Were the fins found on the decedent?  	 Yes	 No	 Unknown

Type of straps used with the fins: 		  Straps	 Springs

Did the fin straps have a quick-disconnect feature?	 Yes	 No

Were the fin strap quick-disconnects attached?	 Yes	 No	 Unknown

Did the fins fit the decedent?  		  Yes	 No

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 
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Camera or Video Equipment  (Complete one form per camera.)

Manufacturer:_______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Camera type:	 Digital	 Still/video	 Media type: _____________________________

	 Film	 Still/movie	 Film type: ______________________________

Lens manufacturer:___________________________________	 Type:___________________________________________

Serial #:____________________________________________	 Filter:_ _________________________________________

Housing manufacturer:________________________________	 Model:__________________________________________

Serial#:_____________________________________________	 Color:__________________________________________

Lens port type:______________________________________

Camera functional? 	 Yes	 No		  Housing flooded?	 Yes		  No

Decedent’s camera?	 Yes	 No		  Partner’s camera? 	 Yes		  No

Strobe #1 manufacturer: _______________________________	 Model:__________________________________________

Serial#: ____________________________________________	 Color:__________________________________________

Strobe functional?	 Yes	 No		  Battery flooded? 	 Yes		  No

Strobe #2 manufacturer: _______________________________	 Model:__________________________________________

Serial#: ____________________________________________	 Color:__________________________________________

Strobe functional?	 Yes	 No		  Battery flooded? 	 Yes		  No

Light manufacturer:_ _________________________________	 Model:__________________________________________

Serial#:_____________________________________________	 Color:__________________________________________

Light functional?	 Yes	 No		  Flooded? 		  Yes		  No

 

Type of clip or attachment used to secure equipment to the diver:_______________________________________________

How was equipment connected to the diver?_______________________________________________________________

Did location of equipment affect incident? 		  Yes	 No

Did the clip, line or attachment become entangled?		  Yes	 No

Was the equipment negative or positively buoyant?		  Negative	 Positive

How negative or positively buoyant?______________________________________________________________________
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Did the buoyancy or lack of buoyancy affect incident? _ ______________________________________________________

How experienced was the decedent with the equipment?______________________________________________________

Name of person who downloaded photographs/video:_ ______________________________________________________

Date/time photographs/video downloaded:________________________________________________________________

Name/date of person who made duplicate of videotape:______________________________________________________

Download digital photographs and video to at least two different drives or storage devices, and maintain hard copies of all 
relevant photographs for the case file. If videotape was used in the camera, a duplicate copy of the tape should be made.

Does film or slides need to be developed?	 Yes	 No

Name of the lab hired to develop film/slides:_ ______________________________________________________________

Date/time film/slides sent to the lab:______________________________________________________________________

Date the negatives, prints or slides were received:____________________________________________________________

Maintain negatives, copy of prints or slides in the case file.

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Slate  (Complete one form per slate.)

Manufacturer:_______________________________________	 Size of slate:______________________________________

Type of slate:	 White board		  Sketch type	 Other:____________________________________

How slate carried:	 On arm	 On leg	 On BC	 On console

	 Clipped to diver/where: ___________________________________

	 In a pocket/where: _______________________________________

	 Slate attached to lift bag: __________________________________

Was pencil attached?	 Yes	 No	 How was pencil attached? _________________________________

Did pencil or slate line create entanglement issue? 		  Yes	 No	 Unknown

Did the dive plan on the slate match dive profile from the computer?	 Yes	 No 

What type of deviation from the plan was made?____________________________________________________________

Make a photocopy of any slates used by the decedent or dive partner. 
Try to get slate translation from partner if slate information is in shorthand.

Transcribe all notes from slate onto this form.

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

		

Drawings or sketches from slate: 
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Goodie Bag  (Complete one form per bag.)

Manufacturer:_______________________________________	 Model:__________________________________________

Size: 	 XS	 S	 M	 L	 XL		              Color: _________________________________________

Type:______________________________________________	 Number of bags:__________________________________

Any items attached to the bag?     Game measuring devices          Other: _________________________________________

List contents:     Empty       _____________________________________________________________________________

Weight of contents:     None       _ ________________________________________________________________________

Did the extra weight or drag cause any issues? 		  Yes	 No	 Unknown

How was the bag a carried?_____________________________________________________________________________

Did the manner in which the bag was attached cause any issues? 	 Yes	 No	 Unknown

Was the bag ditched?		  Yes	 No	

Who ditched? 		  Victim	 Partner	 Rescuer

Was the ditched bag recovered?	 Yes	 No	

Where and who recovered?_____________________________________________________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Lift Bag or Surface Marker Buoy (SMB)  (Complete one form per lift bag/SMB.)

Manufacturer:_______________________________________	 Model:__________________________________________

Type of bag:_________________________________________	 Color:__________________________________________

Lift bag capacity: ____________ pounds           Lift bag markings:_______________________________________________

Where was the lift bag carried?__________________________________________________________________________  

Was the lift bag used during the dive?		  Yes	 No

Why was the lift bag used?		  Part of Plan	 Emergency Use		  Lifting Object

How was the bag inflated?	 Orally	 Regulator	 LP Hose	 Other _______________________

How was the bag deflated?	 Open bottom	 Manual dump		  Other _______________________

During testing, any leaks found in lift bag?	 Yes  	 No	 Where: ______________________

After use, was the bag stowed, found in the water or located on the surface? 

	 Stowed		  In the Water		  Found on the surface

Diver experience level with the bag:	     None	 Novice	 Intermediate	 Experienced

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Reel (Complete one form per reel.)

Manufacturer:_______________________________________	 Model:__________________________________________

Type of reel:	 Open	 Closed	   Other: __________________	 Color: _______________________

Type of line:  Material________________________	 Twisted / Braided         Size ___________  Color: _______________

How much line on the reel?_____________________________________________________________________________	

Was line marked in increments? 	 Yes	 No	 How marked: ______________________________

Handle type:		  Standard	 Goodwin	 Other: ____________________________________

Where was reel located?		 In pocket	 BC D-ring	 Harness	 Crotch strap 	

		  Weight belt	 Other: _________________________________________________

Did the way in which the reel was carried contribute to the fatality?	 Yes	 No	 Unknown

Was reel used during the dive?			   Yes	 No

Why was the reel used during the dive?_ __________________________________________________________________

If used, did the reel ever jam or did the line become entangled?_ _______________________________________________

Type of drag/locking mechanism on reel:__________________________________________________________________

During testing, any problems noted?   	No	 Yes	 Describe: _________________________________

Cutting device on reel? 		  Yes	 No

Diver experience level with reel:	 None	 Novice           Intermediate	 Experienced	

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Knives or Cutting Devices  (Complete one form per knife/cutting device.)

Manufacturer:_______________________________________	 Model:__________________________________________

Type of tool:	 Knife (fixed or folding)		  Paramedic shears

		  Line cutters			   Other: _____________________________________________________

		  No type of tool carried by decedent

Tool material:		  Titanium	 Stainless	 Non-stainless steel	 Other: ___________________________

Sheath:			   Open		  Locking		 Other _______________________________	 None

Where was the tool carried? 	 Calf:	 Right	 Left	 Inner	     Outer	

		  Thigh: 	 Right	 Left	 Inner	     Outer

		  Arm: 	 Right 	 Left	 Inner	     Outer

		  Waist:	 Right 	 Left	 Front	     Side

		  Harness:	 Right	 Left	 Front	     Side

		  Pocket:	 Right	 Left	 Front	     Side

		  Wetsuit sheath (describe where): _________________________________________

		  Other:______________________________________________________________	

Was the tool in a position it could be used?	 Yes	 No	 Unknown

During testing could tool be removed easily?	 Yes	 No   

If no, note why the tool could not be removed:	 Rust	 Sand	 Other: ______________________

Was tool removed during the dive?		  Yes	 No 	 Unknown

Why was tool removed:			   Emergency	 Non-Emergency

Was the tool placed back into carrying device?	 Yes	 No	 Unknown

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 
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Dive Lights  (Complete additional forms as needed.)

Primary Light  

Manufacturer: _______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Battery type:_ _______________________________________	 Number of batteries:_______________________________

Bulb type:	 Incandescent	         HID	 LED	 Xenon	 Other: ______________________

Light functional?	 Yes	 No		  Flooded? 	 Yes	 No

How was the light carried or attached to the diver?_ _________________________________________________________

Detached light head (canister light)?		  Yes	 No

If yes, describe how light head cable stowed:_ ______________________________________________________________

Did light contribute to the accident?:		  Yes	 No	 Unknown

During testing, did light and switch function properly?	 Yes	 No	 Describe: ____________________

Second Light  

Manufacturer: _______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Battery type:_ _______________________________________	 Number of batteries:_______________________________

Bulb type:	 Incandescent	         HID	 LED	 Xenon	 Other: ______________________

Light functional?	 Yes	 No		  Flooded? 	 Yes	 No

How was the light carried or attached to the diver?_ _________________________________________________________

During testing, did light and switch function properly?	 Yes	 No	 Describe: ____________________

Third Light  

Manufacturer: _______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Battery type:_ _______________________________________	 Number of batteries:_______________________________

Bulb type:	 Incandescent	         HID	 LED	 Xenon	 Other: ______________________

Light functional?	 Yes	 No		  Flooded? 	 Yes	 No

How was the light carried or attached to the diver?_ _________________________________________________________

During testing, did light and switch function properly?	 Yes	 No	 Describe: ____________________
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Fourth Light  

Manufacturer: _______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Battery type:_ _______________________________________	 Number of batteries:_______________________________

Bulb type:	 Incandescent	         HID	 LED	 Xenon	 Other: ______________________

Light functional?	 Yes	 No		  Flooded? 	 Yes	 No

How was the light carried or attached to the diver?_ _________________________________________________________

During testing, did light and switch function properly?	 Yes	 No	 Describe: ____________________

Fifth Light  

Manufacturer: _______________________________________	 Model:__________________________________________

Serial #:____________________________________________	 Color:__________________________________________

Battery type:_ _______________________________________	 Number of batteries:_______________________________

Bulb type:	 Incandescent	         HID	 LED	 Xenon	 Other: ______________________

Light functional?	 Yes	 No		  Flooded? 	 Yes	 No

How was the light carried or attached to the diver?_ _________________________________________________________

During testing, did light and switch function properly?	 Yes	 No	 Describe: ____________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Jon Line  (Complete one form per jon line.)

Manufacturer:_______________________________________	 Model:__________________________________________

Type:________________________________ 	Length:______________________________	 Color:_ ___________________

Where was the line carried? 	 Waist:	 Right 	 Left	 Front	     Side

		  Harness:	 Right	 Left	 Front	     Side

		  Pocket:	 Right	 Left	 Front	     Side

		  Other (describe): _____________________________________________________

Was the jon line in a position it could be used?	 Yes	 No	 Unknown

During testing could the line be removed easily?	 Yes	 No   

If no, note why the jon line could not be removed:	 Rust	 Sand	 Other: ______________________

Was jon line removed during the dive?	 Yes	 No 	 Unknown

Why was jon line removed?		  Non-emergency		 Emergency

Was the jon line placed back into carrying device?	 Yes	 No	 Unknown

Jon line length: ___________________ feet / inches

What type of clip was attached to the diver’s side of the jon line?________________________________________________

What type of clip was attached to the nondiver end of the jon line? _ ____________________________________________

If deployed, did the jon line become entangled? 	 Yes	 No	 Unknown

Did the jon line contribute to the fatality? 	 Yes	 No	 Unknown

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 
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Spear Gun and Slings  (Complete one form per spear gun.)

Manufacturer:_______________________________________	 Model:__________________________________________

Type: 	 Pneumatic	     Banded	 Pole spear 	 Hawaiian sling        Other: ____________________

Length of gun:_______________________________________	 Color:__________________________________________

How many bands?	 1           2           3           4

Material made from:	 Wood	 Metal	 Other: _________________________________________________

Does the gun have an attached reel?		  Yes	 No	 Unknown

Does the gun have an attached buoyancy device?	 Yes	 No	 Unknown

How much line is on the reel?	  _________________ feet

Is there a “safety” on the gun?  		  Yes	 No  

If yes, does it function properly?		  Yes	 No	 Describe: ____________________

Buoyancy of gun: 			   Negative	 Positive	 Buoyant force: _____________ lbs

Was the gun used during the dive? 		  Yes	 No	 Unknown

Was the use of the gun a factor in the incident?	 Yes	 No 	 Unknown

Was the gun attached to the diver?		  Yes	 No	 Unknown

How was the gun attached to the diver?___________________________________________________________________

Did the gun contribute to the fatality? 	 Yes	 No	 Unknown

Was any game attached to the diver? 		  Yes	 No	 Unknown

If yes, describe types, number, sizes, and how attached:_______________________________________________________

__________________________________________________________________________________________________

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________
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Diver Propulsion Vehicles (DPV)

Manufacturer:_______________________________________	 Model:__________________________________________

Type:______________________________________________	 Color:__________________________________________

DPV activation mechanism:____________________________________________________________________________

Was the diver trained to use the unit?			   Yes	 No	      Unknown

How experienced was the diver with the unit?		  Novice	 Intermediate	      Experienced

How was the unit attached to the diver?___________________________________________________________________

Number of divers using the DPV at the time of the incident:___________________________________________________

Number of divers with DPVs in dive team:_________________________________________________________________

Was the diver using the unit when the incident occurred?	 Yes	 No	 Unknown

Was the DPV functional at time of the incident? 		  Yes	 No	 Unknown

Was the unit negatively or positively buoyant? 		  Negative	 Positive

How negative or positively buoyant was the unit? 		  _____________ pounds

Trim weights added to DPV?	 Yes	 No	 Unknown	 _____________ pounds

DPV flooded?				    Yes	 No	 Unknown

Any modifications made to DPV?________________________________________________________________________

Did the DPV contribute to the accident?		  Yes	 No	 Unknown

Note test results below.

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 
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Appendix E2

Rebreather Evaluation Protocol

Jeffrey E. Bozanic
Next Generation Services

P.O. Box 3448
Huntington Beach, CA 92605-3448 USA

David M. Carver
Emergency Services Detail

Los Angeles County Sheriff ’s Department
1060 North Eastern Avenue
Los Angeles, CA 90063 USA
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Consigned by:_________________________ 	Title:___________________________  Date:_ _ ________________________

Address:____________________________________________________________________________________________

Case # ___________________________________     Decedent:_ _ ______________________________________________

Step 1: Inventory	 (Photograph all components)		  Inspection date: ________________________________

CCR Manufacturer: ____________________ 	 Model: ______________________________ 	Serial #: ___________________

CCR Computer No. 1 Serial #: __________________________	   No. 2 Serial #: ___________________________________

Description of exterior condition:________________________________________________________________________

Attachments and ancillary equipment (NOTE: Begin noting this data now, but continue to add to it during later inspection 
steps as access to items becomes available.):

1: ________________________________  Condition: _____________________________	 S/N: _ ____________________

2: ________________________________  Condition: _____________________________	 S/N: _ ____________________

3: ________________________________  Condition: _____________________________	 S/N: _ ____________________

4: ________________________________  Condition: _____________________________	 S/N: _ ____________________

5: ________________________________  Condition: _____________________________	 S/N: _ ____________________

6: ________________________________  Condition: _____________________________	 S/N: _ ____________________

7: ________________________________  Condition: _____________________________	 S/N: _ ____________________

8: ________________________________  Condition: _____________________________	 S/N: _ ____________________

9: ________________________________  Condition: _____________________________	 S/N: _ ____________________

10: _______________________________  Condition: _____________________________	 S/N: _ ____________________

11: _______________________________  Condition: _____________________________	 S/N: _ ____________________

12: _______________________________  Condition: _____________________________	 S/N: _ ____________________

13: _______________________________  Condition: _____________________________	 S/N: _ ____________________
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Component Testing (Videotape all steps.)

Step 2: Counterlung Gas Sampling

Using a syringe or other sampling device, collect and analyze gas samples from existing volumes within the rebreather 
BEFORE disassembly or gas additions are made.			 

Location Oxygen Helium CO2 H2O

Inhalation counterlung

Exhalation counterlung

Inhalation hose

Exhalation hose

Canister

Other (note location)

Step 3: Functionality Testing		

Positive Pressure Test

Before any disassembly or modification is done to the unit, use the diluent cylinder (or a replacement gas supply, if the 
diluent cylinder is empty or low on gas) to perform a positive pressure test of the breathing loop. Pay particular attention to 
any connections and seals, looking for leaks of any type. Snoop may be necessary to complete this evaluation.

Results:

o  No leaks observed.

o  Minor leaks observed at_____________________________________________________________________________

o  Major leaks observed at_____________________________________________________________________________

Cylinders	

Diluent:	 Valve operational _________ 	 cylinder hydro________	 VIP _________

S/N: _______________	Contents: gas type_________%   gas pressure ________ psi / bar

Oxygen: 	 Valve operational _________	 cylinder hydro________	 VIP _________

S/N: _______________	Contents: gas type_________%	 gas pressure ________ psi / bar

Bail-out:	 Valve operational _________	 cylinder hydro________	 VIP _________

S/N: _______________	Contents: gas type_________%	 gas pressure ________ psi / bar

Bail-out:	 Valve operational _________	 cylinder hydro________	 VIP _________

S/N: _______________	Contents: gas type_________%	 gas pressure ________ psi / bar
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Water Containment

Check each part of the system for water volumes contained. Use a measuring device to determine volume. Note if units 
measured are ounces or milliliters.

Results:

o  No significant water volume observed in breathing loop

o  Water volume found in the following places and quantities:

	 Mouthpiece/DSV: ____________oz / ml	 Inhalation hose: ____________oz / ml

	 Canister: ___________________ oz / ml	 Exhalation hose: ____________oz / ml

	 Water trap: __________________oz / ml	 Inhalation C/L: _____________oz / ml

	 Computer/handset #1: _________oz / ml	 Exhalation C/L: _____________oz / ml

	 Computer/handset #2: _________oz / ml	 Other (list): _________________oz / ml

Sensors

Note sensor conditions both prior to and after cleaning and drying. Pay particular attention to wiring and sensor faces. 
Note corrosion, discoloration, moisture, debris on sensor faces, etc.	

Sensor Wire condition Sensor face
1
2
3
4

	

Before cleaning:

Sensor Manufacturer S/N Date Code 0.21 PO2 
(Mv)

1.0 PO2  
(Mv)

2.0 PO2  
(Mv)

3.0 PO2  
(Mv)

1
2
3
4

						    

After cleaning and drying:

Sensor Manufacturer S/N Date Code 0.21 PO2 
(Mv)

1.0 PO2  
(Mv)

2.0 PO2  
(Mv)

3.0 PO2  
(Mv)

1
2
3
4
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CCR Displays

Primary:  calibration:_ ________________________________________________________________________________

Battery level: ________________________________________	 Menu scrolls: ____________________________________

Secondary:  calibration:________________________________________________________________________________

Battery level: ________________________________________	 Menu scrolls: ____________________________________

HUD:  Lights:_ ______________________________________	 Vibrating? (Y/N) _________________________________

Alarms:____________________________________________________________________________________________

CCR Batteries

Battery Visual condition 
(discolor, corrosion, etc.)

Flooded 
(Y/N)

Manufacturer Date code Voltage  
(no load)

Voltage 
(under load)

1
2
3

General Interior Inspection

Note any unusual conditions of the CCR interior. Pay particular attention to any residue, foreign materials or alterations 
made to the system.

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

Dive Computer(s)

NOTE: Download data to PC as soon as possible!

Brand: _____________________________________________	  Model:_________________________________________

Configuration for:____________________________________________________________________________________

Dives logged: _ __________________________________________________________________ (see attached download)

Battery level: ________________________________________	  Menu scrolls: ____________________________________

Brand: _____________________________________________	  Model: _________________________________________

Configuration for:____________________________________________________________________________________

Dives logged: _ __________________________________________________________________ (see attached download)

Battery level: ________________________________________	  Menu scrolls: ____________________________________
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Brand: _____________________________________________	  Model: _________________________________________

Configuration for:____________________________________________________________________________________

Dives logged: _ __________________________________________________________________ (see attached download)

Battery level: ________________________________________	  Menu scrolls: ____________________________________

Valve Tests	

ADV:  Brand:________________________________________	 Model:__________________________________________

S/N:_______________________________________________	 Inflation test:_____________________________________

OPV:  Brand:________________________________________	 Model:__________________________________________

S/N:_______________________________________________	 Inflation/deflation test:_____________________________

Man O2:  Brand:_ ____________________________________	 Model:__________________________________________

S/N:_______________________________________________	 Inflation test:_____________________________________

Man dil:  Brand:______________________________________	  Model:_________________________________________

S/N:_______________________________________________	 Inflation test:_____________________________________

DSV:  Brand:________________________________________	 Model:__________________________________________

S/N:_______________________________________________	 Mushroom test:___________________________________

Dil Reg:  Brand:______________________________________	 Model:__________________________________________

S/N:______________________________ 	IP pressure______________________________ 	Test:______________________

O2 Reg:  Brand:______________________________________	 Model:__________________________________________

S/N:______________________________ 	IP pressure______________________________ 	Test:______________________

Inline hose isolation valve:  Brand:_______________________	 Position:_ _______________________________________

S/N:______________________________ Location:_______________________________	 Test:______________________

Inline hose isolation valve:  Brand:_______________________	 Position:_ _______________________________________

S/N:______________________________ Location:_______________________________	 Test:______________________

Buoyancy Control Devices	

Brand:_____________________________________________	 Model:__________________________________________

S/N:_______________________________________________	 Inflation test:_____________________________________

Harness Devices:  Brand:_______________________________	 Model:__________________________________________

S/N:_______________________________________________	 Condition test:_ __________________________________

Crotch strap? (Y/N):_________________ Chest straps (Y/N):_ ______________________	 Scooter ring (Y/N):__________
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Note any straps, harness clips or counterlung clips not fastened correctly. Pay particular attention to lower clips on counter-
lungs that might not be fastened. Also look for any breathing hoses or IP hoses that are misrouted.

Notes:_ ____________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

Absorbent Condition

Retain absorbent, even if wet, for later analysis of carbonates vs. hydroxides content.

Manufacturer:______________________ Grade:_ ________________________________	 Type:_____________________

When filled:_________________________________________	 By whom:_______________________________________ 

How:______________________________________________	 Flooded? (Y/N)___________________________________  

Channeling prevention O-rings or gaskets noted:___________________________________________________________

__________________________________________________________________________________________________

Regulator Testing

Alternate sir source combined with BC:

Manufacturer:______________________ Model:_________________________________	 S/N:______________________

Function test:________________________________________________________________________________________

Cracking pressure:____________________________________	 Free flow? (Y/N/Int):_ _____________________________

Predive/dive lever selection:____________________________	 Adjustment knob status:____________________________

Notes:_ ____________________________________________________________________________________________

Other alternate air source attached to onboard diluent cylinder:

Manufacturer:______________________ Model:_________________________________	 S/N:______________________

Function test:________________________________________________________________________________________

Cracking pressure:____________________________________	 Free flow? (Y/N/Int):_ _____________________________

Predive/dive lever selection:____________________________	 Adjustment knob status:____________________________

Notes:_ ____________________________________________________________________________________________
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Bailout regulator 1

Manufacturer:______________________ Model:_________________________________	 S/N:______________________

Function test:________________________________________________________________________________________

Cracking pressure:____________________________________	 Free flow? (Y/N/Int):_ _____________________________

Predive/dive lever selection:____________________________	 Adjustment knob status:____________________________

Notes:_ ____________________________________________________________________________________________

Bailout regulator 2

Manufacturer:______________________ Model:_________________________________	 S/N:______________________

Function test:________________________________________________________________________________________

Cracking pressure:____________________________________	 Free flow? (Y/N/Int):_ _____________________________

Predive/dive lever selection:____________________________	 Adjustment knob status:____________________________

Notes:_ ____________________________________________________________________________________________

Weighting System

Note amounts and locations of all weights carried by the diver. Note units used.

Weight belt:	 _____________________lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)___________  

Integrated, left pocket:	 _____________________lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)___________  

Integrated, right pocket:	 _____________________lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)___________  

Integrated, in CCR housing: 	 _____________________lbs / Kg	Quick release (Y / N) _ Quick release (Y / N) ___________   

Integrated, top of CCR:	 _____________________lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)___________   

Integrated, on backplate: 	 _____________________lbs / Kg	Quick release (Y / N) _ Quick release (Y / N) ___________  

Other:_ ___________ lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)_ _________ 	 Location:_ __________________________________

Other:_ ___________ lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)_ _________ 	 Location:_ __________________________________

Other:_ ___________ lbs / Kg	Quick release (Y / N)_ Quick release (Y / N)_ _________ 	 Location:_ __________________________________

Weight estimate:  o Reasonable amount        o Obviously overweighted        o Obviously underweighted     
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Step 4: Post Disassembly Testing

After the complete disassembly and component testing is completed, then the following steps should be completed using 
appropriate manufacturer’s predive and postdive checklists:

o  Unit cleaned, disinfected and dried

o  Unit reassembled using new sensors and batteries, charged gas cylinders, etc.

o  Functional tests of calibration, handset/computer function, etc.

o  Functional tests of other electronic components

o  Functional tests of gas addition and controls

o  Unit cleaned, disassembled and stored

Step 5: Unit-Specific Testing

Refer to unit-specific guidelines for other items to inspect or consider during testing.

Inspection Equipment Needs (Inventory)

Oxygen analyzer

Helium analyzer

Voltmeter

IP gauge

SPG

Rebreather manual

Oxygen cylinder

Diluent cylinder

Special tools for CCR

Set of replacement sensors for CCR

Replacement batteries for CCR

Bags for absorbent

Measuring cups

Pressure chamber to test sensors

Disinfectant and application device

Predive and postdive checklists for CCR

Regulator test bench

Calipers

Magnifying glass
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Camera with macro lens

Media sticks for camera

Video camera with macro

Tapes for video camera

Standard tools (slotted and Phillips screwdrivers, hex wrenches, needlenose pliers, slip joint pliers, adjustable wrenches, 
box-end wrenches, nut drivers, knife, etc.)

Flashlight (for inspections)

Snoop (soapy water in spray bottle)

UV light

Scale

Preparation

Instrument Calibration	

Oxygen gas analysis:  model:____________________________ 	Calibration date:__________________________________

Helium gas analysis:  model:____________________________ 	Calibration date:__________________________________

Sensor analysis:  model:________________________________ 	Calibration date:__________________________________

Voltmeter:  model:____________________________________ 	Calibration date:__________________________________

Pressure analysis:  model:______________________________	 Calibration date:__________________________________
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APPENDIX F

Autopsy Protocol for Recreational Scuba Diving Fatalities 

James Caruso
Regional Armed Forces Medical Examiner

Navy Recruiting Command
5722 Integrity Drive 

Millington, TN 38054 USA
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Since most pathologists and autopsy technicians rarely perform an autopsy on someone who died while scuba diving, 
few medical examiners’ offices will have significant experience in performing appropriate postmortem examinations. The 
following is a guideline that can be followed with the understanding that some of the recommended procedures will be 
impractical and may only take place in a facility with significant laboratory resources available.

History
This is absolutely the most important part of the evaluation of a recreational diving fatality. Ideally, one should obtain sig-
nificant past medical history with a special focus on cardiovascular disease, seizure disorder, diabetes, asthma and chronic 
obstructive pulmonary disease. Medications taken on a regular basis as well as on the day of the dive should be recorded, 
and information regarding how the diver felt prior to the dive should be obtained. Any history of drug or alcohol use must 
also be noted.

The dive history is extremely important. If possible, the investigator should find out the diver’s experience and certification 
level. The most important part of the history will be the specific events related to the dive itself. The dive profile (depth, 
bottom time) is an essential piece of information, and if the diver was not diving alone, eyewitness accounts will be invalu-
able. With the near-universal use of dive computers, the computer used by the deceased diver should be interrogated, and if 
it has a download function all recent dives should be reviewed. Not only will the last dive or dive series be invaluable to the 
investigation, much can be learned about the diver by looking at previous dives made, including frequency, depth, ascent 
habits and with certain computers even breathing gas usage. Written dive logs are also a valuable source of information 
related to the diver’s experience level and dive habits.

Questions to be asked include:

•	 When did the diver begin to have a problem (predive, descent, bottom, ascent, postdive)?

•	 Did the diver ascend rapidly (a factor in air embolism and pulmonary barotrauma)?

•	 Was there a history of entrapment, entanglement or trauma?

•	 If resuscitation was attempted, what was done, and how did the diver respond?

External Examination and Preparation
A thorough external examination including documentation of signs of trauma or animal bites or envenomation should 
be carried out. Palpate the area between the clavicles and the angles of the jaw for evidence of subcutaneous emphysema. 
X-rays of the head, neck, thorax and abdomen should be taken to look for free air. Postmortem CT imaging can be 
obtained as an alternative.

Modify the initial incision over the chest to make a “tent” or “pocket” out of the soft tissue (an “I” shaped incision) and 
fill this area with water. A large bore needle can be inserted into the second intercostal spaces on each side; if desired, any 
escaping air can be captured in an inverted, water-filled, graduated cylinder for measurement and analysis. As the breast-
plate is removed, note any gas escaping from vessels. An alternative test for pneumothorax consists of teasing through the 
intercostal muscles with a scalpel and observing the relationship between the visceral and parietal pleura as each pleural 
cavity is entered. If the two pleural layers are still adjacent until the pleural cavity is breached, there is no evidence of a 
pneumothorax. If a pneumothorax had occurred during the final dive, the lung would already be at least partially deflated 
and not up against the parietal pleura.

The pericardial sac can be filled with water and the chambers of the heart may be incised with a scalpel to look for any 
intracardiac gas. As was possible for the pleural cavities, escaping gas may be captured and analyzed, but most medical 
examiner offices do not have the resources for such endeavors. After the mediastinum, heart and great vessels have been 
examined under water for the presence of gas, the water may be evacuated and a standard autopsy may be performed.

Carefully examine the lungs for bullae, emphysematous blebs and hemorrhage.

Note any interatrial or interventricular septal defects. Carefully check for evidence of cardiovascular disease and any 
changes that would compromise cardiac function.
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Toxicology: Obtain blood, urine, vitreous, bile, liver and stomach contents. Not all specimens need to be run, but at least 
look for drugs or abuse. If an electrolyte abnormality is suspected or if the decedent is a diabetic, the vitreous fluid may 
prove useful for analysis.

Prior to opening the skull, tie off all the vessels in the neck to prevent artifactual air from entering the intracranial vessels. 
Tie the vessels at the base of the brain once the skull is opened. Disregard bubbles in the superficial veins or venous sinuses. 
Examine the meningeal vessels and the superficial cortical vessels for the presence of gas. Carefully examine the Circle of 
Willis and middle cerebral arteries for bubbles.

Have an expert evaluate the dive gear. Are the cylinders empty? If not, the gas should be analyzed for purity (a little carbon 
monoxide goes a long way at depth). All gear should be in good working order with accurate functioning gauges.

Possible Findings 
Air embolism: Intra-arterial and intra-arteriolar air bubbles in the brain and meningeal vessels, petechial hemorrhages in 
gray and white matter, evidence of COPD or pulmonary barotrauma (pneumothorax, pneumomediastinum, subcutaneous 
emphysema), signs of acute right heart failure, pneumopericardium, air in coronary and retinal arteries

Decompression sickness: Lesions in the white matter in the middle third of the spinal cord including stasis infarction, if 
there is a patent foramen ovale (or other potential right to left heart shunt) a paradoxical air embolism can occur due to 
significant venous bubbles entering the arterial circulation

Venomous stings or bites: A bite or sting on any part of the body, unexplained edema on any part of the body, evidence of 
anaphylaxis or other severe allergic reaction

Drowning: While drowning essentially remains a diagnosis of exclusion, there are some anatomic findings that are 
observed with considerable frequency. The lungs usually appear hyperinflated and can even meet at the midline when the 
anterior chest wall is removed. Lungs are typically heavy and edematous, and pleural effusions may be present. A moderate 
amount of water and even some plant material may be present, not only in the airway but also in the esophagus and stom-
ach. Dilatation of the right ventricle of the heart is commonly observed as is engorgement of the large central veins. Fluid is 
also often found in the sphenoid sinus.

Carbon monoxide poisoning: Deaths due to carbon monoxide poisoning are rare in recreational diving, but they do occur. 
Autopsy findings are similar to carbon-monoxide-related deaths in other settings, with the classic finding of a cherry red 
color to the organs and blood. A carboxy-hemoglobin measurement should be obtained as routine toxicology in all diving-
related deaths to exclude the contribution of contaminated breathing gas.

Interpretation   
The presence of gas in any organ or vessel observed at the autopsy of someone who breathed compressed gas just prior to 
death is not conclusive evidence of decompression sickness or air embolism. During a dive, especially one of considerable 
depth or bottom time, inert gas dissolves in the tissues, and the gas will come out of solution when the body returns to 
atmospheric pressure. This, combined with postmortem gas production, will produce bubbles in tissue and vessels. The 
phenomenon has caused many experienced pathologists to erroneously conclude that a death occurred due to decompres-
sion sickness or air embolism.

Intravascular bubbles present predominantly in arteries and observed during an autopsy performed soon after the death 
occurred is suspicious for air embolism. The dive history will help support or refute this theory.

Gas present only in the left ventricle or if analysis shows the gas in the left ventricle has a higher oxygen content than that 
present on the right side would also be supportive for the occurrence of an air embolism.  

Intravascular gas from decomposition or off-gasing from the dive would contain little oxygen and be made up of mostly 
nitrogen and carbon dioxide.

Deeper, longer dives can cause decompression sickness and significant intravascular (mostly venous) gas. Decompression 
sickness is rarely fatal and more commonly causes significant morbidity (illness and injury) in severe cases. Rapid ascents 
and pulmonary barotrauma are associated with air embolism.   
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Heart attack risk is affected by a number of factors that may go undetected for many years until the attack occurs. These 
factors in general do not cause symptoms, are cumulative over time and ultimately result in blood vessel disease that leads 
to a heart attack that may occur while diving.

Known factors that increase risk for heart attack include:

1. Elevated blood pressure

2. Elevated cholesterol

3. Cigarette smoking 

4. Diabetes 

In addition, males are at higher risk than females until about age 60 when heart attack risk for females increases, and heart 
attack risk is increased with age due to the cumulative nature of the blood vessel damage that occurs over time. Therefore 
two other factors that need to be considered are:

5. Age

6. Male gender

Research has shown that these six factors when combined into a risk score can be used to estimate heart attack risk and 
guide efforts to lower the risk. The score is called the Framingham risk score, and calculators can be found at numerous 
locations on the Internet. To determine your risk score you need your blood pressure, cholesterol level, including total, 
LDL and HDL cholesterol. You will also be asked for your age and gender and whether you are diabetic.

The calculation provides the 10-year risk for heart attack presented as a percent. If your risk score is less than 10 percent 
(or 1 percent/year — that is less than one in a hundred chance of having a heart attack in a year), you are considered a low 
risk. Intermediate risk is 10 percent or greater and less than 20 percent, and high risk is more than 20 percent (or 2 percent/
year). If your Framingham risk score is more than 10 percent, you should be evaluated medically to be sure you are safe for 
diving.

You should periodically check your heart attack risk. This means you should have a blood pressure check and tests for 
cholesterol and diabetes. Other factors that are not included in the Framingham risk score but are thought to increase your 
heart attack risk include history of a heart attack before age 50 in a close family member,  poor physical conditioning, lack 
of exercise, and obesity.  

For safe diving, you should avoid obesity, exercise enough to maintain good physical condition, keep your blood pressure 
and cholesterol normal, and get a check for diabetes. All of these factors can be modified by attention to your lifestyle and 
will keep your heart attack risk low even if your family history is not favorable.
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