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Abstract

(van der Kooi BL, Hoedemaeker ADM, Broekhuizen LN, van Ooij PJAM, Wingelaar TT. The role and efficacy of ECG
screening in assessing fitness to dive in military divers: implications of sports medicine standards. Diving and Hyperbaric
Medicine. 2025 30 September;55(3):246-253. doi: 10.28920/dhm55.3.246-253. PMID: 40986920.)

Introduction: Diving necessitates significant physiological adaptations, particularly within the cardiopulmonary system.
Resting electrocardiograms (ECGs) are widely used in fitness to dive assessments, but their effectiveness in healthy young
divers remains unclear. This study assessed the impact of applying sports medicine ECG criteria compared to traditional
clinical standards, aiming to reduce (unnecessary) referrals to a cardiologist without compromising diver safety.
Methods: In this retrospective study covering 10 years, ECGs from Royal Netherlands Navy divers were analysed. Abnormal
ECGs identified by clinical criteria between 2010 and 2019 were re-evaluated using international sports medicine ECG
criteria. A control group of normal ECGs was matched based on demographic factors. Statistical analyses were performed
using Pearson’s chi-squared and Fisher’s exact test, with significance set at P < 0.05.

Results: Of a total of 3,020 ECGs, 156 were classified as abnormal by clinical criteria. Reassessment using sports medicine
standards reduced the number requiring further investigation by 85.9%. In the control group, 1.0% of previously unremarkable
ECGs were identified as requiring further investigation upon reassessment. Conduction disorders and rhythm disturbances
were the most common findings.

Conclusions: The findings of this study suggest that the application of sports medicine ECG interpretation criteria effectively
reduces the number of ECGs requiring further investigation, thereby minimising referrals and associated costs. These results
advocate for a re-evaluation of routine ECG screening practices in fitness to dive assessments in military divers, promoting
a more tailored approach for this specific group.

Introduction vasoconstriction, further exacerbating cardiac pressures.’
Such increases in cardiac stress during diving pose an

Immersion or submersion, such as in diving, necessitates increased risk of adverse cardiac events in individuals with

significant physiological adaptations of the human body to
maintain sufficient vital functions.! Pre-existing medical
conditions, such as hypertension, cardiomyopathy, left
ventricular hypertrophy (LVH) and valvular disease,
can adversely affect these compensatory mechanisms,
potentially leading to diving-related incidents and diseases.”
While physiological changes are required across multiple
systems, adaptations within the cardiopulmonary system are
particularly critical. Specifically, central circulating blood
volume may increase by 500 to 700 millilitres due to the
redistribution of blood associated with submersion, resulting
in heightened pressures within the atria and ventricles.*
Additionally, exposure to cold water can induce peripheral

underlying cardiac conditions, underscoring the necessity of
fitness to dive assessments in preventing accidents.’

Sudden cardiac death (SCD) is a leading cause of mortality
among young athletes during exercise. The majority of
underlying conditions responsible for SCD can be identified
through abnormalities on an electrocardiogram (ECG),
including cardiomyopathies, electrical heart diseases and
abnormal pathways.” In the field of diving medicine, the
resting ECG is a widely utilised, cost-effective and non-
invasive screening tool for identifying these overt electrical
abnormalities indicative of cardiac pathology in fitness to
dive assessments of both occupational and recreational
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divers. However, the effectiveness of the resting ECG as
a screening measure for cardiac issues among healthy,
relatively young divers remains inadequately understood.
Prior studies in general medicine suggest that screening
asymptomatic young adults yields a low prevalence of
abnormal ECG findings, with many of these categorised as
normal variants, such as early depolarization.®°

This uncertainty prompts critical questions regarding the
ongoing utilisation of the ECG as a routine screening
instrument in fitness to dive assessments, particularly
given the substantial number of false-positive results when
applying traditional ECG criteria to a young, usually
sportive, population. Such outcomes can lead to unnecessary
additional procedures and associated costs, while unjustly
declaring military divers unfit for duty for extended periods,
without clear benefits to diver safety.

Therefore, it is crucial to distinguish pathological
abnormalities, such as cardiomyopathies and primary
electrical disorders, which may manifest on an ECG as
ventricular arrythmias or left bundle branch block (LBBB),
from physiological adaptations to regular exercise or
training, such as increased QRS voltage indicative of
LVH, or (incomplete) right bundle branch block (RBBB).
Recognising this need, an expert panel comprising
specialists in sports cardiology, inherited cardiac disease
and sports medicine convened in Washington in 2015 to
revise the international criteria for interpreting ECGs in
sports medicine. This update, based on emerging research,
aimed to provide a better indication of commonly found
ECG alterations in the young, asymptomatic and athletic
population and may also be applicable to occupational
divers.!!

Currently, there is no international consensus on the criteria
for interpreting resting ECGs in the context of fitness to dive
assessments. In contrast to European and UK diving medical
guidelines, Dutch guidelines mandate a resting ECG during
fitness to dive assessments.'>!* Despite this, research on this
topic within the diving medicine literature remains limited.
In aviation medicine, some evidence suggests that initial
ECG screening for asymptomatic military aircrew leads to
an extremely low number of individuals requiring further
evaluation.' Possibly, selection bias may have contributed
to this result. However, the relevance of these findings for
military or occupational divers may be constrained, given
the distinct physiological demands of diving compared
to aviation and the differing criteria employed in ECG
interpretation.

This study aimed to investigate the impact of modifying
ECG interpretation criteria from clinical to sports medicine
standards. We hypothesised that employing sports medicine
criteria would reduce the number of ECGs requiring
further investigation by a cardiologist, thereby decreasing
unnecessary referrals.
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Methods

The methods for handling medical information comply with
national and European legislation and the guidelines of the
Association of Universities in the Netherlands.

CONTEXT

The Royal Netherlands Navy Diving Medical Centre is
responsible for the medical well-being of the Dutch armed
forces’ divers, submariners, and hyperbaric personnel. As
mentioned in the introduction, the aforementioned group is
subjected to annual medical assessments as part of national
legislation.'

DATA COLLECTION

For this study, the ECGs from fitness to dive assessments,
both initial screenings and revisions, of all divers between
1 January 2010 and 31 December 2019, were included.
The conclusion of the assessment of the ECGs, conducted
by the examining diving medicine physician on the day of
the fitness to dive assessment, was recorded in a separate
database. In the studied period, the Netherlands Armed
Forces (including the Royal Netherlands Navy Diving and
Submarine Medical Centre) classified ECGs according to the
criteria of the AHA/ACCF/HRS Recommendations for the
Standardization and Interpretation of the Electrocardiogram,
I-V1, as published in 2007 and 2009."5 These publications
mention that ECG criteria may differ in several sub-groups,
like young adults, but do not provide specific guidelines as
to what may be considered normal in these groups. ECGs
classified as abnormal according to these criteria were
labelled as ‘cases’, and were matched by twice the number of
normal ECGs from the entire dataset, labelled as ‘controls’.
This matching was based on criteria like initial screening or
revision, smoking, age, height and weight. There was direct
access of the examining diving medicine physicians to the
cardiologists of the Central Military Hospital in Utrecht
for consultation to discuss the interpretation of the ECGs.
However, differences in ECG reading and interpretation
skills among the examining diving medicine physicians
may still have led to different interpretation and policy in
similar cases.

The re-assessment for this study utilised the international
criteria for interpreting ECGs in athletes, performed by two
military diving medicine physicians (AH and TW) and a
researcher (BK), who operated independently of each other.!°
In cases of differing interpretations, results were discussed
until consensus was reached. If discrepancies arose among
the evaluators, the ECGs were referred to a cardiologist (LB)
for a final assessment. The results were coded in the database
as ‘normal variant’ or ‘further investigation required’, as
outlined in the aforementioned criteria. According to these
criteria, certain findings may not be abnormal in isolation;
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however, when considered alongside other findings, such as
a right bundle branch block in conjunction with a right axis
deviation, they may be deemed significant and necessitate
further examination.

ANALYSIS

Data analysis was primarily descriptive. As the Kolmogorov-
Smirnov test showed that none of the parameters were
normally distributed, the median and interquartile range
(IQR) were determined. All statistical analyses were
performed with SPSS Statistics for Windows software (2022,
version 29.0; IBM Corp; Armonk, NY). Differences were
analysed with Pearson’s Chi-squared test and Fisher’s exact
test where appropriate. Statistical significance was defined
as P <0.05.

Results

Between 1 January 2010 and 31 December 2019, a total
of 3,020 ECGs were registered as part of fitness to dive
assessments. Of these, 156 ECGs (5.2%) were labelled as
abnormal. These ECGs were retrospectively re-examined
using the international ECG criteria for athletes. From the
312 matched ECGs in the control group, a final total of
276 ECGs were analysed due to missing data. The baseline
characteristics of the groups are presented in Table 1, with
no significant differences observed between the groups.

The reassessment of the ‘cases’ and ‘controls’ revealed a
total of 24 ECGs (0.8%) that required further investigation
(see Figure 1). For the cases, this represents an 85.9%
reduction in the number of ECGs requiring further
investigation compared to the initial interpretation using
clinical criteria. The majority of the 85.9% ECGs, which
were identified as ‘abnormal’ at first assessment, were
attributed to a complete right bundle branch block (C(RBBB),

left or right axis deviation and incomplete left bundle branch
block iLBBB) (Table 2). The rest of the abnormal ECGs
were other findings such as ventricular extrasystoles, ST
variations, intraventricular conduction disorders and sinus
tachycardia. Despite two attempts at matching, data were
unavailable for 36 individuals in the control group. No
significant differences were found between the frequency
of abnormalities of the 420 initial screenings and 2,600
revisions for the cases and controls (P = 0.342), which
were assessed using the clinical criteria. These results are
summarised in Table 3. Among the ECGs that required
further investigation, the majority were classified as
conduction disorders, including intra-ventricular conduction
delay and bundle branch block (Table 4). The remaining
ECGs predominantly exhibited rhythm disturbances.

In the control group, three ECGs were identified that required
further investigation. Consequently, the application of the
new criteria resulted in a 1.0% increase in abnormal ECG
findings that were initially overlooked, disregarded or not
reported by the examining physician during fitness to dive
assessment. These abnormal findings included one instance
of intra-ventricular conduction delay of 150 ms, a case with
two premature ventricular ectopic beats per 10 s of tracing
and a candidate with a prolonged corrected QT interval of
499 ms.

Discussion

This study provides evidence that the implementation of
international criteria for interpreting ECGs in athletes
appears to be effective in reducing the number of ECGs
requiring further investigation and referrals to a cardiologist,
while to date, none of the divers whose ECGs were
reassessed have presented with any diving-related or
other medical issues. This suggests a potential decrease in
additional investigations, along with associated costs and

Baseline characteristics of the included applicants fo??ﬁ laep;licants, cases and controls; IQR — interquartile range
oo | g2 | @
Initial screening, n 420 25 54
Revision, n 2,600 131 258
Age (y), median (IQR) 31 (27-39) 30 (2640) 30 (2640)
Men, n (%) 2,977 (98.6) 156 (100) 312 (100)
Women, n (%) 43 (1.4) - -
Height (cm), median (IQR) 184 (179-188) 183 (179-189) 184 (180-189)
Weight (kg), median (IQR) 86 (80-92) 85 (79-94) 86 (81-92)
Smoking

Yes, n (%) 472 (15.6) 31(19.9) 62 (19.9)
No, n (%) 2,548 (84.2) 125 (80.1) 249 (80.1)
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Figure 1
Classification of ECG findings for cases and controls showing the
percentages of cases and controls within the total group, followed
by the proportions of normal ECGs, those requiring further
investigation, and missing ECGs within the cases and controls
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Table 2
Specific electrocardiogram (ECG) findings for the cases at first
assessment; *left axis deviation: 30° to -90° in the frontal plane;
*right axis deviation: 90° to 180° in the frontal plane; cRBBB —
complete right bundle branch block (QRS duration greater than or
equal to 120 ms with rsr’, rsR’ or rSR’ pattern in leads V1 or V2);

Normal variant iLBBB —incomplete LBBB (QRS duration between 110 and 119
273 (87.5%) ms with broad notched or slurred R wave in leads I, aVL, V5, and
V6, absent q waves in leads I, V5, and V6)
Controls Furtherretill:]\i/:es‘tiigation
312 (10.9%) o . .
3 (1L0%) ECG findings classified as Cases
‘abnormal’ n (% of total)
Missing ECGs
ot 36 (11:5%) cRBBB 74 (55.2)
otal
3020 (1007%) Normal variant Left axis deviation* 19 (14.2)
134 (85.9%) .
iLBBB 14 (10.4)
Cases Furthe:e‘i;:l\i/::‘tiigation nght axis deviation” 5 (37)
156 (5.2%) 21 (13.5%)
Other findings 22 (16.4)
Missing ECGs
L 05%) Total 134
Table 3
Results of reassessed electrocardiograms for the cases and controls; *P = 0.342
Cases: . Controls: -
Outcome s . Revision | . .. . Revision Total
initial screening initial screening
Normal variant 21 113 48 225 407
Further investigation required 3 18 1 2 24
Total 24 131 49 227 431*
Table 4

Specific electrocardiogram (ECG) findings for the cases and controls; *left axis deviation: 30° to -90° in the frontal plane; *right axis

deviation: 90° to 180° in the frontal plane; ¥ = 0.5 mm in depth in two or more contiguous leads; & > 470 ms (male), > 480 ms (female)

using Bazett’s formula; cLBBB — complete left bundle branch block (QRS > 120 ms with broad notched or slurred R wave in leads I,

aVL, V5, and V6, absent q waves in leads I, V5, and V6; cRBBB — complete right bundle branch block (QRS duration greater than or
equal to 120 ms with rsr’, rsR’* or rSR’ pattern in leads V1 or V2); PVC — premature ventricular contractions (= 2 per 10 s)

ECG findings that required further investigation Cases Controls Total
Profound nonspecific intra-ventricular conduction delay (QRS > 140 ms) 9 1 10
cLBBB 4 4
cRBBB with right axis deviation” 2 2
cRBBB with left axis deviation* 2 2
PVC 2 1 3
ST-segment depressiont 1 1
Epsilon wave 1 1
Prolonged QT intervali 1 1




250 Diving and Hyperbaric Medicine Volume 55 No. 3 September 2025

the risk of potential incidental findings of unknown clinical
significance.

This reduced number of ECGs requiring further investigation
is the result of major differences between ECG criteria derived
from the ‘AHA/ACCF/HRS Recommendations for the
Standardization and Interpretation of the Electrocardiogram’
and the ECG criteria derived from the ‘International
Recommendations for Electrocardiographic Interpretation
in Athletes’. The main differences are the result of the,
usually, lower weight and a more active lifestyle of young
adults compared to older adults.

This results in ECG manifestations, that may be abnormal
in the older population but normal in the young adult
population. For instance, the usual voltage criteria for left
and right ventricular hypertrophy do not apply to adults
under the age of 35 years. High voltages are a normal
finding in the young population. In the case of structural
heart disease, for instance, a cardiomyopathy, there are
usually additional ECG abnormalities like (deep) negative T
waves. In addition, due to an increased vagal tone in young
people, arrhythmias and conduction disturbances may occur
like sinus bradycardia, nodal rhythms, premature atrial
complexes (PACs), first degree atrio-ventricular (AV) block
and second-degree Mobitz type 1 AV block (Wenckebach).
Due to increased strain to the right ventricle caused by sports
activities, the right ventricle may enlarge and an (incomplete)
RBBB may appear. Also, repolarisation abnormalities
like early repolarisation and non-specific ST and T wave
abnormalities may appear in active young adults without
clinical significance.

However, certain ECG abnormalities are also abnormal
in young adults, like a complete LBBB, a QRS duration
of > 140 ms, T wave inversion, ST segment depression
> (0.5 mm in depth in two or more contiguous leads,
>2 PVCs on the ECG and atrial and ventricular arrhythmias.
A left axis deviation, a left atrial enlargement, a right axis
deviation, a right atrial enlargement and a complete RBBB
are considered ‘borderline’, and further evaluation is not
recommended if it occurs ‘in isolation’, but when two of
more of these abnormalities are present, further evaluation
is recommended. These recommendations are based on the
finding that in athletes with these ECG abnormalities in
isolation no abnormalities were found on echocardiography,
especially those who engage in regular and long term
participation in intensive exercise.!! The most important
changes in the assessment of ECGs comparing ‘old’ to
‘new’ criteria are the assessment of left axis deviation,
right axis deviation and cRBBB with a duration < 140 ms
in isolation as normal. These major changes together with
a few of other findings resulted in a considerable reduction
in abnormal ECGs.

To our knowledge, this is the first study to examine the
application of these criteria in the context of fitness

to dive assessments. A large study involving German
military aircrew members analysed 6,284 ECGs and
reported a prevalence of 0.21% of ECGs requiring further
investigation.'* This prevalence is approximately four
times lower than observed in our study, which could be
attributed to differences in physical fitness and exposure
to environmental factors between divers and aircrew;
for instance, left ventricular hypertrophy or an isolated
left axis deviation are less likely to occur in non-athletes
and are often a consequence of physiologic adaptation.'
However, differences in national policy regarding screening
and follow-up of findings may have also affected these
differences. This could also explain the absence of profound
nonspecific intra-ventricular conduction delay (QRS > 140
ms) in the German study, which represented 42% of the
abnormalities in the present study. Furthermore, we observed
a 1.0% prevalence of ECGs requiring further investigation in
the control group, prompting questions about the potential
for missed abnormal findings across the entire dataset, even
with our valid sample. It is reasonable to argue that ECG
findings necessitating further investigation may exhibit low
clinical relevance in practice since none of these divers has
presented with diving related health issues or other medical
problems leading to fatal diving incidents, which may justify
the decision not to analyse all ECGs. Furthermore, even after
reassessment, the risk of false-negative ECGs remains, as
certain abnormalities such as intermittent Wolff-Parkinson-
White, Brugada, atrial septal defect and long QT-syndrome,
may not always be detectable on an ECG. Additionally, an
ECG does not capture all forms of cardiac pathology, such
as anomalies in the coronary arteries.

Several recent studies have evaluated the contribution
of routinely performed tests, such as spirometry and
audiometry, on medical assessment of fitness to dive.!”™"
Collectively, these studies advocate for a more selective
approach to additional testing, emphasising the importance
of subject history and physical examination in determining
the necessity for further evaluation. One potential indicator
for conducting a resting ECG is smoking status, as in our
study there appeared to be an over-representation of smokers
in the cases compared to all applicants. However, in young
and fit candidates, smoking status is of little significance as
coronary artery disease has not yet developed. Conversely,
for divers older than 40 years old this could be very relevant,
as smoking is a leading risk factor for cardiovascular diseases
and mortality, particularly due to coronary artery disease
and cardiac arrhythmias such as atrial fibrillation (AF).?
Although the current study did not establish a statistically
significant effect, a post-hoc power analysis revealed a
study power of only 31.5%. Consequently, this study is
underpowered to definitively relate smoking status to ECG
findings using clinical criteria in healthy adults. Given that
the application of sports medicine ECG criteria significantly
reduced the number of ECGs requiring further investigation,
this power is further diminished. Moreover, identifying
cardiovascular risk factors in young athletes based on
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history and physical examination may prove challenging, as
cardiovascular diseases typically become clinically relevant
starting in the fifth decade of life.

As aresult, these findings cast further uncertainty on the role
of resting ECGs in fitness to dive assessments, particularly
with the goal of excluding ischaemia or coronary disease in
military divers, though the implications may extend more
broadly. While the resting ECG serves as a baseline for an
exercise ECG, its added value remains to be determined.
Different industries, such as recreational or commercial
diving, assign varying levels of importance to resting
ECGs. Aside from the prevalence of underlying disease,
the decision whether or not to record an ECG at a dive
medical assessment, or any other medical investigation
for that matter, must also be based on the level of risk that
an organisation is willing to accept. In the military diving
domain, it may be deemed acceptable to forgo a resting
ECG as a screening tool due to the generally fit and healthy
population, where unnecessary referrals could leave a diver
unfit for duty for extended periods. Conversely, cardiac
complaints in operational settings could incapacitate divers,
jeopardizing missions, although to our knowledge there have
been no incapacitations of divers in the Royal Netherlands
Armed Forces that were cardiac related.

For commercial or recreational diving, these considerations
may be evaluated differently due to distinct population
characteristics and varying costs associated with incidents.
Therefore, a more realistic approach to risk assessment
and the use of medical screening tools should be carefully
considered. Specifically for our military population, we
propose that a resting ECG at the start of a diving career may
be warranted to exclude disease which can be potentially
lethal for divers deployed to locations with limited access
to regular medical care, such as underlying arrhythmogenic
pathology such as genetic cardiomyopathies, long-QT,
Brugada, or Wolff-Parkinson-White syndrome.

Of special importance to diving is the association of a
right bundle branch block (RBBB) on the ECG with
the presence of an atrial septal defect. In a retrospective
study of 104,369 young (sportive) individuals who were
analysed, and in whom also a ‘selective’ echocardiogram
was performed, a group of 154 individuals with a complete
RBBB was identified, of which seven had cardiac pathology.
Four of these individuals had an ASD on echocardiogram
(three others had a Brugada syndrome, progressive cardiac
conduction disease and atrial fibrillation, respectively). All
of the individuals could be identified using the international
criteria for ECG interpretation in athletes (six had an axis
deviation, one had a QRS duration of 141 ms). The authors
suggest that complete RBBB should remain as a ‘borderline’
finding but only if the QRS duration is < 130 ms. Complete
RBBB of > 130 ms should be considered an ‘abnormal’
finding, warranting secondary evaluation for all with at least
an echocardiogram.?!
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Conversely, after ascertaining the presence of an initial
normal ECG, routinely performed ECGs, without a
clinical indication, seems to be of very little value and
could be omitted. Without clinical indications, it seems
valid to exclude routine resting ECGs in healthy military
divers. However, around the age of 45 years old the risk
of cardiovascular disease and cardiac related death in
diving increases, which may warrant continuation of ECG
screening in older divers.>* Whether this age is appropriate
for military divers, who are generally in a better physical
condition than the general population and at a lower risk for
cardiovascular disease, to commence routine ECG screening
remains to be determined.

STRENGTHS AND LIMITATIONS

To our knowledge, this study represents the first retrospective
analysis of resting ECGs utilising criteria established in
sports medicine during medical assessments of fitness to
dive in healthy, relatively young and asymptomatic military
divers. A notable strength of this study is the comprehensive
analysis of a large sample of resting ECGs over an
extended period of time. Furthermore, all examinations and
assessments were performed under standardised conditions,
employing consistent ECG criteria across multiple
independent assessors.

However, this study has several limitations. First, the study
population is highly selected, as healthy male and mainly
young military divers probably are not representative of
female divers and older, commercial and recreational divers.
Nonetheless, it is relatively straightforward to ascertain
whether divers in other sectors align with these findings or
may be at greater risk for cardiac disease based on history
and physical examination. We encourage colleagues to
conduct and publish similar studies to determine if the
results of this study can be applied across different sectors.
Secondly, despite two matching attempts, the control group
contained 36 missing ECGs, which slightly reduced its size
compared to initial expectations. However, as the control
group remained substantial and comparable to the overall
group, we believe it is still representative and may not have
affected the conclusions drawn from this paper. Lastly, and
perhaps most importantly, not all cases in this study received
a thorough evaluation by a cardiologist, even though referral
to a cardiac specialist was deemed appropriate at the time.
The reason for this varies from candidates’” withdrawal from
the process to omissions from the assessing physician. This
is unfortunately the case in many retrospective analyses, and
may obscure the ‘true’ presence of cardiac disease and could
have affected the prevalence of ‘true’ cardiac pathology in
our group. However, over the past three decades, there have
only been two fatal diving accidents in the Royal Netherlands
Armed Forces, neither of which was attributed to cardiac
pathology.
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Conclusion

This study demonstrates that the application of ECG
interpretation criteria derived from sports medicine standards
effectively reduces the number of ECGs requiring further
investigation compared to traditional clinical criteria. This
reduction is likely to decrease referrals to a cardiologist
and minimise the necessity for additional investigations,
along with their associated costs and potential incidental
findings. As these findings are often of unknown clinical
significance, a more nuanced approach to risk assessment
and the utilisation of medical screening tools is warranted.
We recommend that a resting ECG can be considered for
military divers as part of an initial dive medical assessment,
especially when deployed to locations with limited access
to routine medical care, to screen for potentially lethal
rhythm or conduction disorders and cardiomyopathies, but
that subsequent routine ECGs without clinical indication
can be omitted. Future research should investigate the
generalisability of these findings to other diver populations,
particularly females and older male divers. Additionally,
studies should aim to determine which risk factors, including
age, should prompt recording of an ECG as part of a fitness
to dive assessment.
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