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Objectives: The occurrence of sudden cardiac death (SCD) in competitive athletes has led to a discussion about appropriate preparticipation screening models. The role of an electrocardiogram (ECG) in routine testing remains controversial in current guidelines. Furthermore, data on cardiac findings and the prognostic utility of screening strategies in young female elite ice hockey is scarce.



Methods: Female elite ice hockey players were enrolled in the open prospective “General Evaluation Program for Arrhythmia-Related Death in Athletes” (GEPARD) registry from 2008 to 2018. A staged preparticipation screening was performed. The main goal was to determine the prevalence of SCD conditions and identify effective screening tools. The secondary aim was to study baseline results and follow-ups on a unique subgroup of young female ice hockey players.



Results: A total of 88 female ice hockey players, mean age 16 ± 1 years, were prospectively enrolled. The prevalence of conditions potentially leading to SCD during competition was 3.4% (3/88). The 12-lead ECG led to the diagnosis of one congenital long QT and one acute myocarditis and showed a number needed to screen of 44, with a specificity of 98%. One athlete demonstrated a relevant pericardial effusion on echocardiography, which was related to acute toxoplasmosis. No cases of SCD occurred during long-term follow-up.



Conclusion: The subgroup of young female ice hockey players showed a notable prevalence of athletes “at risk” of 3.4%, which indicates the importance of preparticipation screening that features a 12-lead ECG as the most important component.
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Introduction

Sudden cardiac death (SCD) in competitive sports is a profoundly tragic event, typically affecting young, seemingly healthy athletes (1). Since 1999, when two professional male ice hockey players tragically died from SCD during a sport event, SCD has become a significant topic of concern in the professional ice hockey community (Table 1).


TABLE 1 Sudden cardiac death in professional ice hockey sport.
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There is already substantial data on the increased risk, pathogenesis, and appropriate prevention of sudden cardiac death in competitive sports. However, most of these studies have predominantly focused on male athletes (1–3). Due to the increasing proportion of women in competitive sport, a gender-specific discussion is necessary. As existing studies showed women to have a 2–25 times lower risk of SCD than men (3–6), there may be less awareness of preparticipation screening for SCD in female sports.

Several studies indicate that the profile of women experiencing SCD differs from that of men in terms of underlying causes, clinical presentations, and outcomes. This necessitates further investigation to gather more data regarding the functionalities and performance of the female heart in competitive sports. Consequently, this will aid in developing appropriate preparticipation tests for all athletes (7, 8).

In this field there is an ongoing debate about the role of the 12-lead ECG as a fixed part of preparticipation screening between the American Heart Association (AHA), which is opposed due to the cost and the risk of false positive results (9–11), and the European Society of Cardiolgy (ESC), which clearly supports the use of the 12-lead ECG in screening after studies showed a significant reduction in SCD in athletes following its introduction as a mandatory screening test (1, 3, 12). This question might also need to be revisited with regard to gender differences.

The main objective of the study was to evaluate a preparticipation testing model to detect cardiovascular abnormalities that could potentially result in SCD and to define their prevalence in the special subgroup of female adolescent athletes. The secondary objective was to provide a unique baseline data-set of young female elite ice hockey players collected during preparticipation screening, and to provide follow-up data.



Methods


Study design

The “General Evaluation Program for Prevention of Arrhythmia Related Deaths in Athletes” (GEPARD) is an open, prospective, observational registry including competitive athletes who undergo preparticipation screening. The present study enrolled and analyzed all adolescent female ice hockey players referred from the German Female National Ice Hockey Team between 2008 and 2018. The study was approved by the ethical committee of the Bavarian Chamber of Physicians and follows the principles of the Declaration of Helsinki. All participants had to sign an informed consent form.



Study protocol

The GEPARD protocol follows a preparticipation screening model, which consisted of three stages (Figure 1) and includes a similar diagnostic workup for assessing athletes with arrhythmias and/or suspected cardiomyopathies as previously described (13, 14).
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FIGURE 1
GEPARD multi-stage screening model. CT, computed tomography; ECG, electrocardiogram; EPS, electrophysiology study; MRI, magnetic resonance imaging.


Every player had to undergo stage I, which included the evaluation of the medical history, a physical examination, a blood test, a 12-lead-ECG, a ≥18 h of Holter-ECG and a transthoracic echocardiography. In addition to screening for SCD during stage I, a spiroergometry was also performed with an Innocor® inert gas rebreathing system by COSMED. This was done to provide additional practice control and to assess the level of physical performance, including maximum oxygen consumption (VO2max), aerobic and anaerobic thresholds, and cardiac output. A step-up protocol was applied with 3-min intervals starting at 50 W with 25 W steps of increase. Measurements of CO was performed at baseline, sub-maximum, and maximum workload. Lactate measurements were taken at the end of each step. ECG monitoring was performed continuously throughout the examination. The recordings were printed out at the end of each stage.

If no abnormalities were detected, the athlete was cleared for sport and competition. In case of any suspicious findings, stage II of the study protocol became applicable, which contained further non-invasive cardiac imaging like cardiac magnetic resonance imaging (MRI) or computed tomography (CT) as indicated. Stage III included all invasive further diagnostic approaches (i.e., cardiac catheterization, electrophysiological study, myocardial biopsy), and was performed as clinically indicated.



Data analysis

Data was collected and analyzed on the secure institutional server using Microsoft Access, Microsoft Excel and IBM SPSS (USA). In accordance with the Shapiro-Wilk test, continuous variables are expressed as means with standard deviations (SD) or as medians with quartiles. Categorical data are shown as numbers and percentages.




Results


Participants

Eighty-eight elite female ice hockey players were enrolled between 01/2008 and 01/2018, at a median age of 16 (Table 2). The median time of follow-up from first screening to last contact was 13 years. Completeness of follow-up (FU) with at least ≥12 months individual follow-up was 100%. Main exercise related parameters are shown in Figure 2. All players included in this study were members of the German Female National Ice Hockey Teams.


TABLE 2 Baseline characteristics of athletes at stage I of the screening protocol.
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FIGURE 2
Graphical summary of the final results including cardiac MRI. Grey: player without pathologies at stage I; red: players with relevant diagnosis; blue = players with pathological findings in stage I showing normal results at stage II. CMR, cardiac magnetic resonance imaging; FH, family history; SCD, sudden cardiac death.




Screening for SCD

In stage I of the screening model, seven of 88 athletes (8%) showed relevant findings (Figure 2). Following the study protocol, stage II of the screening model became applicable and one further non-invasive diagnostic approach was performed, which was a cardiac magnetic resonance (CMR) in all of the seven cases. Stage III of the study protocol (invasive diagnostics) was neither indicated nor performed in any of the participants.

At stage I, ECG alterations were the main relevant finding (4/7, 57%). Three of them had significant T-negativity in ≥3 ECG leads (Figure 3), so the cardiac MRI as part of stage II was applied and lead to the diagnosis of myocarditis in one athlete (Figure 3) while the other 2 did not show any pathologies. The player with confirmed myocarditis was advised to take a break from sports practice, treated with nonsteroidal anti-inflammatory drugs and angiotensin-converting-enzyme inhibitors and controlled after 4–6 weeks and 3 months. One out of four athletes with pathological ECG showed a significant prolonged QT interval (QT 536 ms, QTc Bazett 513 ms; Figure 4). In combination with a positive family history for prolonged QT intervals, a congenital Long-QT-syndrome was diagnosed and consequently an exclusion from competitive sports was recommended. The cardiac MRI (stage II) in this player showed no relevant findings.
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FIGURE 3
Cardiac MRI. Cardiac MRI of a young female ice-hockey player demonstrating late gadolinium enhancement of the lateral wall and global edema, following ECG-detected T-wave inversions, strongly suggesting myocarditis. MRI, magnetic resonance imaging.
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FIGURE 4
Pathological findings of 12-lead-electrocardigrams. The pathological 12-lead-ECGs from 2 out of 4 players lead to relevant diagnoses. (A) Shows the ECG of an athlete with a newly diagnosed Long-QT ECG pattern; (B) shows inverted T-waves in more than 2 leads leading to the final diagnosis of acute myocarditis following cardiac MRI.


There were no pathological electrocardiographic findings noted during spiroergometry.

In one athlete, the echocardiography (stage I) showed an asymptomatic pericardial effusion of a maximum of 8 mm. In this case, the cardiac MRI excluded myocarditis and revealed pericarditis. The potential cause of the pericarditis was found by serological examination: Positive IgM-antibody tests for toxoplasmosis with low IgG avidity were found. The player was treated with antibiotics, controlled with echocardiography several times and cleared for training and competition after full resolution of the pericardial effusion and seroconversion. One player with mildly elevated Troponin I, which was most likely related to excessive physical training, showed no pathologic findings in the following examinations and was cleared for training and competition. The family history showed familiar hyperlipidemia combined with history of SCD in one participant, who was also allowed to continue with competitive sports as all other screening examinations showed no relevant results.

In this study, the number needed to screen (NNTS) for the ECG to detect cardiovascular pathologies potentially leading to SCD was 44 with a sensitivity of 67% and specificity of 98%. Together with the echocardiography, the cumulative NNTS was 29. Two out of four participants (50%) showed false positive results at the 12-lead-ECG, but were allowed to continue with competitive sports as stage II excluded relevant pathologies.

The overall prevalence of conditions associated with an increased risk of SCD, which required a sport practice break or even an exclusion from competitive sports, was 3/88 players (3.4%). Four out of seven players (57%) with pathological findings in stage I showed no relevant finding in stage II and where allowed to continue with sports.



Spiroergometry, Holter-ECG, echocardiography

Table 2 and Figure 5 depicts all important parameters of spiroergometry, lactate testing, Holter-ECG and echocardiography.
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FIGURE 5
Box-whisker-plots of main exercise related measures. (A) Cardiac output at spiroergometry in ml/min; (B) lactate at maximum workload in mmol/L; (C) maximum oxygen uptake (Vo2max) in ml/min/kg; (D) aerobic and anaerobic threshold in watt.




Follow-up results

No case of SCD occurred during the total follow up of 13 years and 968 athlete years. One athlete (1/88, 1.1%) experienced acute pulmonary embolism during competition following long-distance traveling and was counted as MACCE, one athlete died from non-cardiac cause (cancer).




Discussion


Risk of SCD in female athletes

The preparticipation screening revealed a prevalence of 3.4% out of 88 participants showing 3 different pathologies that are associated with an increased risk of SCD. Considering the unique characteristics of our study population, which includes only young elite female ice hockey players, this rate appears to be relatively high. However, this finding aligns with results from young male athletes (3, 15, 16), demonstrating that preparticipation in sports to detect potential risks for sudden cardiac death is a highly relevant issue for women as well. This emphasizes the importance of conducting preparticipation tests regularly, regardless of gender.

In this population (peri-)myocarditis was the most common cardiac pathology followed by channelopathy (Long-QT), which is different from the most common causes of SCD in male athletes (2, 3). This gender difference in the etiology of sudden cardiac death in sports was also postulated in other studies, which suspected channelopathies as the most common causes in female athletes, while HCM predominates in men (2, 3, 7). Differences in hormonal mechanisms, sympathetic tone, catecholamine release, and the prevalence of hereditary diseases may result in varying causes and incidence rates of Sudden Cardiac Death (SCD) between male and female athletes (6, 8, 17).

In our study, mild and asymptomatic myocarditis emerged as the most prevalent pathological finding during screening. Considering that myocardial inflammation is relatively common in athletes and can lead to serious complications, including SCD, a comprehensive evaluation of the patient, including MRI and even endomyocardial biopsy, is crucial for effective management. This thorough assessment provides vital information for safely determining sports eligibility and estimating prognosis (18). For instance, a 2012 study by Gruen et al. indicated that 9.9% of patients with biopsy-confirmed myocarditis experienced SCD during a 5-year follow-up (19).



12-lead-ECG in preparticipation testing

This analysis emphasizes the crucial role of the 12-lead ECG in pre-participation testing to identify athletes at potential risk for Sudden Cardiac Death (SCD). With a reasonable number needed to screen (NNS 44), and high overall specificity of 98%, it substantiates its usage for detecting young female athletes who might be at risk for SCD.

Without the use of the ECG, neither the athlete with acute myocarditis nor the one with Long QT Syndrome would have been identified as “at risk” using only the other diagnostic tools available in Stage I.

Two out of four participants with pathological findings in the 12-lead EKG were able to continue participating in sports since no relevant findings were discovered during the additional examinations in stage I and II. This supports the idea that multi-stage screening models can aid in preventing false disqualifications.

Indeed, the effectiveness of the ECG largely depends on the expertise of the physician interpreting the results. Therefore, it is crucial to employ consistent ECG interpretation criteria during preparticipation screening (20, 21).



Further examinations in preparticipation testing and in staged protocols

In addition to the 12-lead EKG, medical history, and clinical status, a transthoracic echocardiography is only recommended for patients with known structural heart diseases or as deemed necessary (22). However, the player with the pericardial effusion related to a toxoplasmosis would not have been detected without the use of the echocardiography as a “baseline” test at stage I during the screening. This supports a generous use of the echocardiography to improve the sensitivity of preparticipation screening models.

During Stage II, an MRI was performed on all athletes who exhibited any pathologies in Stage I. This resulted in MRIs being administered to 7 out of 88 athletes (13%), with one case confirming myocarditis. This rate appears relatively high, suggesting a need for stricter MRI indications within general pre-participation screening models. This would ensure applicability and effectiveness across all sport types.

A cardiac computed tomography (a stage II option) was not administered in this young population due to the absence of any indication.

According to the present recommendations, the ECG exercise test and a Holter-ECG can also be added to preparticipation screening as indicated (e.g., for athletes with symptoms or in elderly athletes >40) but as expected in the present young female subgroup, both did not contribute to the diagnosis of SCD related cardiac conditions.



Reference data for female ice hockey athletes

Reference data for the baseline evaluation of female elite ice hockey players in preparticipation screening is rarely available. The present results helps to define standards in young female athletes and may be cited as reference values for healthy subject evaluation.

The spiroergometry by inert gas rebreathing (Innocor®) and the lactate tests as part of stage I of the protocol were not able to improve the sensitivity of screening for athletes “at risk for SCD” and could be omitted in further preparticipation screenings beyond academic studies. However, they can be useful for training control. To the best of our knowledge, this is the first report presenting VO2max, cardiac output under exercise and an aerobic and anaerobic threshold in the special group of young (median age 16 years) female ice hockey players. Certainly, there exists data on average reference values for endurance tests in elite athletes and hockey players, but these are primarily for male athletes over the age of 20 (23, 24). In the present study, VO2max was 37.8 ± 5 ml/min/kg in females elite ice hockey players at the mean age of 16 years. In comparison, in male ice hockey players at the age of 24, the VO2max was higher (51.8 ± 3 ml/min/kg) (24). Diameters and dynamic measurements from echocardiography as part of stage I match to normal reference values in adults (25, 26) but do not exceed them like as consequence of training-related cardiovascular adaptations (e.g., enlargement of LV dimensions, wall thickness) seen in male ice hockey players and athletes of other sports (27, 28). This might be explained by the very young population and the cardiac impact of testosterone in male athletes (8).

Therefore, the existing dataset could be used for comparison in future analyses of similar subgroups, and may also serve as a clinically relevant reference for the evaluation of young female patients.



Limitations

The main limitation of the study is the small sample size and the short follow-up time, especially because SCD in young female athlete is known to have a low incidence rate. As the analyzed population was quite specific including only young female ice hockey players (median age 16), the results might not be generalizable to other sports, age, or gender. No comparative group exists with non-screened athletes. Fortunately, no SCD occurred in the follow-up of this study.

Thus, we are unable to link our findings directly to the critical endpoint of mortality. We can only hypothesize that the screening model detected precursory irregularities related to sudden cardiac death (SCD), especially since no SCD occurred during the follow-up period of the study.




Conclusions

This study highlights the need for comprehensive preparticipation screening, especially 12-lead ECG, in young female elite ice hockey players to detect potential risk for sudden cardiac death (SCD). In this group, there is a significant 3.4% prevalence of conditions which could lead to SCD. Both ECG and echocardiography proved effective in detecting cardiac conditions like congenital Long QT syndrome and myocarditis. Subsequent cardiac MRI application also enabled accurate evaluations. No SCD cases occurred during follow-up, demonstrating the screening's effectiveness. The study underlines the need for ongoing vigilance and tailored screenings considering female athletes' unique SCD pathophysiological profiles and etiologies. The findings advocate for including comprehensive cardiac screening in young female athletes' preparticipation evaluations, enhancing their safety across all sports disciplines.
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