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ABSTRACT
O’CONNOR, F. G., M. F. BERGERON, J. CANTRELL, P. CONNES, K. G. HARMON, E. IVY, J. KARK, D. KLOSSNER,
P. LISMAN, B. K. MEYERS, K. O BRIEN, K. OHENE-FREMPONG, A. A. THOMPSON, J. WHITEHEAD, AND P. A. DEUSTER.
ACSM and CHAMP Summit on Sickle Cell Trait: Mitigating Risks for Warfighters and Athletes. Med. Sci. Sports Exerc., Vol. 44, No. 11,
pp. 2045–2056, 2012. Introduction: An estimated 300 million people worldwide have sickle cell trait (SCT). Although largely benign, SCT
has been associated with exertional rhabdomyolysis and exercise-related sudden death in warfighters/athletes (WA). The National Collegiate Athletic Association’s policy to confirm a student athlete’s SCT status during their preparticipation medical examination prompted
reaction from some organizations regarding the rationale and ethical justification of the policy. Methods: On September 26 and 27, 2011,
a summit, composed of military and civilian experts in sports medicine and SCT, was convened at the Uniformed Services University in
Bethesda, MD. The expert panel was charged with two objectives: 1) to provide specific recommendations to further mitigate the apparent
risk with strenuous exercise in WA with SCT and 2) to develop clinical guidelines to identify, treat, and return to duty/play WA suspected
to have incurred nonfatal sickle cell collapse. Results: New terminology is introduced, areas of current controversy are explored, consensus recommendations for mitigating risk and managing the WA with SCT are reviewed, and important areas for future research are
identified. Conclusion: Further research is needed before conclusions can be drawn regarding the etiology of the increased death rate
observed in WA with SCT, and the possibility exists that SCT is a surrogate for as yet another contributing factor for the unexplained
deaths. Key Words: ATHLETIC HEALTH, EXERCISE COLLAPSE, HEMOGLOBINOPATHIES, RISK MANAGEMENT

S

ickle cell trait (SCT) and its association to exertional
rhabdomyolysis (ER) and exercise-related death (ED)
in athletes are significant and controversial issues confronting the sports medicine community and the US Department of Defense (DoD) (33,52,91). Approximately 300 million
people worldwide and nearly 9% of African Americans in the
United States (approximately 3 million individuals) have SCT
(48). The condition is largely benign, because complications
are uncommon and typically mild (52). Two SCT-associated
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deaths in the military in 2010 and a 2010 National Collegiate
Athletic Association (NCAA) policy requiring student athletes to provide documentation of their SCT status or sign a
written release before beginning athletics activity have heightened
attention and debate on the relationship between SCT and risk for
both ER and ED.
The 2010 NCAA new policy and guidance on SCT were
developed in response to student athlete deaths that were
seemingly due to complications from SCT. This policy has
raised national attention on the association between SCT and
ED and the merits and ethical concerns of screening (52).
The American Society of Hematology (ASH) issued a statement in 2012 strongly recommending that the NCAA reverse
its policy; ASH cited a lack of scientific evidence to support
SCT screening (38). Furthermore, the hematology society
strongly endorsed evidence for universal precautions and
guidelines to diminish exercise-related injuries and death,
which could benefit all athletes, regardless of SCT status.
Each military service mandates its own policy. The U.S.
Army does not screen for SCT but rather mitigates risk
through policy-promoting universal precautions for all
soldiers—careful attention to hydration, progressive heat
acclimatization, and graduated conditioning and training.
Whereas these interventions demonstrated reduced risk of
exercise-related SCT complications, ED continues to sporadically occur in soldiers who are SCT positive (and negative). The death of two soldiers in 2010 prompted
convening a summit and expert panel, in collaboration with
the American College of Sports Medicine (ACSM), interested DoD entities, the American Medical Society for Sports
Medicine (AMSSM), ASH, and selected members of the
sports medicine community to discuss SCT, with particular
emphasis on mitigating risk in warfighters and athletes
(WA). This review reflects the discussions and debates that
occurred during the conference. Specifically, we introduce
new terminology, explore areas of current controversy, review recommendations for mitigating risk and managing
WA with SCT, and identify vital areas for future research.

METHODS AND APPROACH
On September 26 and 27, 2011, the Consortium for Health
and Military Performance (CHAMP) convened a summit and
expert panel at the Uniformed Services University in Bethesda,
MD. Participants included scientists and physicians from the
DoD, representatives from ACSM, AMSSM, and NCAA, and
other subject matter experts from ASH and the sports medicine
and international research communities. The group was charged
with two objectives: 1) to provide physical training and other
specific recommendations to further mitigate the apparent risk

with strenuous exercise in WA with SCT and 2) to develop
clinical guidelines for primary care responders to identify, treat,
and return to duty/play (RTDP) WA suspected to have incurred
nonfatal sickle cell collapse during exercise. The expert panel
reviewed SCT fatalities in military and civilian populations,
current military and civilian policies and recommendations for
WA with SCT, strategies for managing the collapsed WA with
SCT, and future research needs.

DEFINITION AND DIAGNOSIS OF SCT
Normal adult hemoglobin (Hb) is composed of two > and
two A chains, which come together to form the tetramer HbA.
A mutation in the sixth codon that results in the substitution
of valine for glutamic acid as the sixth amino acid in the A
globin produces HbS. A person with SCT inherits a A-A gene
from one parent and a A-S gene from the other, allowing both
HbA and HbS to be produced in each red blood cell (RBC).
Persons with SCT always have more HbA than HbS, which is
also called AS (implying more A than S). In contrast, those
with sickle cell disease (SCD) inherit the A-S gene from both
parents and produce no HbA in their RBCs—only HbS or SS.
A definitive diagnosis of SCT can be made by one of two
methods: Hb separation and quantitation methods or analysis
of A-globin genes. The presence of HbA and HbS in RBCs,
with HbA predominating in a person who has not received an
RBC transfusion in three or more months, establishes SCT.
Currently, more than 1100 Hb variants exist and many share
common charge and migration characteristics; so more than
one method (e.g., electrophoresis, isoelectric focusing, and
various chromatographic methods) may be required for correct identification.
Simple tests that determine the mere presence of HbS are
of limited use and fraught with false-negative results. Currently, the most common ‘‘sickling test’’ is the solubility test
(Sickledex). It relies on the relative insolubility of deoxyhemoglobin S in an aqueous solution and is usually positive
(i.e., HbS present) in both SCT and all types of SCD. The
results can be false negative when the relative proportion of
fetal Hb is high, hematocrit G26, SCT and >-thalassemia
trait are present (see the effects of >-thalassemia on Hb S
percentages in SCT carriers in Table 1), or SCT is concomitant with iron deficiency anemia. In addition, Hb solubility and RBC sickling tests fail to detect other common Hb
variants, such as HbC, D, or E. A ‘‘negative’’ solubility test
does not mean a person is ‘‘normal’’ and that he/she cannot
produce a child with SCD. Studies evaluating the solubility
test in people ‘‘between 5 and 40 yr’’ of age have demonstrated a false-positive rate of 0% and false-negative rate of
1% (45).

TABLE 1. Common >-thalassemia syndromes and their effect on percentage HbS in SCT.
> Genes Deleted
0
1
2
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Genotype

Clinical Phenotype

HbS (% T SD)

Normal (> >/> >)
Heterozygous > thal (– >/> >)
Homozygous > thal (– >/– >) or heterozygous >0 thal (– –/> >)

Normal
Silent carrier—normal hematologic profile
A thalassemia trait—mild microcytic anemia

37.1 T 2.51*
32.6 T 1.91*
25.5 T 1.44*
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ACSM AND CHAMP SUMMIT ON SCT

EXERCISE COLLAPSE ASSOCIATED
WITH SCT
The summit revealed that clinical presentations within the
military and sports medicine community for WA with SCT
were unique from those reportedly seen among clinical hematologists in persons with SCD. In particular, fulminant ER
and severe muscle pain, weakness and/or cramping presentations appear to be uniquely distinct from the characteristic painful crises identified in SCD patient populations.
However, several reports (58,59,83) describe myonecrosis in
the context of a sickle cell vaso-occlusive crisis, which suggests this may be an overlooked and underdiagnosed consequence (18). After considerable debate, the group collectively
agreed that the clinical presentations observed in WA with
SCT would be identified as ‘‘exercise collapse associated
with SCT’’ or ECAST.
Clinical presentation of ECAST. ECAST appears to
be a spectrum presentation in WA with SCT because it varies
from severe muscle pain to fulminant collapse (33). Although
ECAST has been noted in both military and sport settings at
various levels of training/conditioning and competition, American football conditioning appears to account for the majority of
ECAST events (40). In football conditioning, the proximate
trigger for ECAST appears to be high-intensity exercise
(30,33). The typical setting reported for precipitation of
ECAST is an athlete near maximal exertion—repeated or
sustained—for a short time. Of the 10 Division I football
players with SCT who died in the past decade, five had been
doing serial sprints for 5 to 30 min and four had been doing
fast-tempo, multistation drills, with little or no rest between
stations, for 12 to 60 min. In five of the earlier football players
with SCT who died, sprinting for only 2–5 min reportedly led
to ECAST (two players had newly arrived at altitude). ECAST
can seemingly occur after finishing an hour-long, fast-tempo
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Since the 1980s, epidemiological and laboratory studies
have characterized the physiological responses to exercise
in persons with SCT. Notably, SCT does not appear to limit
participation in various sports under elite performance demands.
In the Ivory Coast, the prevalence of SCT in competitors
running the Abidjan semimarathon was the same as in that
general population (56). Similar results have been found in
runners of the International Mount Cameroon Ascent Race
in Cameroon (84), and some Olympic sprinters have been
SCT carriers (61,69).
Brief single-bout, power-reliant performance. A
large epidemiological study between 1956 and 1995 indicated
that a higher percentage of Ivory Coast track and field throw
and jump champions were SCT carriers compared with the
general population. Accordingly, one might speculate that
SCT contributes to success in very brief and explosive track
and field events involving mainly alactic energy metabolism
(10) or with limited reliance on anaerobic glycolysis. The
34 (27.8%) SCT carriers identified across the 122 national
champions won 78 national titles (24.5%) and established
37 national records (43.5%) among the throw and jump events
(10). Notably, the women’s high jump and men’s shot-put
record holders had the highest percentages of SCT carriers—
90.9% and 87.5%, respectively. Importantly, SCT carriers
have been shown to achieve superior performance during jumpand-reach tests compared with non-SCT controls (46). Whereas
a potential underlying mechanism has yet to be identified, a
2010 study reported SCT carriers tended to have a higher
cross-sectional surface area of Type IIx fibers—the muscle
fibers recruited during brief, single explosive movements (94).
Anaerobic performance. Le Gallais et al. (55) analyzed exercise performance in SCT carriers during National
Ivory Coast athletic sports events and found SCT carriers
established 32/33 national records for distances under 400 m.
Similar to jumping and throwing, SCT carriers may have a
greater ability to excel in short and intense running than that in
longer distance events and have the capacity to safely tolerate
and train for short-distance competitions. However, laboratory
studies on anaerobic power and circulating lactate levels have
not demonstrated significant differences between SCT carriers
and control groups (9,22).
In contrast, the ability of SCT carriers to perform repeated,
short bouts of anaerobic-predominant exercise, with limited
recovery between bouts, may be lower than that of non-SCT
carriers (22). Hypothetically, the capacity to rapidly recover
from such exercise bouts could be compromised in SCT
carriers because of the reliance on a rapid rate of oxygen
delivery and use after each repeated bout (23). However,
excess postexercise oxygen consumption after 1-min bouts of
short supramaximal exercise at 110% maximal oxygen uptake
(V̇O2max) did not differ between SCT carriers and controls
(21). These data suggest that exercise recovery is not compromised in SCT carriers (21), but a larger sample size would
be needed to confirm or refute these preliminary findings.

Aerobic performance. Individuals with SCT are not
selectively excluded from participation in aerobic sports/activities (54); however, epidemiological investigations from
the Ivory Coast (55,56) indicate SCT might limit reaching a
high level of performance during activities relying on
sustained aerobic metabolism. Comparisons of V̇O2max (gold
standard for aerobic fitness) between SCT carriers and nonSCT controls yielded no differences (62,75,77), even under
acute mild, moderate, or severe hypoxic conditions (63,97–99).
When SCT carriers and non-SCT controls were compared on
other criteria of aerobic fitness (ventilatory threshold and lactate
threshold), no differences existed between the two populations
(39,60,66). Similarly, when SCT carriers and controls repeated
three incremental exercise bouts to exhaustion, interspaced
with 10 min of recovery, no differences in any cardiorespiratory parameters were detected (60). However, Vincent et al.
(94) found lower cytochrome C oxidase activity in muscle
fibers from SCT carriers relative to controls, which could
limit oxidative energy metabolism and lower aerobic capacity
in this population (23).
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TABLE 2. Common features reported for ECAST.
 Muscle weakness exceeds muscle pain, unlike heat cramping.
 Victim slumps to ground, unlike with sudden cardiac arrest or hobble of
heat cramping.
 Victim can talk at first, unlike the unconscious state resulting from life-threatening
arrhythmias seen in sudden cardiac arrest.
 Muscles look and feel normal to observer, unlike ‘ locked up’’ muscles observed
with heat cramping.
 Rapid tachypnea from lactic acidosis—but moving air well, unlike an
asthma attack.
 Rectal temperature usually G103-F, uncommonly 9106-F, as in exertional heat stroke.

station drill or after being on-field only briefly—for example,
sprinting ‘‘all-out’’ for only 2–5 min (30,33).
A review of case reports revealed that typical training settings include the following: day 1 of conditioning, newly arrived at altitude, just returning from a vacation, or a sudden
increase in the intensity of a conditioning drill (3). All ECAST
events appear to involve a ‘‘perfect storm’’ of high-intensity
exercise, sustained for at least a few minutes, and a ‘‘heroic
effort’’ beyond what may be the physical limits of the athlete
on that particular day (Table 2). The principal differential diagnosis in the struggling WA includes muscle cramps and
collapse from heat illness, in addition to ECAST. The usual
findings with exertional muscle cramps are painful, hard
contracted muscles, whereas ECAST may be typified by pain,
weakness, and flaccid or soft muscles (33). Those persons
experiencing exertional heat illness (EHI) may present with
ataxic gait, headache, decreasing performance, and eventually
mental status changes, although the aforementioned are not
commonly seen in the SCT WA with an ECAST event.
Epidemiology of ECAST: the civilian experience. A
recent cohort study during a 5-yr period from 2004 to 2008
reported five NCAA ED events in SCT African American
athletes (40). Harmon et al. (40) noted a 15-fold increased risk
of ED for athletes with SCT compared with those without
SCT, with all SCT deaths having occurred in Division I football
players. African Americans with SCT in this Division I cohort
had an ED risk of 1:827—a relative risk approximately 37 times
greater than for African American Division I football players
without SCT. However, ECAST is not exclusive to collegiate
football players because the medical literature and lay press
have reported its occurrence in high school athletes and athletes
engaged in other strenuous physical activities (30,33,78,85),
such as boxing (44). However, the full scope of the problem is
difficult to glean from case reports alone. Deaths related to
ECAST have been examined and underscored; however, the
morbidity of ECAST remains unappreciated (30), because no
case-control studies documenting these phenomena or incidence rates have been conducted (33).
Epidemiology of ECAST: the military experience.
The military published a sentinel study supporting ECAST
scenarios, prompted by the first known reports in the late
1960s when SCT carrier recruits died in basic training
(47,50,65). Basic training involves rapid and sustained exercises for many conditioning activities, intense and focused
military-specific training, and testing for 1- to 3-mile run
times. Kark et al. (49–51) measured the excess risk of ED
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associated with SCT for Armed Forces recruits in basic
training from 1977 to 1991, and subsequent studies provided mortality rates for recruits for a 25-yr period
(29,49,51,79). Overall, the Armed Forces recruit studies
indicated SCT was not associated with trauma, suicide,
natural death unrelated to exercise (mainly infections), or
deaths from preexisting disease (principally hidden congenital cardiovascular disease) (50,79). However, SCT was associated with unexplained (by preexisting disease) ED. The
major findings were that unexplained ED rates among black
recruits with SCT were 30 times higher than among black
recruits without SCT and 39 times higher than all recruits
(50,51).
In military populations who had completed basic training,
Gardner et al. (36) found a much lower risk of unexplained
ED with SCT. For example, no such cases were found among
200 episodes of unexplained ED over several years of army
duty, and rates of unexplained ED among recruits in advanced
training were very low (36). The very low residual risk, for
those who passed entry-level basic training, might be explained
by the elimination of a vulnerable subset of recruits, the removal
of the unique and novel stresses to succeed during basic training, and/or protection conferred by sustained enhanced fitness
and environmental acclimation.

IS SCT AN INDEPENDENT RISK FACTOR
FOR ECAST?
The initial pathophysiological mechanisms of vaso-occlusion
in SCD seem to involve several key interacting factors, such as
impaired blood rheology (5), a proinflammatory vascular
environment with abnormally adherent sickle cells, neutrophils and monocytes (42,71), coagulation abnormalities
(53), and endothelial dysfunction (37). Increased hematocrit
and blood viscosity are risk factors for vaso-occlusive crises
(70,72), and RBC deformability gradually becomes impaired when a vaso-occlusive crisis develops (6).
Similarly to SCD, blood rheology and inflammatory factors
have also been suggested as precipitating factors in ECAST in
those with SCT (20). As such, several investigations have
monitored these biological factors in response to exercise. To
date, the main findings include the following: 1) SCT carriers
at rest have increased blood viscosity (19,86,90), slightly
decreased RBC deformability (19,87), somewhat increased
RBC disaggregation threshold (87), and increased plasma
concentration of the adhesion molecule vascular cell adhesion
molecule 1 (4,67,68); 2) exercise results in a greater decrease
in RBC deformability in SCT carriers than that in controls
during late exercise recovery (89), but adequate hydration
normalizes the hemorheological abnormalities of SCT carriers (90); 3) exercise results in a greater activation of leucocytes and platelets in SCT carriers than that in non-SCT
controls (88); and 4) SCT carriers and controls exhibit very
few differences in coagulation processes (7,24,100).
A recent study compared changes in biochemical markers
reflective of muscle lysis in response to prolonged, moderate
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An alternate hypothesis is that HbS is a surrogate for or acts
in combination with other gene variants to precipitate EHI or
ER. Polymorphisms associated with the A-globin gene could
account for some of the excess risk, especially if these variants served in some way to decrease the chance of surviving
a severe episode of EHI. Other gene defects, such as variants
in the ryanodine type 1 receptor (RYR1) may predispose
individuals to ER (13,76). Future studies of unexplained
exertional death cases with SCT should include screening for
other genetic variants, as well as quantification of Hb variant
distribution; this would help clarify the individual events.

ECAST CONTROVERSIES
To what extent do RBCs sickle during exercise?
Although RBCs from persons with SCT can be induced
to sickle in vitro (73), the extent to which they sickle in vivo
is less clear. The Hb population in RBCs from persons with
SCT (assuming minimal Hb F and normal HbA2) exists
mostly in three forms: A, S, and a hybrid of >/A-A and >/AS, designated as A/S (74). Unlike HbA, HbS and HbA/S
hybrids both participate in polymer formation when deoxygenated; but with sufficient amounts of HbA (HbA 9 HbS),
polymerization is inhibited to the extent that SCT RBCs
do not sickle under most physiological conditions (1). Only
under extreme physiological conditions—high plasma osmolarity, severe acidosis, and/or hypoxia—would polymerization of deoxy-HbS, sickling, and other related vascular
dysfunction occur in some tissues of SCT individuals.
Few investigators have examined the percentage of sickle
RBCs in SCT carriers during or after exercise (8,27,63,74,88).
Among them, Martin et al. (63) tested the effects of acute
hypoxia (1270 and 4000 m) on exercise performance and
sickling rate. They demonstrated that maximal arm cranking
exercise under light to severe hypoxia increased sickling
of RBCs in SCT carriers: from 1.0% T 1.0% at rest to 2.3% T
2.6% during peak exercise at 1270 m and from 1.5% T 12%
to 8.5% T 7.1% at 4000 m. However, sickling was highly
variable, and oxygen consumption did not differ between
SCT carriers and controls. Bergeron et al. (8) demonstrated
progressive RBC sickling (3.5%–5.5%) in SCT carriers during exercise in the heat when hydration was restricted but not
when hydration status was maintained. In these studies, the
increases in RBC sickling did not appear to be clinically
significant; however, these findings reinforce the suspicion
that exercise-induced sickling and consequent vascular dysfunction may occur during exercise under certain conditions
in WA with SCT.
ECAST and sickling: culprit or postmortem event?
A key issue in the debate on SCT collapse is the absence of
documented sickling as the initiator of an ECAST event. The
causal relationship between SCT and exercise death is difficult
to prove in a way that would fully support the hypothesis that
fulminant sickling prompts these fatal events (3,57). Widespread multiorgan, small-vessel sickling can only be observed
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cycling exercise in SCT carriers and non-SCT controls (64).
Despite a greater blood viscosity in SCT carriers (90), serum
creatine kinase and lactate dehydrogenase were similar in the
two groups and remained unchanged in response to exercise. Both groups had increases in creatinine, Na+, K+, Clj,
and myoglobin concentrations during exercise, although the
changes were of the same magnitude (64). Unfortunately, the
exercise performed in this study (64) was probably of insufficient intensity or duration to ascertain whether SCT carriers
are at greater risk for ER than noncarriers. Accordingly,
these data only indicate that SCT carriers can perform prolonged, moderate exercise without indications of consequent
muscle damage.
Although most of the reported blood rheological alterations in SCT carriers are likely subclinical (86), 25% to
33% have true blood hyperviscosity. In fact, blood viscosity
values may reach levels often observed in patients with
HbSC disease (86,90). Indeed, it is unclear why more medical
events are not reported in SCT carriers. Muscle biopsy data
obtained by Vincent et al. (93) noted that SCT carriers had
a lower capillary density and tortuosity, reduced numbers
of small microvessels (diameter G5 mm), and a higher percentage of broader microvessels (diameter 910 mm) than
noncarriers. Microvascular remodeling in SCT may serve to
compensate for the blood hyperviscosity and thus facilitate
a normal flow of RBCs through muscle tissues.
Collectively, these findings suggest that SCT carriers
could be at a greater risk during or after certain exercise scenarios and conditions of microcirculatory alterations (16,17),
which might lead to acute ischemic episodes in skeletal
muscle cells.
Do other factors promote RBC sickling and vascular dysfunction? Several other contributing factors have
been proposed as potentially increasing the risk for adverse
events in SCT carriers. These include 1) exercise in heat and/or
high humidity; 2) dehydration; 3) exercise at altitude; 4)
exercise-induced asthma; 5) preexercise fatigue due to illness (e.g., viral infection) or lack of sleep (41); 6) poor conditioning (4); 7) high exercise intensity (33); and 8) dietary
supplements containing stimulants (12,32). Except for high
altitude (63,80) and heat exposure (16,43,50), hydration status (8,49,90), and poor conditioning (4), the potential contributions of the other factors to initiating adverse events in
SCT carriers remain hypothetical. Importantly, the aforementioned risk factors for adverse outcomes also apply to
those who are not SCT carriers, with the exception of altitude.
Chirico et al. (15) recently demonstrated that the oxidative
stress response of exercising sedentary SCT carriers was
greater than seen in exercising, physically trained SCT carriers.
They concluded that being physically fit might decrease endothelial activation in SCT carriers through improvements in
both nitric oxide and antioxidant availability (15), which could
presumably limit the risk for ECAST. Accordingly, the risk of
unexplained ED would likewise be lower after completing a
season of competitive sport or basic training for military service compared with the risk upon program entry (15).
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on postmortem evaluation and thus cannot be assigned as the
definitive cause of death or the consequence of determinant
metabolic changes before death until more support for this
cascade of events is documented (51). Accordingly, that progressive sickling is involved in these scenarios leading to death
remains a viable hypothesis.

ECAST RISK MITIGATION: HEAT,
HYDRATION, OR INTENSITY?
To date, no well-controlled, hypothesis-driven, prospective
studies have examined SCT and exertional collapse in association with ECAST. However, the principal emphasis and
efforts directed at ECAST risk mitigation have focused on
controlling heat exposure, supporting adequate hydration, and
addressing exercise intensity.
Heat. The military, in particular, the U.S. Army, focused on
heat exposure and strain mitigation, as a result of prior epidemiological interventions (82). Kark et al. (49) demonstrated
that ECAST-like incidents in the military recruit population
were effectively mitigated by enforcing strategies to prevent
EHI. Between 1982 and 1991, an intervention group (30,000
regular military recruits with SCT and 1.8 million without
SCT) and a nonintervention group (Control Center: 13,500
recruits with SCT and 960,000 without SCT) were followed
(51). Trainers in the intervention group conducted hourly
monitoring of the wet bulb globe temperature (WGBT), so
exercise intensity could be reduced and rest breaks increased
as WGBT rose. Water intake, directly observed by trainers,
went up as WGBT increased. Clothing was modified as WGBT
levels rose to allow for increased evaporative and convective
cooling. Immediate cooling and rehydration were provided for
recruits who had difficulty keeping up with or ‘‘fell out’’ of
training events.
No recruits with SCT from the intervention group died,
whereas six recruits without SCT did (51). In contrast, 14 unexplained EDs were noted at Control Centers: 4 with SCT
and 10 without SCT. A significant reduction in unexplained
ED rates was noted for all recruits in the Intervention versus
Control Centers, and unexplained ED rates for SCT recruits
were 17-fold lower at Intervention than at Control Centers. In
comparison with historical controls, SCT-related unexplained
ED rates declined by at least 22-fold at Test Centers but only
decreased 1.15-fold at Control Centers (51). These data imply
that improved prevention of EHI can eliminate nearly all the
excess mortality potentially associated with SCT. This study
avoided biases by accurate collection of all deaths among a
well-defined population with full recovery of population
unexplained EDs and full autopsy, toxicology, clinical, and
training data for 95% of deaths. It is important to note,
however, that the army has not eliminated SCT deaths, as
evidenced by the deaths that prompted this summit. Factors
that may contribute to continued SCT deaths include but are
not limited to lack of complete compliance with EHI prevention standards, medications, medical conditions, such as subclinical cardiac abnormalities, and the emerging role of dietary
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supplements. Thus, it is difficult to definitively evaluate the
effectiveness of the army’s approach.
Hydration. Several studies have examined the effect of
hydration on RBC sickling or blood rheology during exercise
(8). As noted above, Bergeron et al. (8) investigated the effects of brisk walking for 45 min in a hot environment on
RBC sickling in SCT carriers. They demonstrated that sickling remained low and essentially unchanged by exercise when
subjects were adequately hydrated. These findings are in contrast to a 2010 study where SCT carriers participated in 40 min
of moderate cycling exercise (not in the heat) under two conditions: ad libitum hydration and water deprivation. Although
some significant differences in blood rheology were demonstrated under the two conditions (increased blood viscosity),
RBC sickling was not statistically affected by either exercise
or hydration/dehydration conditions (90).
Intensity. To date, no studies have investigated how exercise intensity may alter RBC sickling and/or other hemorheological markers affecting vascular function, or whether
lowering exercise intensity changes the incidence of ECAST
or similar adverse events with SCT carriers. Of note is that
SCT deaths from physical readiness tests (PRT) in the military
were usually in persons of low to moderate fitness, and although they were attempting to complete a timed test, the
absolute workloads were low relative to what might be
expected for a PRT.

CURRENT SCT POLICIES
Public health perspectives. Universal newborn screening for SCD and SCT is currently performed in all 50 states in
the United States and the District of Columbia as a public
health imperative. The early detection and intervention in the
child with SCD reduces mortality compared with children diagnosed later (92). Several national health-related organizations
have established policy positions regarding SCT screening related to athletic participation. The U.S. Department of Health
and Human Services Secretary’s Advisory Committee on
Heritable Disorders of Newborns and Children supports the
right of individuals to be informed about their medical risks of
inherited conditions, but it emphasizes that testing should 1)
be voluntary, 2) take place in a setting that ensures privacy, 3)
not be required for athletic participation, and 4) provide
athletes with information about strategies to avoid excessive
dehydration and undue physical exertion as part of routine
medical care (48).
The Sickle Cell Disease Association of America cited
the lack of scientific evidence that would support a significant correlation between SCT in athletes and unexplained
ED in the development of their policy. Sickle Cell Disease
Association of America is in favor of implementation of
universal, safe training guidelines to reduce dehydration
and heat- or exercise-related illness and recommends voluntary screening be linked to counseling, before and after
testing, to protect the individual against stigmatization and/
or genetic discrimination.
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with SCT. The new guidelines delineated that no individual
with SCT would be required to undergo screening, other than
that required by all applicants for each respective occupation
(95). Policies concerning SCT were revisited several years
later, after the death of three Air Force recruits (81). Reevaluation of SCT screening in 1996 led to a memorandum (28)
from the Secretary of Defense stating that SCT testing was
not required at Military Entrance Processing Stations for
military accessions. Military medical history screening guidelines were considered sufficient for excluding individuals
with SCD, and the monetary cost of screening outweighed the
anticipated benefit. Although testing would continue for individuals under consideration for specific occupational duties, it
would only be performed after entry into the military (28).
Currently, each service is permitted to have its own policy
based upon unique operational needs. The U.S. Air Force,
U.S. Navy, and U.S. Marines screen for SCT after accession,
whereas the Army discontinued all screening procedures in
1991. Admittance to occupational specialties within the U.S.
Army is restricted to male and female recruits with hematocrit
concentrations Q38% and 35%, respectively, if a complete
hematologic evaluation results in a diagnosis of anemia due
to SCT or A-thalassemia. Navy recruits with SCT are issued
a red wrist band to demarcate light duty, until completion of
electrophoresis testing. Recruits with HbS Q45% are separated from military service, whereas those with HbS G45%
are issued red dog tags and a red-orange belt to wear during
strenuous physical activities. They are also counseled on risk
of exertion-induced symptoms/episodes when at altitude and
the importance of proper hydration practices. Recruits are not
counseled on the risk of sudden death and/or unexplained ED.
SCT-positive U.S. Air Force recruits are eligible to separate
from their service commitment, but those with HbS 945% are
mandated to leave.

SUMMIT RECOMMENDATIONS
Mitigating ECAST risk in the WA. Whereas wellcontrolled interventional trials on persons with SCT are lacking,
reducing the risk and episodes of ECAST are essential. Most
ECAST episodes in the military and sports communities take
place during basic training or preseason athletic training,
respectively. Accordingly, preventive efforts for these populations should be prioritized to these periods. The National
Athletic Trainer’s Association published guidance to address
heat stress and exercise intensity for all athletes—with and
without SCT (2,14). Strict adherence to heat acclimatization
and appropriate progression in exercise intensity are critical
factors in mitigating risk for all WA. In particular, repeated
high-intensity, timed exercise bouts with limited recovery
should be avoided during the first 1 to 2 wk of conditioning
for WA.
In military recruits, ECAST is most commonly observed
during 1- to 2-mile timed runs. Recruits at highest risk are
those who have repeatedly had difficulty passing the PRT.
Runs conducted immediately after field training exercises
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ASH, representing more than 14,000 physicians and researchers in SCD and other blood disorders, also opposes
SCT testing or disclosure of status as a prerequisite for
athletic participation. ASH believes such screening cannot
be justified on the basis of current scientific evidence (38)
but strongly supports the implementation of universal
guidelines to reduce exertion-related injuries and deaths.
ASH policy also soundly encourages additional biomedical
and population-based research on SCT and its relationship
to adverse health events.
The NCAA athlete with SCT. In 1975, the NCAA
published its first medical opinion on athletes with SCT
participating in intense exercise. They noted that SCT was
not a barrier to achieving the highest levels of athletic
performance, and most athletes with SCT would complete
their careers without any complications. However, medical
concerns were voiced, particularly related to high-intensity
exertion at altitude and when athletes with SCT are not
appropriately conditioned for demanding physical activities, which is risky for all athletes.
The NCAA has recently revised these guidelines for SCT
and currently recommends that all athletic departments within
its three federated divisions confirm SCT status in all student
athletes either from their newborn screening or from diagnostic medical testing during their preparticipation medical
examinations. Beginning in 2010 for Division I and 2012 for
Division II, SCT status confirmation is required of all student
athletes when they begin their initial seasons of eligibility
and when trying out for teams. Any student athlete may opt
out of the diagnostic verification by signing a written release.
If SCT is confirmed, the affected student athlete is offered
counseling on the implications, including health, athletics,
and family planning. In addition to SCT guidelines, the
NCAA has guidelines in their Sports Medicine Handbook
on emergency care, heat illness prevention, and preseason
preparation. The NCAA believes that knowing SCT status
provides one more layer of protection and creates the best
environment for student athlete safety through prevention,
personal care, and medical intervention.
The warfighter with SCT. The issue of SCT testing
within the military has a long history. In the 1970s, the DoD,
with help from the National Academy of Sciences National
Research Council, revised the guidelines for recruits with various types of sickle cell conditions. This culminated in a 1973
Ad Hoc Committee on S-hemoglobinopathies (11,25,95),
which provided recommendations implemented by all military services. Previous restrictions on diving, high-altitude
parachuting, and admittance into the Special Forces remained
intact (11), but incoming recruits with SCT would now be
accepted for military flight duties, except for assignment as
pilots or copilots (11,95).
In 1981, the DoD mandated all three services to permit
SCT carriers with HbS e41%, as determined by electrophoresis, to perform all previously restricted duties (95). This directive was abruptly ended in 1985 by a DoD policy change
to discontinue all occupational restrictions on individuals
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during summer and fall months appear to be especially high
risk if no or insufficient rest time is allowed between such
events. When conducting PRTs, military leaders should ensure that recruits are well hydrated and sufficiently rested,
preferably coming from a shaded or indoor cooled environment. In addition, a minimum of 48 h should elapse between
strenuous field training and PRT.
Contemporary prevention strategies also consider the risk
of cumulative heat strain from high levels of exertion and heat
exposure, which may occur during the 72 h preceding a
training event (96). Thermally challenging (hot and/or humid)
exposures, with minimal opportunities for ‘‘heat dumping’’
(exposure to air conditioning, cool showers, rest in shaded

areas, and removal of heavy protective equipment/uniform
layers), alone or in combination with other contributing risk
factors, such as prior/current illness, insufficient sleep, medications, dietary supplements, and lack of acclimation, and
physical conditioning, can measurably exacerbate thermal
strain and EHI risk in all WA.
Emergent management of WA with ECAST. No
evidence-based guidelines for managing an ECAST event are
currently available. However, contemporary best practice for
WA with suspected ECAST should follow a ‘‘chain of survival’’ and prompt execution of an effective emergency action
plan emphasizing rapid recognition and early interventions as
outlined in Figure 1.

FIGURE 1—Recommendations for treating ECAST events in WA: chain of survival.
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TABLE 3. ECAST RTDP guidelines.

RDTP, return to duty/return to play.

Critical to managing an ECAST event is communication with the receiving emergency department. The receiving
facility must be made aware of the differential diagnosis and
possibility of ECAST with accompanying explosive ER.
Interventions in the emergency department include aggressive
fluid and electrolyte management, blood gas monitoring to
rule out metabolic acidosis, cardiac monitoring, and possibly
dialysis to control hyperkalemia. Patients with severe ECAST
may develop hyperkalemia and lethal cardiac arrhythmias
within minutes to hours of syndrome onset (8,31). Any treatment to avert these outcomes should be instituted.
Return-to-play considerations in WA with ECAST.
No evidence-based guidelines are available for RTDP after an
episode of ECAST. Importantly, RTDP should only be considered once WAs are asymptomatic at rest and have normal
end-organ function, as measured by conventional biomarkers
(Table 3). Treating clinicians should obtain detailed histories
and physicals on WA to identify comorbidities and other
environmental/family-related risk factors. Graded RTDP
programs/schedules with close supervision are recommended,
despite limited supporting evidence. WA should be educated
about physical activity and the risk of ECAST, with particular
attention to hydration, heat, and exercise intensity. As noted
earlier, physiological responses thought to increase the risk of
ECAST can be lessened if WA remain hydrated (8,90); accordingly, the importance of hydration must be emphasized.
Persons with SCT may require more fluid to remain in a
euhydrated state than WA without SCT, based on a potential
reduced ability to concentrate urine (26). Table 4 outlines
current recommendations used at the University of Oklahoma
to mitigate ECAST risk.
The WA with a history of ECAST should be made aware
that altitude, illness, and dietary supplements are also potential contributing risk factors for ECAST. WA should be

given sufficient time to acclimatize to altitude, modification
of duty/activity should be considered when WA are or were
recently ill, and all nutraceuticals/dietary supplements should
be carefully reviewed, as many contain stimulants and sympathomimetics that can increase metabolic heat load (34).
Continued activity and intensity beyond when an individual
would normally stop or moderate should be discouraged (35).
Importantly, similar precautions should be followed in WA
without SCT.
Although most WA with a history of ECAST should be
able to RTDP and operate effectively without restrictions,
occasionally, an ECAST event may result in significant complications or recurrence. In these cases, genetic testing for
potential associated abnormalities and consultation with a hematologist familiar with SCT and exercise are recommended.

RESEARCH PRIORITIES
Some knowledge gaps have been identified throughout this
review. Accordingly, Table 5 presents an overview of types
of research and respective study considerations. Given the
low rate of fatal ECAST cases, an event should be declared
sentinel and investigated to consider other factors discussed
in this review. Public health surveillance of ECAST events
will be critical in identifying potential cases; these could then
be studied for similarities and possible causes. Unfortunately,
rigorous clinical studies are lacking, expensive, and difficult
to carry out. For example, designing a study to evaluate the
risk of exercise intensity involves ethical risks as well, if intensity is indeed a primary contributing factor. Likewise, studies in the heat are potentially risky if SCT is indeed associated
with heat intolerance and clinical risk. However, many questions and contributing factors can be addressed to determine
the relative contribution of SCT to ECAST events. Combining retrospective and prospective epidemiological data from
ECAST events with ongoing clinical research will most likely
provide new information to bridge critical knowledge gaps.

CONCLUSION
The summit and expert panel established recommendations regarding exercise and SCT that can be implemented to

TABLE 4. Strategies for mitigating risk in WA.
 Encourage WA to participate in strength and conditioning programs consistent with their individual needs and abilities, before enlistment and/or beginning/returning to sport
activity. Emphasize importance of year-round periodized conditioning.
 Use gradual training progressions and program longer periods of rest and recovery between repetitive sprints/drills, especially during preseason/basic training and after periods of
extended rest and/or illness/injury.
 Focus initial basic training and preseason conditioning on the progressive establishment of an aerobic fitness base and environmental (heat or altitude) acclimatization.
 Avoid timed runs, repeated intervals, or preseason conditioning tests early in the training cycle and/or immediately after field/sport training exercises. A minimum of 48 h should
elapse between field training and fitness testing.
 Decrease total volume of activity and adjust work/rest intervals during hot and/or humid conditions.
 Stop activity immediately with onset of symptoms (i.e., muscle pain and/or cramping, swelling, weakness, tenderness, breathlessness, and fatigue).
 Encourage WA to report any symptoms immediately to appropriate medical and/or leadership personnel.
 Provide and promote consumption of readily accessible fluids at regular intervals before, during, and after activity.
 Monitor WAs who are new to altitude; adjust activity accordingly.
 Prohibit/adjust activity if WAs are currently or were recently ill.
 Educate WA with SCT on conditions (i.e., heat stress, altitude, dehydration, illness, dietary supplements, medications) that increase their risk for ECAST.
 Ensure that personnel and facilities for treating heat illness are readily available on site and that a proper emergency action plan has been developed and rehearsed before the
occurrence of an ECAST event.
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 WA must be asymptomatic at rest and have normal end-organ function.
 Full medical history and physical examination before RDTP, with specific
emphasis on identifying the presence of comorbidities, use of drugs and/or
supplements, and both family and environmental risk factors.
 Graded RTDP under close supervision by medical personnel.
 Educate WA on the importance of proper hydration and possibility of subsequent
ECAST events with high heat stress and exercise intensity.

TABLE 5. Research categories and considerations.

CLINICAL SCIENCES

Epidemiological
Prospective studies on large cohorts of
collegiate athletes and military
basic training recruits to compile
careful protocol-driven records,
to include the following:
 Prior medical histories and physical
examination records.
 Screening data for hematologic, genetic,
cardiac, and metabolic risk factors.
 Training or conditioning routines
 Weather data and climate trends
 Collateral information on any
drug/dietary supplement use.

 Clinical events associated with ECAST,
including both laboratory and
clinical outcomes.
 When appropriate, postmortem examinations.

Preventive Health

Clinical Research

Assess the efficacy of current risk
mitigation strategies (i.e., hydration,
heat, and exercise intensity) used
in collegiate athletics and/or
the military.

Conduct DNA testing on all ED/EDU to clearly
identify ethnicity, full screening of Hb genes,
and other genetic abnormalities, initially
focusing on the following:
 Cardiac channelopathies.

Assess risks and benefits of
service-specific and NCAA’s SCT
screening programs, as they pertain
to the following:
 Outcome (# ECAST events).

 Program cost-effectiveness.

 Potential discriminatory
implications and effects.

 Ryanodine receptor variants,
hemorheology abnormalities.
 ICAM and VCAM blood viscosity.
 RBC deformability
Conduct testing to quantify percentage
HbS in blood samples from
all ECAST events.
Conduct muscle biopsy and cardiac
tissue sampling on all fatal ECAST events.
Conduct studies to assess various alterations
in training methods/routines to assess
associated risks.
Conduct clinical trials of interventions
to reduce/eliminate risks.

ED, exercise-related death; EDU, exertional deaths unexplained; ICAM, intracellular adhesion molecule; VCAM, vascular cell adhesion molecule.

improve the health of all—not just those with SCT. Further
research is needed before conclusions can be drawn regarding the etiology of the increased death rate observed in WA
with SCT, and the possibility exists that SCT is a surrogate for
as yet another contributing factor for the unexplained deaths.
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