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INTRODUCTION 
 

 
  

 L’ultra-endurance et particulièrement l’ultra-trail est en pleine expansion ces dernières 

années. En France, en moins de 10 ans le nombre d’adeptes est passé de 40 000 à plus de 

900 000 (1,2). Un tel engouement entraîne une multiplication des événements avec plus de 3500 

trails en 2019 en France (2). Mathématiquement, cette inflation du nombre de courses entraîne 

une augmentation de la prévalence des complications.  

 Le développement de l’ultra-trail ces dernières années s’est accompagné d’une 

multiplication des publications scientifiques permettant une standardisation des définitions. Le 

trail, qui signifie sentier en anglais, est une compétition pédestre ouverte à tous, dans 

un environnement naturel, avec le minimum possible de routes cimentées ou goudronnées (20% 

maximum). Les parcours sont de distances variables, souvent au-delà de 100 km pour les ultra-

trails. Même si les définitions utilisées par les fédérations encadrant ces événements ne sont pas 

tout à fait les mêmes que celles retenues dans la littérature scientifique, on retiendra qu’un ultra-

trail (« ultra-marathon ») correspond à un effort de plus de 6 heures et/ou de plus de 42,195 Km 

(3). 

  Montagne, forêt, campagne, désert, ces courses d’endurance se pratiquent sur tous les 

terrains incluant très souvent du dénivelé exprimé par un cumul du dénivelé positif. En trail, la 

distance n’est donc pas la seule valeur qui compte. La particularité du terrain, la météo mais 

également le rapport entre distance et dénivelé concourent à la difficulté de la course. 

 Ces courses d’ultra-endurance extrêmes, de par leurs durées et leurs intensités, incitent 

les coureurs à repousser leurs limites et nous amènent à nous poser la question du caractère 

physiologique ou extra-physiologique de ce type d’effort. Autrement dit, l’ultra-endurance doit-

elle être considérée comme une activité physiologique ou pathologique ? 

 



  L’homme est-il fait pour courir ? 

 Pour répondre à cette question il est tout d’abord nécessaire de savoir si l’anatomie et la 

physiologie humaine sont adaptées à la course à pied. Pour Lieberman, le genre hominidae a 

acquis la capacité de courir il y a 2 millions d’années (Homo Erectus). L’évolution a 

progressivement modelé le genre Homo pour aboutir avec Homo sapiens à une espèce 

parfaitement adaptée à la course à pied (4). En effet, associé à ses propriétés biomécaniques 

exceptionnelles, l’homme est également capable de transpirer, ce qui lui confère une capacité 

particulière dans l’espèce animale pour évacuer la chaleur. Cette caractéristique peu répandue 

chez les mammifères (seul le dromadaire, le cheval et l’homme sont capables de transpirer) lui 

a donné un avantage notoire sur les autres espèces et ont fait de lui un excellent chasseur (5). 

Ainsi, avec un organisme taillé pour la course et une thermorégulation performante Homo 

sapiens a acquis la capacité de courir sur de longues distances derrières ses proies. En 

privilégiant les heures chaudes de la journée, l’homme est capable d’épuiser les animaux qui, 

ne pouvant pas éliminer la chaleur, meurent d’hyperthermie. Ce type de chasse porte le nom de 

« chasse à l’épuisement » et a probablement participé à l’installation d’Homo sapiens au 

sommet du règne animal. Au décours de ces 2 millions d’années, l’évolution a donc donné à 

l’homme moderne les meilleures capacités d’endurance de tous les mammifères et ceci dans 

toutes les conditions météorologiques, y compris les plus chaudes (6). Ainsi, sur un marathon, 

aucune autre espèce ne peut concurrencer l’homme moderne qui peut soutenir une vitesse 

moyenne de 5,6 m/s contre 5,2 m/s pour une antilope (5).   

  Quelles sont les limites de l’ultra-endurance ? 

 Ces compétences acquises par l’homme moderne au cours du temps pour courir sur de 

longues distances comme le marathon ne suffisent pas pour affirmer que la physiologie humaine 

est adaptée à des courses de très longues distances (>100 km) comme celles proposées 

actuellement par de nombreuses organisations. Pour essayer de répondre à cette question, 



Noakes a essayé de déterminer les limites de l’endurance humaine (5). Il conclut que les limites 

physiologiques de l’endurance humaine sont difficiles à définir et que plus que des limitations 

physiologiques ce sont les limites mentales qui vont être déterminantes. Ces mécanismes 

d’autoprotection centraux (conscients et inconscients) ont été modélisés par Millet et al. à 

travers le modèle de la « chasse d’eau » (7). Contrairement à des animaux qui vont courir 

jusqu’à l’épuisement potentiellement mortel, chez l’homme, une fatigue centrale va s’installer 

au décours d’un effort d’ultra-endurance conduisant à une limitation de l’effort constituant un 

système d’auto-protection. Autrement dit, lors d’un effort long, la chaine de commande neuro-

musculaire va perdre en efficacité (fatigue centrale) et va diminuer les contraintes 

physiologiques sur l’organisme. L’accumulation de cette fatigue centrale associées aux 

contraintes liées aux efforts d’ultra-endurance (douleurs articulaires, douleurs tendineuses, 

inconfort digestif…) vont entraîner un effet de saturation qui vont conduire l’athlète à 

l’abandon. Fruit de l’évolution, ce système d’autoprotection va permettre au coureur de ne pas 

dépasser ses capacités physiologiques et va ainsi limiter les complications graves de l’ultra-

endurance. Bien évidemment, ces mécanismes sont le fruit de milliers d’années d’évolution et 

la désadaptation à l’effort apparue depuis l’avènement du moteur à explosion (5) 

(sédentarisation de l’homme moderne) ainsi que l’utilisation de médicaments au décours de ces 

épreuves peuvent perturber ce système d’autoprotection et participer à la genèse d’effets 

secondaires potentiellement dramatiques.  

Incidence des complications 

 Même si l’incidence des complications qui nécessitent une prise en charge hospitalière 

semble relativement faible (inférieure à 1% du nombre de coureurs), le nombre de sollicitations 

des services de secours pendant la course peut être 5 à 30 fois plus élevé. En 2009, une étude 

descriptive réalisée par Blondel et al. avait retrouvé sur l’UTMB (170km / +10000m), 482 

consultations sur 2495 coureurs. Ces données ont été actualisées par la société DOKEVER qui 



coordonne la médicalisation de l’UTMB et de nombreuses autres courses grâce à son logiciel 

LOGICOSS. Ils ont décrit 1000 interventions pendant les 2 courses phares de l’UTMB 2018 

(UTMB - 170km / +10000m et CCC - 101km / + 6000m) qui réunissaient 3500 coureurs. Sur 

ces 1000 interventions, une vingtaine ont donné lieu à un transfert aux urgences, soit 0,5% des 

inscrits. En 2013 un travail a été réalisé à la Réunion pendant le Grand Raid qui regroupe 3 

courses d’ultra-trail et près de 5000 coureurs (8). L’ensemble des entrées aux urgences entre le 

début de la première course et la fin de la dernière ont été analysées. 51 patients (1%) ont 

consulté aux urgences pendant cette période et 10 ont été hospitalisés (0,2%).  

 Même si les méthodologies de recueil des consultations per-course sont différentes 

(patients adressés par le service de secours versus tous les patients venant consulter aux 

urgences (adressés par les secours + consultations spontanées), on peut retenir que sur 

l’ensemble des sollicitations des services de secours qui peut représenter jusqu’à 30% des 

coureurs, moins de 1% des participants ont recours à une consultation aux urgences pendant la 

course et moins de 0,5% sont hospitalisés à l’issue de leur passage aux urgences. 

 Parmi ces hospitalisations, on retrouve une minorité de patients qui présente des 

complications graves pouvant engager le pronostic vital. On peut d’ores et déjà souligner le fait 

que ces complications graves ne surviennent pas toujours pendant la course mais dans les jours 

qui suivent, ce qui complique un peu plus le recensement des conséquences médicales de 

l’ultra-endurance.  

 

Pathologies rencontrées pendant les courses 

Pathologies mineures  

Ce sont les pathologies de l’appareil locomoteur qui représentent la très grande majorité 

des motifs de consultations pendant la course. La plupart consultent pour des problèmes 

ostéoarticulaires (tendinites, contractures…) ou cutanés (ampoules, échauffements, brûlures…) 



(9). Concernant ces problèmes de l’appareil locomoteur, il faut probablement considérer le 

coureur d’ultra-trail comme un patient porteur de pathologies ostéoarticulaires et musculaires 

chroniques (10,11) dont l’intensité des symptômes va dépendre de la charge d’entraînement et 

de la longueur de la course. 

 L’autre grand pourvoyeur de pathologies mineures est le tube digestif. Entre 40 et 60% 

des coureurs présentent des troubles digestifs (diarrhées, nausées, vomissements, reflux gastro-

œsophagiens, douleurs abdominales…) lors d’un ultra-trail (3,10). Ces derniers, constituent la 

première cause d’abandon (12).  

 Ces troubles digestifs sont le reflet d’une ischémie intestinale liée à une réduction du 

débit splanchnique pouvant atteindre 80% à l’effort (13). Cette ischémie digestive est 

responsable d’une augmentation de la perméabilité du tractus intestinal et participe à la genèse 

du syndrome inflammatoire systémique qui fait le lit des complications graves de l’ultra-

endurance (14).  

 Même si la majorité des pathologies mineures pourront être traitées sans stopper la 

course, il est indispensable de limiter toute prise médicamenteuse (y compris antalgique de 

palier 1). En effet, ces médicaments diminuent artificiellement les signaux d’alerte dont 

l’organisme a besoin pour se réguler et éviter d’aller au-delà de ses limites. Dépasser ces limites 

constitue probablement le terreau des complications graves.      

Pathologies graves  

 Comme nous l’avons déjà mentionné la plus grande difficulté dans la prise en charge de 

ces pathologies graves réside dans le fait qu’elles peuvent survenir plusieurs jours après une 

épreuve d’ultra-endurance. 

 Ces pathologies graves sont : 

- Hyperthermie maligne d’effort : On ne retiendra l’absolue nécessité de contrôler la 

température corporelle de chaque coureur présentant des signes de gravités neurologiques, 



hémodynamiques ou respiratoire. Le diagnostic précoce et donc la mise en place rapide du 

refroidissement conditionnent le pronostic. 

- Rhabdomyolyse et insuffisance rénale aigue : Cause ou conséquence (?), la 

rhabdomyolyse est très variable d’un patient à l’autre et il est fréquent d’avoir des taux de 

CPK>10 000 après un ultra-trail sans aucune conséquence. Elle participe à la souffrance 

rénale. Sa survenue est suspectée cliniquement sur la couleur des urines et sa prise en charge 

repose principalement sur un remplissage vasculaire. Lorsqu’une insuffisance rénale 

s’installe une dialyse peut être nécessaire (15). Contrairement aux idées reçues, l’IRA n’est 

pas une simple conséquence de la rhabdomyolyse. Comme dans d’autres situations 

cliniques (sepsis, circulation extracorporelle), l’inflammation systémique a un rôle majeur 

dans l’apparition d’une insuffisance rénale. Cette IRA potentiellement grave met 

classiquement plusieurs jours à s’installer et peut donc apparaître bien après la fin de la 

course. 

- Hyponatrémie : Elle est plus la conséquence d’un SIADH que d’un problème de gestion 

de l’hydratation et/ou de compensation de la perte de sel dans la sueur.  Ainsi, ce SIADH 

est lié à l’effet « ADH like » des IL-6. La sécrétion d’IL-6 est quant à elle la conséquence 

du syndrome inflammatoire et de la souffrance musculaire. (16) 

 

 Ces complications graves étant rares et méconnues avec très peu de données dans la 

littérature scientifique, nous avons décidé de constituer une cohorte rétrospective. L’objectif de 

ce travail est de décrire la présentation clinique de ces complications pour aider les réanimateurs 

dans la prise en charge de ces patients. En effet, l’engouement pour ce type de course et 

l’inflation du nombre de pratiquants devraient inéluctablement entrainer une augmentation du 

nombre de patients consultant pour ce type de pathologie dans nos services. 
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ABSTRACT 

 

Purpose 
 
The practice of extreme endurance sports is increasing. While ultramarathon races were ran 

only by a small number of experienced runners in the 1990s, they are now attracting a wide 

number of runners from all levels. The lack of optimal training combined with the growing 

difficulty of the races may increase the risk of severe adverse events so that emergency 

physicians and intensivists must know the possible physiological consequences and the 

pathologies induced by this extreme load and stress.  

The aim of the present study was to investigate and describe severe pathological conditions 

induced by an ultra-marathon by a case series of runners hospitalized in intensive care units 

after a race. 

Design 

Multicenter retrospective descriptive study.  

Patients  

Ultra-runners hospitalized in intensive care units (ICUs) or dialyzed following an ultra-

marathon race. 

Methods  

A recruitment by word of mouth was performed with promotion of the study published via 

French specialized running magazines and social networks in February 2019. All intensive care 

units listed in the contact list of the French Society of Intensive Care (SRLF) were contacted 

by email. 

Results 

A total of 21 patients (19 men), i.e. 13 patients who finished the race and 8 who did not, were 

included. Patients were hospitalized between race day and up to 9 days after the race (Median: 



1 day). The median ICUs and hospital durations were 2 and 9 days, respectively. Four distinct 

pathologies could be identified: acute kidney injury (AKI) (n=16), severe hyponatremia (n=2, 

both presenting seizures after the race), malignant hyperthermia (n=2, one rapidly developing 

multiorgan failure and having a super emergency liver transplant) and perforated gastric ulcer 

(n=1). Out of the 16 AKI, 13 (81%) required extra renal purification among whom 9 (50%) 

declared having taken treatment with NSAIDs before, during or after the race. No patient 

required long term dialysis support. Fourteen patients (74%) reported digestive signs including 

anorexia, abdominal pain, nausea or vomiting and the same number reported urinary symptoms 

with oliguria, anuria, haematuria or porto colored urine. Nine patients (47%) had neurological 

signs including disturbed vigilance, altered consciousness or convulsions.  

Conclusion 

Despite the extreme nature of ultra-endurance, the prevalence of severe complications leading 

to hospitalization in intensive care remains low. These complications have a non-specific 

clinical presentation with very common symptoms and their timing of onset is variable. Medical 

support in ultra-marathon must be aware of these four dangerous complications and not neglect 

them. 

 

Key words: Ultra-marathon, Intensive Care, Rhabdomyolysis, Acute Kidney Injury, 

Malignant hyperthermia, Severe hyponatremia, Perforated gastric ulcer 

 

 

 

 

 

 

 



1. Introduction 

 An ultra-marathon is defined by any running event where the running distance is longer 

than the traditional length of a marathon of 42.195 km. It can also be defined as a running 

competition lasting over 6 hours, including a high variety of different course profiles. (1). The 

practice of extreme endurance sports is increasing, particularly from the beginning of the 21st 

century (2). While ultramarathon races were ran only by a small number of experienced runners 

in the 1990s, they are now attracting a wide number of runners from all levels. The number of 

participants in events over a distance greater than the marathon in the world increased from 34 

400 in 1996 to 70 000 in 2011 (3) to 611 100 in 2018.* Surprisingly, running performance has 

not improved over all these years (4). This suggests that more “recreational” runners nowadays 

participate, which may question whether these ‘new’ runners are optimally prepared for these 

extreme events. This is particularly critical since new races with increased difficulty (distances 

and elevations up to 450 km and 32 000 m of positive elevation), sometimes performed under 

extreme weather conditions, have been recently launched. The lack of optimal training 

combined with the growing difficulty may increase the risk of severe adverse event so that 

emergency physicians and intensivists must know the possible physiological consequences and 

the pathologies induced by this extreme load and stress (5).  

 Indeed, ultramarathon running represents a major physical challenge and affects 

physiological responses with fluid and electrolyte disturbances, hemolysis and skeletal muscle 

damage, decline in hepatic function and kidney injury. (6) These changes depend on the 

intensity and duration of the effort and usually normalize after the race (7). The most common 

symptoms associated with strenuous exercise: digestive disorders (8), muscle cramps (9), and 

fatigue (10) are benign and transient.  Musculoskeletal injuries occur frequently with ankle and 

knee involvement, manifested as Achilles tendonisis or femoropatellar syndrome. (11) Up to 



80% of runners suffer from digestive problems such as nausea or gastrointestinal disorders, 

which represent the first cause of not finishing the race. (12)(13)(14) 

 Pathologies requiring hospitalisation for medical treatment after the race are rare, 

representing 0.2% to 0.4% of ultra-trail runners. Among these pathologies, three specific 

conditions may lead the ultra-trailer to an intensive care unit (ICU): malignant hyperthermia, 

rhabdomyolysis and hyponatremia. (15) 

 To the best of our knowledge, no studies have examined severe complications following 

ultra-trail running events. Publications on the subject include several case reports (16)(17), and 

articles related to running physiology and performance, mainly in the United States.   

 The aim of the present study was to investigate and describe severe pathological 

conditions induced by an ultra-marathon by a case series of runners hospitalized in intensive 

care unit after a race. Results will provide guidance to prevent and manage these severe 

complications due to ultramarathon. 

 

2. Material and Methods 

 This is a multicenter retrospective descriptive study. Inclusion criteria were runners 

hospitalized in intensive care units or dialyzed following an ultra-marathon race defined as a 

race longer than 42,195 km or 6 hours of effort for the winner. Other ultra-endurance sports 

such as triathlon, cycling, swimming were excluded in order to obtain a homogenous population 

focusing on the most popular ultra-endurance activity. Trauma injuries or accidents were 

excluded to only focus on medical complications. 

 The pathologies studied being rare and occurring up to several days after the race and 

therefore being possibly not known by the race organizers, we conducted a recruitment by word 

of mouth. The promotion of the study was published via French specialized running magazines 



and social networks in February 2019. All intensive care units listed in the contact list of the 

French Society of Intensive Care (SRLF) were contacted by email. 

 All patients have consented to the study. An information notice about the study was sent 

by email. Data was collected after consent by consulting the medical file in the various medical 

departments where the runners were hospitalized and collated in an anonymized database. 

Ethical approval was granted by the Ethics committee of CHU Saint Etienne in November 2018, 

IRBN922018/CHUSTE. 

 For each patient, a phone interview provided information on the ultra-trail experience, 

the number of km and total elevation done during the race, the duration of the effort, whether 

they finished the race or not, clinical signs per-and post-race, the use of non-steroid anti-

inflammatory drugs (NSAIDs), the reason for emergency consultation and the delay in hospital 

admission after the end of the race. From the medical records were collected demographic data 

(sex, age), body mass and height (allowing to calculate body mass index, BMI), medical history 

and medications when at ICU, clinical data on the admission (IGS2, urinary signs, convulsions), 

laboratory data in the first 48 hours of hospitalization (blood ionogram, CPK, myoglobinemia, 

LDH, CRP, uricemia, lactatemia, blood count, complete liver test), management by extra-renal 

purification (start-up time, number of sessions, need for post-resuscitation dialysis and need for 

dialysis after 3 weeks of treatment), ICU stay duration and total duration of hospitalization.  

 Qualitative variables were expressed in absolute numbers and percentages of the number 

of subjects. Quantitative variables were described using medians and interquartile range. The 

data were analysed by Excel Microsoft software version 16.16.14.  

 

3. Results 

 A total of 22 patients have been identified as meeting the inclusion criteria. One patient 

declined to participate so 21 patients were enrolled in the study. The inclusion centers were: 



Saint-Etienne University Hospital (n=1), Roanne Hospital (n=1), Montbrison Hospital (n=1), 

Chambery Hospital (n=1), Sallanches Hospital (n=4), Valence Hospital (n=1), Avranches 

Hospital (n=1), Angers University Hospital (n=1), Bayonne Hospital (n=1), Argenteuil 

Hospital (n=1), Pitié Salpétrière Hospital (n=1), Nimes University Hospital (n=1), Réunion 

University Hospital (n=2), Corsica - Bastia and Ajaccio Hospital (n=1), Cabestany Hospital 

(n=2). 

 The 21 patients were included in 17 different races with an average number of 

participants of 5800 runners per race. 

 

Runners and races characteristics 

 The main characteristics of the participants are described in Table 1.  

Table 1. Runners and races characteristics (n=21)  
 

Runners characteristics  
Men / women 19 (90.5%) / 2 (9.5%) 
Age (yr) 43 (36-51) 
BMI (kg/m2) 23 (22-24) 
IGS2 42 (38-47) 
Usage of NSAIDs 9 (47.4%) 
Trail experience (# of ultramarathons) 9.5 (2.3-17.5) 
Race (or section of the race) 
characteristics  

Km travelled 150 (93-170) 
Positive elevation (m) 9050 (4,850-10,000) 
Duration of effort (h) 33 (19.1-42) 
Non-finisher / Finisher 8 (42%) / 13 (58%) 
Clinical symptoms  
Digestive signs* 14 (73.7%) 
Urinary signs** 14 (73.7%) 
Neurologic signs*** 9 (47.4%) 
Reason for consultation  
Digestive signs 9 (47.4%) 
Urinary signs  5 (23.8%) 
Neurologic signs 4 (19%) 



Asthenia 3 (14.3%) 
Data are numbers of participants (% of total number) or medians (IQR)  
BMI: body mass index, NSAIDs: non-steroid anti-inflammatory drugs.  
*Digestive signs included anorexia, abdominal pain, nausea or vomiting 
**Urinary symptoms included oliguria, anuria, hematuria or porto colored urine.  
***Neurological signs included disturbed vigilance, altered consciousness or seizures. 
  

 One patient had a significant medical history with a stented myocardial infarction and 

was taking long-term treatment (antiplatelet therapy, statin and anti-hypertensive converting 

enzyme inhibitor). Two patients had a surgical history (nephrostomy on renal colic with 

preserved renal function and orchiectomy on testicular neoplasia in remission). 

 

Medical support 

 Patients were hospitalized with a delay ranging from the day of the race up to 9 days 

after the race (Median 1 (0.75-3) day) (Figure 1). The median length of hospital stay in a critical 

care unit was 2 (0-5) days. The median total hospital stay (critical care and conventional 

hospitalization) was 9 (6-13.5) days. 

 

 



 
Figure 1. Delays for admission in intensive care unit (in days after the race day, n=21). 
 
 
 
Pathologies  

Four distinct pathologies could be identified from the 21 patients included: rhabdomyolysis 

with acute kidney injury (AKI) (n=16), severe hyponatremia (n=2), malignant hyperthermia 

(n=2) and perforated gastric ulcer (n=1).  

The runners’ biological values at hospital admission are summarized in Table 2.  

 

Table 2. Runners biological values at hospital admission (n=21) 

 Acute kidney injury 
(n=16) 

Severe 
hyponatremia 

(n=2) 

Malignant 
hyperthermia 

(n=2) 

Perforated 
gastric ulcer 

(n=1) 
Ionogram     
Sodium (mmol/L) 129.5 (128-136) 115.5 140 136 
Potassium (mmol/L) 5.5 (4.8-6.4) 3.7 4.2 4.6 
Chloride (mmol/L) 90 (86.5-96) 87 101 95 
Urea (mmol/L) 46.5 (31.5-51.5) 4* 12.5 8 
Creatinine (μmol/L) 698 (443.8-775.3) 75* 207.5 77 
Bicarbonates- (mmol/L) 18 (14-21) 23.5 17.5 21 
Protein (g/L) 60 (53.5-64.3) 56.5 79 67 
Calcium (mmol/L) 1.4 (1.2-1.7) 2* 2.5 2.5 
Phosphorus (mmol/L) 2.9 (2.6-3.4) 0,9* 1.3 - 
Magnesium (mmol/L) 1.3 (1.3-1.4) 0,6* 1 - 

CPK (U/L) 72 670  
(45 903-115 598) 34 864 16 335 - 

Myoglobin (μg/L) 14 090 (6 286-20 465) - 8 308 - 
LDH (U/L) 3 900 (2,421-4 882) 801 - - 
Uric Acid (μmol/L) 606 (592-666) - - - 
CRP (mg/L) 46 (28.8-64.8) - - - 
Complete blood count    
White Blood Cells  
(*103/ μL) 11.3 (10.3-13.7) 14.4 18.6 20.4 

Red Blood Cells  
(*106/ μL) 4.4 (4.1-4.6) 4.1 5.2 5.2 

Haemoglobin (g/dL) 12.6 (11.8-13.5) 11.7 15.8 16.3 
Haematocrit (%) 38 (35-40.5) 35 46 - 
Platelets (*103/ μL) 138 (129-163) 150 126 554 



Lymphocytes  
(*103/ μL) 0.65 (0.56-0.85) 1.2 2.2 0.8 

Neutrophils (*103/ μL) 9.9 (8.5-14.5) 13.3 14.4 18.2 
Liver function test     
AST (U/L) 2,183 (1,366-2,823) 372 4536 37 
ALT (U/L) 748 (603-815) 102 4835 97 
Alkaline Phosphatase 
(U/L) 51 (41-61) 41 81 55 

GGT (U/L) 28 (21-63) 14 29 65 
Total bilirubin (mg/dL) 11 (7.5-14.5) 14 89 12 
Lipase (U/L) 108 (93-205) 40 2695 - 

Data are expressed as median (IQR) values. 
*Missing data for 1 patient (n=2), no median established. 
 
 
Acute kidney injury and rhabdomyolysis 

 Sixteen patients were hospitalized in intensive care unit for AKI. All patients had been 

referred by the family physician (4/16, 25%) or an emergency department (12/16, 75%) with 

the following symptoms: intense asthenia (3/16, 18.7%), digestive symptoms (8/16, 50%), or 

urinary symptoms (5/16, 31.2%). 2 patients (2/16, 12.5%) reported haematuria during the race 

and 4/16 (25%) reported porto colored urine. The day at ICU admission, 13/16 patients (81.2%) 

presented urinary signs: 7 were oliguric and 6 presented anuria. Eight patients (50%) reported 

having taken NSAIDs before or during their race. 

 Thirteen patients (81%) required extra renal purification. The median time between the 

end of the race and the start of dialysis was 3.5 (2.75-4.25) days. The median time between 

arrival in hospital and the start of dialysis was 0 (0-1). A median of 5 (2.5-8) dialysis sessions 

were necessary. No patient required long term dialysis support. Longest delay between race and 

last dialysis was 21 days, totalizing 10 intermittent dialysis sessions. 

 Three patients (19%) were monitored for significant rhabdomyolysis with AKI KDIGO 

stage 1 (1 patient) and stage 2 (2 patients) with regression of the AKI following rehydration, 

without dialysis support. 

 



Severe hyponatremia 

 Two patients were hospitalized in ICU for severe hyponatremia. Both were treated 

urgently for seizures after the race (3 and 4 hours after race end). The sodium serum levels at 

admission were 118 and 113 mmol/L. One patient required mechanical ventilation for a period 

of 4 days. Both patients were discharged at home after 6 days of hospitalization with full 

recovery without sequelae. 

 

Malignant hyperthermia 

 Two patients presented malignant exertional hyperthermia (Figure 3). Both patients 

were medicalized urgently on race location. One patient presented a generalized tonic-clonic 

crisis and the other patient a Glasgow 3 coma scale. First temperature taken at the start of 

medication on race location were 40.8 and 41.2 degrees Celsius. Both patients were intubated 

on site. 

 Patient #1 required 4 days of mechanical ventilation and presented a spontaneously 

resolving KDIGO 2 renal failure with vascular filling and an initial hepatic cytolysis. Patient 

#2 rapidly developed multiorgan failure, including a fulminant hepatic failure, requiring 

mechanical ventilation, hemodialysis, and inotropic support. He failed to improve with 

supportive measures and had a super emergency liver transplant. A second liver transplant was 

performed 15 days after the initial transplant in front of a rebound of hyperthermia complicated 

by an acute hepatic failure on the initial graft. In total, patient #2 was hospitalized for 61 days, 

including 48 days in intensive care, 21 days of mechanical ventilation, with 2 cardio-circulatory 

arrests. At 2 years post-transplant, the patient has stage 2 chronic renal failure, without any 

neurological sequelae. 



 
 

Figure 3. Hepatic cytolysis, hepatic dysfunction and coagulopathy, creatinemia and 
rhabdomyolysis for the two patients with malignant hyperthermia. 
 
 
Perforated gastric ulcer  

 This patient was hospitalized at day 9 after race, presenting a severe abdominal pain. 

Abdominal computed tomography scan showed a peritonitis on a perforated ulcer. The patient 

reported the consumption of NSAIDs during the race. A surgical laparoscopy was performed, 

confirming the diagnosis, and showing abundant intraperitoneal fluid and the presence of false 

membranes. A perforated ulcer on the anterior aspect of the first duodenum was sutured. The 

postoperative follow-up in intensive care unit was straight forward. Patient was discharged from 

hospital at day 9. 

 
 
 



4. Discussion 
 

 The main findings of the present study are that the symptomatology of severe 

complications is common and nonspecific (fatigue, abdominal pain, nausea) with patients 

consulting at a various timing from race end up to several days. Apart from exertional 

hyperthermia and severe hyponatremia making a noisy clinical picture on the day of the race, 

this "banal" clinical presentation at the distance of an ultra-marathon must challenge the 

clinician so as not to neglect a potentially severe or fatal pathology. 

 

Prevalence of severe pathologies 

  To our knowledge, this work is the first study that seeks to investigate severe 

complications induced by ultra-marathon with a case series of runners hospitalized in ICU after 

a race. No data from the literature provides information about the prevalence of these severe 

complications but only for the ‘minor’ complications.(18)(19) A study on the UTMB 2010 

reports 0.2% (5 runners out of 2500 participants) of medical complications requiring 

hospitalization. (15)  An other study carried out on the “Grand Raid, la Reunion” 2012 found 

fairly similar results with 10 hospitalizations out of 5 000 registered runners (i.e. 0.2%) 

including 3 in intensive care unit (i.e. 0.07%).** As part of this study, a prospective census for 

a prevalence survey was carried out in 2019 showing a hospitalization rate for runners on the 

UTMB 2019 of  0.1%. One patient was admitted in intensive care unit (i.e. approximately 

0.03% of runners). 

 Our results seem to highlight the extreme rarity of these complications, since only 21 

cases were reported to us among a large and methodical retrospective recruitment. The 21 

patients were included in 17 different races with an average number of participants of 5800 

runners per race, giving by extrapolation a prevalence of 0.02% of severe medical 

complications leading to ICU. 



 

Physiopathology  

 Participation in ultramarathons showed exponential growth through years 2000–2010, 

thereafter continuing to steady grow (2). Extreme duration exercises often combined with large 

accumulation of positive and negative elevation and sometimes difficult weather induce 

extreme mental and physical stress. The few case reports and physiological studies published 

on the subject describe serious complications based on complex physiological mechanisms 

induced by these extreme efforts. (20) 

 It is essential to note that the time of occurrence of serious events identified in the 

present study are extremely variable, ranging from immediate up to 1 to 9 days post-race (Figure 

1). Systemic inflammation is an important pathophysiological element in the development of 

many pathologies during ultra-endurance exercise and probably the common denominator of 

all serious complications and especially kidney consequences. This may explain the delay in 

the appearance of complications, as this inflammation does not stop immediately when exercise 

ceases. 

 Our results prove that AKI is not only related to dehydration (biological values at the 

admission were not concentrated, e.g. hemoglobin: 12.6 (11.8-13.5) g/dL, proteinemia: 60 

(53.5-64.3) g/L, hematocrit: 38% (35-40.5%) but is probably part of a systemic inflammatory 

response syndrome (SIRS). Similarly, exercise-associated hyponatremia is not the result of 

simple "self-drowning" but probably more of a syndrome of inappropriate anti-diuretic 

hormone secretion (SIADH) due to pro-inflammatory cytokines. (21) 

 Utilisation of self-medication by NSAIDs was found very high among our 21 patients 

subject to a serious complication (9/21, 44,7%), still similar (22) or even lower (23)(14) to the 

usage reported in the literature. It is obvious that the consumption of NSAIDs is an aggravating 



factor in all these pathologies by paradoxically increasing the inflammatory cascade (24) and 

their use should be strictly prohibited.  

 

Characteristics of the runners  

 It should also be noted that the serious complications reported in the present study 

occurred in experienced runners, at non-extreme ages. All runner profiles seem to be subject to 

these serious complications, in particular some whose experience and trail running background 

is very significant. 13/21 patients hospitalized for serious complications in intensive care 

finished their race, of which 3 finished in the top 100 of prestigious races. The characteristics 

of finisher or the performance therefore do not seem to be a sufficient criterion to predict the 

occurrence of a serious complication.  

 Note that only 2 women were included in our study. This proportion can be explained 

by the lower representation of the female gender among runners in this type of event. (25) 

 

Types of pathologies and associated symptoms 

 Our population confirms the presence of 4 major pathologies that can lead runners to 

intensive care: acute kidney injury, severe hyponatremia, malignant hyperthermia and digestive 

complications.  

 The clinical pictures collected by individual telephone interviews with each of the 

patients did not reveal any specific clinical signs. Among the 21 serious cases identified, it 

seemed impossible to draw conclusions as to a typical clinical presentation that should raise 

fears of the occurrence of a serious complication. As found in the literature, a large majority of 

patients presented digestive disorders and nausea is the leading cause of non-finishing. (26) In 

our population, digestive disorders such as abdominal pain, nausea, vomiting and anorexia are 



the reason for emergency consultation for almost half of the patients with a serious 

complication.  

 Among the 16 patients presenting an acute renal failure, 8 consulted for digestive 

disorders and only 5 for urinary symptoms. Yet, the day at ICU admission, 13/16 patients 

(81.2%) presented urinary signs: 7 were oliguric and 6 presented anuria. These results show 

that oligoanuria seems to be a warning sign misidentified by runners.  

 Similarly, no specific symptom seemed predictive of the occurrence of severe post-race 

hyponatremia.  

 However, the occurrence of malignant hyperthermia is an extremely serious per-course 

complication that can be easily diagnosed by taking body temperature. There is a link between 

the speed of cooling and morbidity and mortality. (27) We therefore wish to draw the attention 

of medical professionals on ultra-trail races to keep in mind the need to take a body temperature 

measurement in each patient who is suspected or has a significant failure, in order to make the 

diagnosis, to extract him from the hot environment and to cool him quickly and finally to send 

him to an intensive care or reference centre. Both patients with this pathology in the present 

study were associated with late assessment of body temperature (respectively 60 minutes and 

90 minutes from initial medical support). Patient #2 presented a most severe clinical evolution.  

 Regarding digestive complications, only one case hospitalized in ICU was reported to 

us in the form of a perforated gastric ulcer. This complication is probably linked to a stress ulcer 

as the onset timing is similar to what is observed after an acute medical or surgical event. During 

exercise, there is an intestinal ischemia linked to a reduction in splanchnic flow that can reach 

80%, even during low intensity exercise such as ultramarathons. (28) This mesenteric ischemia 

can go as far as necrosis of the digestive tract which may require surgical resections. NSAIDs 

intake most likely accentuated these phenomena by altering the mucosal defences. Among the 

serious forms, a Boerhaave syndrome has also been described in the literature. (16) For the 



other forms, the majority of ischemic colitis seem to be hospitalized in conventional service 

with regression of symptoms without surgical sanction. (29) 

 Moreover, it is accepted by the literature that there is a significant immunosuppression 

at the arrival of an ultra-marathon with an increased risk of infection admitted by some authors. 

(30)(31) In our population, we did not observe any serious infection or sepsis such as 

pneumonia or gangrene despite a significant post-stroke lymphopenia.  

 

Outcomes 

 All patients with renal failure included in our study ultimately recovered a normal renal 

function, with no requirement for long-term renal replacement therapy. This ad-integrum 

recovery is also found in a meta-analysis colligating cases of AKI following endurance events 

with 27 patients included, including 15 under dialysis. (32) However, is not clear whether 

repeated participation in such events may eventually lead to significant long-term renal 

dysfunction. 

 

Limitations 

 This study has several limitations that we would like to point out. The retrospective 

recruitment carried out leaved a significant possibility of underestimating the number of 

patients who would not have come forward or not been referred by the doctors of contacted 

ICUs. In the same way, the information collected a posteriori by declaration of the patients can 

generate biases of under-declaration (self-medication, symptoms during and after the race). For 

these reasons, the collection of climatic conditions per race was not finally retained in our 

analysis due to the relative inaccuracy of some runners, in particular due to the very long 

duration of the race with, for the majority, very variable weather conditions during the same 

race. Also, we did not consider reliable the data on fitness weight, weight at the start of the race 



and weight gain or loss during and after the race from the runners in their declarations a 

posteriori.  

 Our study only focused on runners who had been hospitalized in ICUs. It is now well 

known that there is no defined threshold value of serum creatine kinase above which the risk of 

acute kidney injury is markedly increased. (33) It is likely that less severe cases of AKI with 

rhabdomyolysis go unreported and self-resolve.  

 It is important to note that no cardiac complications were reported in our study. It is 

likely that there was a recruitment bias with, on the one hand, the non-participation of cardiac 

intensive care units, and on the other hand, the retrospective recruitment by word of mouth 

probably underestimating deceased patients. In addition, it is likely that cardiovascular events 

occur more frequently over shorter distances with greater cardiovascular intensity.***   

 
 

5. Conclusion 
 

 Despite the extreme nature of ultra-endurance, the frequency of occurrence of a severe 

complications leading to hospitalization in intensive care remains rare. Four major 

complications are present: acute kidney injury, severe hyponatremia, malignant hyperthermia 

and digestive complications. These complications have a non-specific clinical presentation with 

very common symptoms and their timing of onset is variable. With the democratization of the 

practice of trail-running, it is essential that medical and paramedical staff are aware about the 

existence of these potential side effects of the ultra-endurance and do not neglect these four 

dangerous complications. 
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emergency liver transplant) and perforated gastric ulcer (n=1). Out of the 16 AKI, 13 
(81%) required extra renal purification among whom 9 (50%) declared having taken 
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with oliguria, anuria, haematuria or porto colored urine. Nine patients (47%) had 
neurological signs including disturbed vigilance, altered consciousness or convulsions.  

Conclusion 
Despite the extreme nature of ultra-endurance, the prevalence of severe 
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and their timing of onset is variable. Medical support in ultra-marathon must be aware 
of these four dangerous complications and not neglect them. 
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