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Abstract: A case study involving a healthy trained male athlete who completed a 786 km multi-stage
ultra-trail race. Several markers were analyzed in blood and urine samples: creatinine (SCR) for kid-
ney damage, sodium ([Na*]) for hyponatremia, creatine kinase (CK) for exertional rhabdomyolysis,
as well as other hematological values. Samples were taken before and after the race and during the re-
covery period (days 2 and 9 after the race). Results showed: SCR = 1.13 mg/dL, [Na*] = 139 mmol/L
and CK = 1.099 UI/L. Criteria for the determination of acute kidney damage were not met, and
[Na+] concentration was above 135 mEq/L, indicating the absence of hyponatremia. Exertional
rhabdomyolysis was suffered by the athlete (baseline CK increased fivefold), though this situation
was reverted after 9 days of recovery. Ultra-trail races cause biochemical changes in athletes, which

check for should be known about by healthcare professionals.
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Health 2021, 18, 11323. https:// Endurance events have increased their popularity over the last decade [1]. In the USA,

doi.org/10.3390/3jerph182111323 546 races took place in 2016, and this number increased to 1073 in 2019 [2]. One of the most
extreme of these sports is ultra-trail races [3]. These events involve considerable efforts,
great elevation slopes, both positive and negative, and often severe weather conditions [4],
which can develop serious health issues in some runners [5-7]. Acute kidney injury (AKI),
exertional rhabdomyolysis (ER), and exercise-associated hyponatremia (EAH) are among
the effects on runners” health when research focuses on this sport [8,9].

These races, particularly extra-long ones set in extreme situational conditions, can
cause serious health effects on runners, such as the onset of acute kidney injury (AKI),
which may or may not be accompanied by EAH. AKI includes structural damage such
as a decreased kidney function [10], which could be associated with a significant increase
published maps and institutional affl- 11 Morbidity and mortality both in the short term and the long [9]. The incidence of AKI
{ations. episodes found in ultra-trail races is very heterogeneous, varying between 0% [11-14]

and 76% [15]. This wide range of results is due to the different criteria and biomarkers

developed to diagnose this illness. The diagnostic of AKI is based on serum creatinine
(SCR) or estimated glomerular filtration rate (eGFR) or diuresis [16]. All these markers are
compared with baseline, and their increases after completing the race imply acute damage
on the kidney of the runners [15,17] and sometimes chronic damage that, ultimately, may
even require medical treatment or hospitalization [18].

Contrary to AKI, EAH is easily diagnosed by the concentration of sodium ion [Na*]
conditions of the Creative Commons 11t blood [19], with values under 135 mEq/L set as EAH. Bodyweight is widely recognized
Attribution (CC BY) license (https:// S one of the most relevant factors linked to EAH and excessive consumption of beverages
creativecommons.org/ licenses /by / with or without [Na*] supplementation is the main cause of EAH [20,21]. However, there
40/). is still no consensus in the ultra-trail hydration guidelines regarding how much liquid
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should be consumed during the race, nor much bodyweight athletes should lose during
the race [21,22]. By decreasing their bodyweight, runners seem to prevent from suffering
EAH. However, neither the exact percentage of weight that runners must lose during the
race nor the best hydration protocol for ultra-races has been defined [23].

Another key factor in the development of AKI and/or EAH [24] is post-exertional
rhabdomyolysis (ER) [25]. ER is defined as the damage in the muscle characterized by
myocellular morphological alterations, and as a result, protein leakage can occur [26,27].
The destruction of the myocyte is often related to any sport, especially those which imply
long duration and strenuous intensity because of the mechanical damage and metabolism
alterations produced by eccentric exercise [28]. In a systematic review, Rojas et al. [25]
studied the cases of ER in different endurance sports, including ultra-trail. Identified cases
were classified according to activity type as follows: walking = 1 (0.13%), swimming = 1
(0.1%), spinning = 30 (3.8%), combined activities = 90 (11.4%), cycling = 138 (17.4%), and
running = 533 (67.2%). From the total of 130 cases reported with ER + AKI, 96.9% of
participants were runners. Another study that compared ultra-trail to other endurance
sports was [29], where running and cycling were compared. The cases of EAH were very
similar: 6.7% cycling vs. 14.4% in ultra-trail.

The high negative elevation that defines most ultra-trail races offers the opportunity
to research the relationship between eccentric exercise and ER. Several studies has proved
that some biomarkers related to ER, increase their values during the race and even some
days after completing the test [30,31]. The main markers related to ER in scientific reports
are Lactodeshidrogenasa (LDH) and creatine kinase (CK) among liver alterations and
inflammatory biomarkers such as leucocytes and protein c-reactive [32-34]. The diagnosis
of ER remains unclear though, with many different values existing to match ER criteria [24].

This case study outlines the main variations in some urine and blood-determined
biomarkers relevant to the three aforementioned conditions, as well as hematological and
biochemical changes after a 786 km multi-stage ultra-trail race of 11 consecutive stages.

2. Case Report

A 42-year-old male athlete with 5 years of experience in ultra-trail races (172 cm,
77.3 kg, 8.14% body fat and 25.6 BMI) took part in this study. The subject is a non-
professional runner but with broad experience in ultra-trail races (5 years of expertise). The
runner did not present any medical condition or pathology which could interfere with the
practice of ultra-trail running. His diet was balanced, and his sleep patterns were totally
normal. The subject’s maximum oxygen uptake (VO2max) was 50.71 mL-kg~!-min~! and
his average weekly training volume was 11 h of running, with 3500 m of cumulative eleva-
tion gain. No previous relevant medical history or chronic conditions that limit physical
exercise existed. He completed the multi-stage ultra-trail race, which joins the Mediter-
ranean and Atlantic coasts along the Pyrenees, covering 786 km in a total of 11 stages.
The race had a warm temperature, with values ranging from 13.08 to 17.69 °C, and the
humidity was (60.16-70.87%). It took the athlete 152 h 41” at an average speed of 5.2 km/h
(equivalent to 51% of VO2max). The average stage/day consisted of 71.49 km (SD =+ 8.2)
and 6457 m (SD =+ 663.73) of elevation gain. In-race hydration was ad libitum. Body weight
was measured before and immediately after each stage and was recorded both as absolute
values and as percentages of body weight loss. Total weight loss was 1.9 kg — 1.8% of
body weight. The plasma volume of the subject was 4.830 liters before the race and after
completing the race 4690 liters. The volume plasma shift was calculated using the equation
revisited of Dill and Costill revisited [35]. Using the following parameters: hemoglobin (pre
and post), hematocrit (pre and post), and the plasma volume (pre and post), we estimated
that the volume shift that the runner suffered was —1.88%.

Blood and urine samples were taken one day before the race (pre), at the end of the
race (post), and on days 2 (rec2) and 9 (rec9) of the recovery periods. Blood samples were
collected in two 5 mL Vacutainer tubes (Vacutainer, beliver industrial state, plymouth PL6
7BP, United Kingdom) without anticoagulant for serum isolation and in two 5 mL tubes
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containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. Once collected,
blood samples were coagulated for 25-30 min at room temperature and then centrifuged at
2500 rpm for 10 min to remove the clots. Serum samples were aliquoted into Eppendorf
tubes (Eppendorf AG, Hamburg, Germany), previously washed with diluted nitric acid,
and conserved at —80 °C until the biochemical analysis. For the determination of muscle
damage markers and hydration status, a 2 mL blood sample was used. The analyzed
biomarkers were serum creatinine (SCR) for AKI, creatinine kinase (CK) for ER, and sodium
ion concentration ([Na*]) for EAH. Urine sediment analysis was performed with a focus
on erythrocytes, leukocytes, and proteinuria. The main hematological and biochemical
markers were also analyzed. Results obtained after the GR-11 are displayed as tables.
Table 1 shows the blood results and Table 2 the urine results.

Table 1. Blood and urine parameters before (baseline) and after race (post-exercise day 2 and post-exercise day 9).

Before-Race Post-Race
Parameter - -
Blood Pre (Baseline)  Post (Post-Exercise) Day 2 (rec2) Day 9 (rec9)
Value Value (% Difference) Value (% Difference) Value (% Difference)
Hemoglobin (g/dL) 144 131 (—9.03) 132 (—8.33) 146 (+1.58)
Hematocrit (%) 42% 39% (—7.14) 39% (—7.14) 43% (+2.38)
RBC (10°/mL) 442 4.06 (—8.14) 4.05 (—8.37) 4.49 (+1.58)
MCYV (fL) 95.6 95.4 (—0.21) 95.6 (0.0) 96.7 (+1.15)
MCH (pg) 32.6 32.4 (—0.61) 32(—1.84) 32.5(—0.31)
MCHC (g/dL) 341 340 (—0.29) 340 (—0.29) 336 (—1.47)
RDW (%) 12.8 13.5 (+5.47) 13.7 (+7.03) 13.8 (+7.81)
Platelet count (10°/mL) 242 315 (+30.17) 309 (+27.69) 391 (+61.57)
Platelet volume (fL) 8.1 7.6 (—6.17) 7.7 (—4.94) 7.3 (—9.88)
Leukocytes (10° /mL) 3 9.4 (+213.33) 6 (+100.00) 6.8 (+126.00)
Neutrophils (10%/mL) 3 6.5 (+116.67) 3.6 (+20.00) 3.7 (+23.33)
Neutrophils (%) 52.2 68.7 (+31.61) 60.9 (+16.67) 53.7 (+2.87)
Lymphocytes (103/mL) 2.1 1.7 (—19.05) 1.4 (—33.33) 2.3 (+9.52)
Lymphocytes (%) 35.3 17.8 (—49.58) 23.5 (—33.43) 34.5(—2.27)
Monocytes (10°/mL) 0.6 1 (+66.67) 0.5 (+16.67) 0.6 (0.00)
Monocytes (%) 10 10.4 (+4.0) 9 (—10.00) 8.6 (—14.00)
Eosinophils (10%/mL) 1.8 0.2 (—89.89) 0.3 (—83.34) 0.1 (—94.44)
Eosinophils (%) 1.8 2.4 (+33.33) 5.3 (+194.44) 2.1 (+16.67)
Basophils (10% /mL) 0.0 0 (+0.10) 0 (+0.10) 0 (+0.10)
Basophils (%) 0.7 0.7 (0.00) 1.3 (+85.71) 1.1 (+57.14)
Erythroblasts (103 /mL) 0.0 0 (0.00) 0 (0.00) 0 (0.00)
Erythroblasts (%) 0.0 0 (0.00) 0 (0.00) 0 (0.00)
SCR (mg/dl) 0.88 1.13 (+28.41) 0.98 (+11.36) 0.84 (—4.55)
AST (UI/L) 21 66 (+214.29) 45 (+114.29) 86 (+309.52)
ALT (UI/L) 14 39 (+178.57) 33 (+135.71) 99 (+607.14)
Lipase (UI/L) 13 18 (+38.46) 27 (+107.69) 13 (0.0)
Urea (mg/dL) 33 64 (+93.94) 46 (+39.39) 35 (+6.06)
Uric Acid(mg/dL) 5.2 5 (—3.85) 4.7 (—9.62) 5.2 (0.00)
HDL Cholesterol (mg/dL) 90 86 (—4.44) 80 (—11.11) 94 (+4.44)
Total Cholesterol (mg/dL) 233 193 (—17.17) 194 (—16.74) 292 (+25.32)
Triglycerides (mg/dL) 79 80 (+1.27) 130 (+64.56) 88 (+11.39)
Na* (mmol/L) 136 139 (+2.21) 140 (+2.94) 137 (+0.74)
K* (mmol/L) 45 5.2 (+15.56) 5.5 (+22.22) 49 (+8.89)
CI*" (mmol/L) 102 107 (+4.90) 106 (+3.92) 99 (—2.94)
Ca* (mg/dL) 9.9 9.1 (—8.08) 9.1 (—8.08) 9.8 (—1.01)
Mg?* (mg/dL) 2 2.1 (+5.00) 2 (0.00) 2.2 (+10.00)
P* (mg/dL) 29 3.5 (+20.69) 2.9 (0.00) 3.4 (+17.24)
Glucose (mg/dL) 92 99 (+7.61) 73 (—20.65) 95 (+3.26)
Albumin (g/dL) 4.3 3.89 (9.53) 3.64 (—14.35) 4.29 (—0.23)
CK (UI/L) 94 1099 (+1069.15) 478 (408.51) 109 (+15.96)
LDH (UI/L) 152 571 (+275.66) 422 (+177.63) 254 (+67.11)
Total Proteins (g/dL) 6.8 6.5 (4.41) 6.1 (—10.29) 7 (+2.94)
Urea (mg/dL) 33 64 (+93.94) 46 (+39.39) 35 (+6.06)

Data are expressed as absolute value and as + percentage from baseline values AST, aspartateaminotransferase; ALT, alanineaminotrans-
ferase; CK, creatine kinase; HDL, high-density lipoprotein; K*, ion potassium LDL, low-density lipoprotein; LDH, lactate dehydrogenase;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RBC, red
blood cell; RDW, red blood cell distribution width; SCR, creatinine.
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Table 2. Urine Parameters Before (Baseline) and After Race (Post-Exercise Day 2 and post-exercise

Day 9).

Before-Race Post-Race
Post
P t
arameter Pre (Baseline) (Post-Exercise) Day 2 (reocz) Day 9 (reoc9)
Urine Value (% Value (%
VALUE Value (% . .
. Difference) Difference)
Difference)
Proteins
0 0 (0.00% 0 (0.00% 0 (0.00%
mardl) (0.00%) (0.00%) (0.00%)
Density (Kg/L) 1021 1021 (0.00%) 1018 (—0.29%) 1014 (—0.69%)
PH 6.5 6 (—7.69%) 7 (+7.69%) 7 (+7.69%)
Glucose
0 0 (0.00% 0 (0.00% 0 (0.00%
Nitrites 0 0 (0.00%) 0 (0.00%) 0 (0.00%)
Ketonic Bodies
0 0 (0.00% 0 (0.00% 0 (0.00%
Leucocytes 0 0 (0.00%) 0 (0.00%) 0 (0.00%)
Erythrocytes 0 0 (0.00%) 0 (0.00%) 0 (0.00%)
Microalbumin o o o
(mg/dL) <0.19 36 (+18,847%) <0.19 (0.00%) <0.19 (0%)
Bilirubin
0 0 (0.00% 0 (0.00% 0 (0.00%
Urobilinogen
1 1 (0.00% 1 (0.00% 0.2 (—80.00%
g/l (0.00%) (0.00%) ( )

Data are expressed as absolute value and as +. — percentage from baseline value.

Renal function evaluated through SCR was found to be elevated compared with basal
levels from post (+28.41%) through to the 2nd recovery day (rec2 = +11.36%) and dropped
below the basal value on recovery day 9 (rec9 = —4.55%). ER measured through CK in-
creased significantly post (+1069.15%) and returned to normal values on rec9. Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT), both linked to ER, remained
well above baseline levels on recovery day 9 (rec9 AST = +309.52%; rec9 ALT = +607.14%).
The electrolyte balance ([Na*]), associated with EAH, remained above 135 mEq/L through-
out all the recovery phases. This situation did not meet the diagnostic criteria for EAH.
Urine sediment analysis did not show evidence of hematuria or proteinuria, despite having
found high values of microalbumin post (+18.84%). Values returned to normal during
the recovery period (rec2 and rec9). Lastly, hematocrit dropped post (—7.14%) and rec2
(—7.14%), and leukocytes increased by 213.3%, 100%, and 126% for post, rec2, and rec9,
respectively.

3. Discussion

Renal function assessed through SCR (the main marker for AKI) did not meet the
criteria for considering kidney damage since SCR did not increase by 50% [10]. The
elevated post-SCR value (+28.41%) returned to normal during recovery and even dropped
below basal values. This recovery pattern has been previously reported in other similar
studies [36,37] and allows for the determination that nine recovery days are enough for
SCR normalization without medical treatment. However, other studies have found several
cases of AKI reaching failure stage in one runner (25%) [38]. Due to the seriousness that
AKI implies for runners’ health, some studies have addressed the probability of suffering
AKI after a previous episode. In this study, 16 runners met the criteria at the first race; the
subsequent race caused less increase in SCR concentration and decrement in estimated
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glomerular filtration rate than the first race. This pattern confirms that usually, runners
recover from the increase in SCR after some days [11,13,39,40]

A comparison between multi-stage races and single-stage races shows that multistage
races may help runners to recover from the efforts [15,39] reducing the number of episodes
diagnosed in these kinds of ultra-trail races; this result may be due to the slower pace that
runners use to cover higher distances [40]

One of the reasons behind EAH development in long-distance runners is a poorly
planned hydration strategy [41]. Not only does this directly affects EAH, but it has also
been described in cases of kidney damage and even ER, due to myoglobin released into the
bloodstream following sarcolemma rupture [42,43]. Athlete weight loss should be consid-
ered for the evaluation of this aspect, and the current case study results show a weight loss
of 1.8% of pre-body weight. This result contrasts with other research that suggests larger
weight losses are needed to avoid EAH [44]. This inconsistency regarding EAH diagnosis
can be solved by evaluating [Na*] concentration, with values above 135 mg/dL positively
indicating EAH. In this case, a bodyweight loss below 2% would not be significant for
the diagnosis of EAH in such a long duration effort if the [Na*] value remains below
135 mEq/L.

ER is the pathological condition involving muscle cell necrosis and the release of
CK and myoglobin from muscle cells into tissues, finally carrying to the kidney. There
is no general agreement as to exactly how the substances released cause AKI [26,45]. In
addition to molecules leaked into blood, vasoconstriction and ischemia seem to be behind
the etiology of AKI [10]. Myoglobin and hemoproteins filtered from glomeruli may cause
damage to the tubular system affecting the perfusion of the kidney [16,46,47].

As far as the diagnosis of ER is concerned, many blood markers (CK, LDH, AST y
ALT) and urine (hematuria, proteinuria) biomarkers have been tested and used to examine
ER in sports. All of them have been linked to muscle tissue damage and necrosis [37,48].
However, CK is the most widely used molecule in ER studies [24] and the one which
enables its detection and diagnosis [25].

Ultra-trail races imply a huge amount of eccentric muscle contraction because of the
great elevation both positive and negative that define these kinds of races [4]. In compari-
son, the pace and the speed of the runners is slower than in marathon or in half-marathon
however the apparition of cases of ER is higher [25]. This could be explained not only
by the eccentric effort but also because of hydration issues, which lead to unexperienced
runners to EAH and subsequently to ER [29,47].

As a conclusion, the alterations found in this case are similar to other studies, which
included races as long and extreme as included in this study [36,46]. Similarly, the subject
recovered baseline values after nine days of recovery. The alteration in other makers such
as AST or ALT would increase the chances of ER development and also potentially alter
liver function, but it is not a criteria for ER [25]. Urine analysis did not show proteinuria
or hematuria, which proves that ER is compatible with no visible abnormalities in urine
markers [18] (see Table 2).

4. Conclusions

This paper shows that ultra-trail races produce alterations in AKI, EAH y ER—specific
biomarkers. The number of diagnostic criteria, biomarkers, and the confusing symptoma-
tology often led to these alterations not being adequately considered and regarded as
simply adaptation derived from physical effort. Overhydration, intense exercise and eccen-
tric muscle contractions create a perfect storm which can lead to some runners suffering
from ER, AKI and EAH. The seriousness of these pathologies, alone or combined, should
raise awareness to runners, coaches, and organizers of these races of EAH, AKI, and ER.

Author Contributions: Conceptualization, M.L. and I.L.; methodology, M.L., C.C., EP; software, I.L.;
validation, M.L.; formal analysis, M.L., EP. and L.L.; investigation, M.L., EP. and C.C.; data curation,
C.C.,, M.L. and EP; writing—original draft preparation, M.L., C.C., EP; writing—review and editing,



Int. J. Environ. Res. Public Health 2021, 18, 11323 60f8

C.C, IL. and FP; visualization, F.P. All authors have read and agreed to the published version of the
manuscript.

Funding: The present research was funded by a research grant from the Instituto de Estudios
Altoaragoneses of the Diputacion Provincial de Huesca (Spain) and with public funds from the
Direccién General de Investigacion e Innovacion del Gobierno de Aragén to the ENFYRED research

group.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the Department of Health and Con-
sumption of the Government of Aragon (Spain), (protocol code 18/2015; date: 11 November 2015).

Informed Consent Statement: Informed consent was obtained from the subject involved in the study.

Data Availability Statement: Information about the case report is available at http://grllenll.org/
(accessed on 26 October 2021).

Acknowledgments: The authors thank O.P for his participation in this research work and the Centro
de Medicina del Deporte del Gobierno de Aragoén for its invaluable help and collaboration.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Scheer, V. Participation Trends of Ultra Endurance Events. Sports Med. Arthrosc. 2019, 27, 3-7. [CrossRef] [PubMed]

2. Runsignup. Annual Industry Report [Internet]. Volume 9, Annual Trend Race Report. 2020. Available online: extension://
bfdogplmndidlpjfhoijckpakkdjkkil / pdf/viewerhtml?file=https %3 A%2F%2Fd368g91lwbileu?.cloudfront.net%2Fdocuments%
2FraceTrends2020_v20210128.pdf (accessed on 18 October 2021).

3.  Hoppel, F; Calabria, E.; Pesta, D.; Kantner-Rumplmair, W.; Gnaiger, E.; Burtscher, M. Physiological and pathophysiological
responses to ultramarathon running in non-elite runners. Front Physiol. 2019, 10, 1-12. [CrossRef]

4. Scheer, V,; Basset, P.; Giovanelli, N.; Vernillo, G.; Millet, G.P,; Costa, R.J.S. Defining Off-road Running: A Position Statement from
the Ultra Sports Science Foundation. Int. J. Sports Med. 2020, 41, 275-284. [CrossRef] [PubMed]

5. Scheer, B.V,; Murray, A. Al Andalus Ultra Trail: An observation of medical interventions during a 219-km, 5-day ultramarathon
stage race. Clin. J. Sport Med. 2011, 21, 444-446. [CrossRef] [PubMed]

6.  Vernillo, G.; Savoldelli, A.; La Torre, A.; Skafidas, S.; Bortolan, L.; Schena, F. Injury and Illness Rates during Ultratrail Running.
Int. J. Sports Med. 2016, 37, 565-569. [CrossRef] [PubMed]

7.  Dawadi, S.; Basyal, B.; Subedi, Y. Morbidity Among Athletes Presenting for Medical Care During 3 Iterations of an Ultratrail Race
in the Himalayas. Wilderness Environ Med. 2020, 31, 437-440. [CrossRef]

8.  Knechtle, B.; Gnadinger, M.; Knechtle, P.; Imoberdorf, R.; Kohler, G.; Ballmer, P.; Senn, O. Prevalence of exercise-associated
hyponatremia in male ultraendurance athletes. Clin. J. Sport Med. 2011, 21, 226-232. [CrossRef]

9. Hodgson, L.; Walter, E.; Venn, R.M.; Galloway, R.; Pitsiladis, Y.; Sardat, F.; Forni, L.G. Acute kidney injury associated with
endurance events-Is it a cause for concern? A systematic review. BM] Open Sport Exerc. Med. 2017, 3. [CrossRef]

10. Makris, K.; Spanou, L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin. Biochem. Rev. 2016,
37,85-98. Available online: http:/ /www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5198510 (accessed on 1 October
2021).

11.  Le Goff, C,; Kaux, J.-F; Dulgheru, R.; Seidel, L.; Pincemail, J.; Cavalier, E.; Melon, P. The impact of an ultra-trail on the dynamic of
cardiac, inflammatory, renal and oxidative stress biological markers correlated with electrocardiogram and echocardiogram. Acta
Cardiol. 2020, 1-9. [CrossRef]

12.  Belli, T.; Macedo, D.; De Aratjo, G.G.; Dos Reis, . G.M.; Scariot, P.; Lazarim, E; Nunes, L.A.S.; Brenzikofer, R.; Gobatto, C.A.
Mountain ultramarathon induces early increases of muscle damage, inflammation, and risk for acute renal injury. Front Physiol.
2018, 9, 1-10. [CrossRef]

13.  Scotney, B.; Reid, S. Body Weight, Serum Sodium Levels, and Renal Function in an Ultra-Distance Mountain Run. Clin. J. Sport
Med. 2015, 25, 341-346. [CrossRef]

14. Bracher, A.; Knechtle, B.; Gnddinger, M.; Biirge, J.; Riist, C.A.; Knechtle, P.; Rosemann, T. Fluid intake and changes in limb
volumes in male ultra-marathoners: Does fluid overload lead to peripheral oedema? Eur. J. Appl. Physiol. 2012, 112, 991-1003.
[CrossRef] [PubMed]

15. Lipman, G.S.; Krabak, B.J.; Rundell, S.D.; Shea, K.M.; Badowski, N.; Little, C. Incidence and Prevalence of Acute Kidney Injury
during Multistage Ultramarathons. Clin. J. Sport Med. 2016, 26, 314-319. [CrossRef]

16. Seijas, M.; Baccino, C.; Nin, N.; Lorente, ].A. Definition and biomarkers of acute renal damage: New perspectives. Med. Intensiva
2014, 38, 376-385. [CrossRef]

17.  Poussel, M.; Touzé, C.; Allado, E.; Frimat, L.; Hily, O.; Thilly, N.; Rousseau, H.; Vauthier, ].C.; Chenuel, B. Ultramarathon and

Renal Function: Does Exercise-Induced Acute Kidney Injury Really Exist in Common Conditions? Front. Sports Act. Living 2020,
1, 1-7. [CrossRef] [PubMed]


http://gr11en11.org/
http://doi.org/10.1097/JSA.0000000000000198
http://www.ncbi.nlm.nih.gov/pubmed/30601393
extension://bfdogplmndidlpjfhoijckpakkdjkkil/pdf/viewer.html?file=https%3A%2F%2Fd368g9lw5ileu7.cloudfront.net%2Fdocuments%2FraceTrends2020_v20210128.pdf
extension://bfdogplmndidlpjfhoijckpakkdjkkil/pdf/viewer.html?file=https%3A%2F%2Fd368g9lw5ileu7.cloudfront.net%2Fdocuments%2FraceTrends2020_v20210128.pdf
extension://bfdogplmndidlpjfhoijckpakkdjkkil/pdf/viewer.html?file=https%3A%2F%2Fd368g9lw5ileu7.cloudfront.net%2Fdocuments%2FraceTrends2020_v20210128.pdf
http://doi.org/10.3389/fphys.2019.01300
http://doi.org/10.1055/a-1096-0980
http://www.ncbi.nlm.nih.gov/pubmed/32059243
http://doi.org/10.1097/JSM.0b013e318225b0df
http://www.ncbi.nlm.nih.gov/pubmed/21860348
http://doi.org/10.1055/s-0035-1569347
http://www.ncbi.nlm.nih.gov/pubmed/27116340
http://doi.org/10.1016/j.wem.2020.08.001
http://doi.org/10.1097/JSM.0b013e31820cb021
http://doi.org/10.1136/bmjsem-2015-000093
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5198510
http://doi.org/10.1080/00015385.2020.1778871
http://doi.org/10.3389/fphys.2018.01368
http://doi.org/10.1097/JSM.0000000000000131
http://doi.org/10.1007/s00421-011-2056-3
http://www.ncbi.nlm.nih.gov/pubmed/21720884
http://doi.org/10.1097/JSM.0000000000000253
http://doi.org/10.1016/j.medin.2013.09.001
http://doi.org/10.3389/fspor.2019.00071
http://www.ncbi.nlm.nih.gov/pubmed/33344994

Int. J. Environ. Res. Public Health 2021, 18, 11323 70f8

18.
19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Scheer, V. Severe Kidney Injury After a 110-km Trail Race. Cureus 2020, 12, 12-14. [CrossRef] [PubMed]

Hoffman, M.D.; Stellingwerff, T.; Costa, R.J.S. Considerations for ultra-endurance activities: Part 2-hydration. Res. Sports Med.
2019, 27, 182-194. [CrossRef]

Hoffman, M.D.; Hew-Butler, T.; Stuempfle, K.]J. Exercise-associated hyponatremia and hydration status in 161-km ultramarathon-
ers. Med. Sci. Sports Exerc. 2013, 45, 784-791. [CrossRef] [PubMed]

Hew-Butler, T.; Rosner, M.H.; Fowkes-Godek, S.; Dugas, J.P.; Hoffman, M.; Lewis, D.P.; Maughan, R.J.; Miller, K.C.; Montain, S.J.;
Rehrer, N.J.; et al. Statement of the 3rd international exercise-associated hyponatremia consensus development conference,
Carlsbad, California, 2015. Br. J. Sports Med. 2015, 49, 1432-1446. [CrossRef] [PubMed]

Sawka, M.N.; Burke, L.M.; Eichner, E.R.; Maughan, R.J.; Montain, S.J.; Stachenfeld, N.S. Exercise and fluid replacement. Med. Sci.
Sports Exerc. 2007, 39, 377-390.

Hoffman, M.D.; Goulet, E.D.B.; Maughan, R.]. Considerations in the Use of Body Mass Change to Estimate Change in Hydration
Status During a 161-Kilometer Ultramarathon Running Competition. Sport Med. 2018, 48, 243-250. [CrossRef] [PubMed]
Nance, J.R.; Mammen, A.L. Diagnostic Evaluation of Rhabdomyolysis. Muscle Nerve 2015, 176, 139-148. [CrossRef] [PubMed]
Rojas-Valverde, D.; Sdnchez-Urefia, B.; Crowe, J.; Timén, R.; Olcina, G.J. Exertional rhabdomyolysis and acute kidney injury in
endurance sports: A systematic review. Eur. J. Sport Sci. 2020, 1-28. [CrossRef] [PubMed]

Skenderi, K.P; Kavouras, S.A.; Anastasiou, C.A.; Yiannakouris, N.; Matalas, A.L. Exertional rhabdomyolysis during a 246-km
continuous running race. Med. Sci. Sports Exerc. 2006, 38, 1054-1057. [CrossRef] [PubMed]

Kiapcinska, B.; Wadkiewicz, Z.; Chrapusta, S.J.; Sadowska-Krepa, E.; Czuba, M.; Langfort, ]. Metabolic responses to a 48-h
ultra-marathon run in middle-aged male amateur runners. Eur. J. Appl. Physiol. 2013, 113, 2781-2793. [CrossRef]

Cleary, M. A. Creatine kinase, exertional rhabdomyolysis, and exercise-associated hyponatremia in ultra-endurance athletes: A
critically appraised paper. Int. ]. Athl. Ther. Train. 2016, 21, 13-15. [CrossRef]

Chlibkova, D.; Knechtle, B.; Rosemann, T.; Tomaskova, I.; Novotny, J.; 7Zakovska, A.; Uher, T. Rhabdomyolysis and exercise-
associated hyponatremia in ultra-bikers and ultra-runners. J. Int. Soc. Sports Nutr. 2015, 12, 1-12.

Hinks, A.; Hess, A.; Debenham, M.I.; Chen, ]J.; Mazara, N.; Inkol, K.A.; Cervone, D.T.; Spriet, L.L.; Dalton, B.H.; Power, G.A.
The torque-frequency relationship is impaired similarly following two bouts of eccentric exercise: No evidence of a protective
repeated bout effect. J. Biomech. 2021, 122, 110448.

Malm, C.; Sjodin, T.L.B.; Sjoberg, B.; Lenkei, R.; Renstrom, P.; Lundberg, L.E.; Ekblom, B. Leukocytes, cytokines, growth factors
and hormones in human skeletal muscle and blood after uphill or downhill running. J. Physiol. 2004, 556, 983-1000. [CrossRef]
[PubMed]

Peake, ] M.; Neubauer, O.; Gatta, P.A.D.; Nosaka, K. Muscle damage and inflammation during recovery from exercise. J. Appl.
Physiol. 2017, 122, 559-570. [CrossRef]

Scheer, V.; Krabak, B.J. Musculoskeletal Injuries in Ultra-Endurance Running: A Scoping Review. Front. Physiol. 2021, 12.
[CrossRef]

Millet, G.Y.; Tomazin, K.; Verges, S.; Vincent, C.; Bonnefoy, R.; Boisson, R.-C.; Gergelé, L.; Féasson, L.; Martin, V. Neuromuscular
consequences of an extreme mountain ultra-marathon. PLoS ONE 2011, 6, e17059. [CrossRef] [PubMed]

Kainulainen, H.; Kyr, H. Corrected whole blood biomarkers-The equation of Dill and Costill revisited. Physiol. Rep. 2018, 6,
el3749.

Sanchis-Gomar, E.; Alis, R.; Rodriguez-Vicente, G.; Lucia, A.; Casajus, J.A.; Garatachea, N. Blood and urinary abnormalities
induced during and after 24-hour continuous running: A case report. Clin. J. Sport Med. 2016, 26, e100-e102. [CrossRef] [PubMed]
Jouffroy, R.; Lebreton, X.; Mansencal, N.; Anglicheau, D. Acute kidney injury during an ultra-distance race. PLoS ONE 2019, 14,
1-12. [CrossRef]

Cuthill, J.A.; Ellis, C.; Inglis, A. Hazards of ultra-marathon running in the Scottish highlands: Exercise-associated hyponatraemia.
Emerg. Med. ]. 2009, 26, 906-907. [CrossRef]

Besson, T.; Rossi, J.; Mallouf, T.L.R.; Marechal, M.; Doutreleau, S.; Verges, S.; Millet, G.Y. Fatigue and Recovery after Single-Stage
versus Multistage Ultramarathon Running. Med. Sci. Sports Exerc. 2020, 52, 1691-1698. [CrossRef]

Lipman, G.S.; Krabak, B.J.; Waite, B.L.; Logan, S.B.; Menon, A.; Chan, G.K. A prospective cohort study of acute kidney injury
in multi-stage ultramarathon runners: The biochemistry in endurance runner study (BIERS). Res. Sport Med. 2014, 22, 185-192.
[CrossRef]

Lipman, G.S.; Hew-Butler, T.; Phillips, C.; Krabak, B.; Burns, P. Prospective Observational Study of Weight-based Assessment of
Sodium Supplements on Ultramarathon Performance (WASSUP). Sport Med.-Open 2021, 7, 1-10.

Cairns, R.S.; Hew-Butler, T. Proof of concept: Hypovolemic hyponatremia may precede and augment creatine kinase elevations
during an ultramarathon. Eur. J. Appl. Physiol. 2016, 116, 647-655. [CrossRef]

Martinez-Navarro, I.; Sanchez-Gémez, ].M.; Aparicio, I.; Priego-Quesada, ].I.; Pérez-Soriano, P.; Collado, E.; Hernando, B.;
Hernando, C. Effect of mountain ultramarathon distance competition on biochemical variables, respiratory and lower-limb
fatigue. PLoS ONE 2020, 15, e0238846. [CrossRef]

Knechtle, B.; Knechtle, P.; Wirth, A.; Alexander Riist, C.; Rosemann, T. A faster running speed is associated with a greater body
weight loss in 100-km ultra-marathoners. J. Sports Sci. 2012, 30, 1131-1140. [CrossRef] [PubMed]

Hoppel, E; Calabria, E.; Pesta, D.; Kantner-Rumplmair, W.; Gnaiger, E.; Burtscher, M. Does acute kidney injury from an
ultramarathon increase the risk for greater subsequent injury? Clin. J. Sport Med. 2014, 26, 1-12.


http://doi.org/10.7759/cureus.7814
http://www.ncbi.nlm.nih.gov/pubmed/32467790
http://doi.org/10.1080/15438627.2018.1502189
http://doi.org/10.1249/MSS.0b013e31827985a8
http://www.ncbi.nlm.nih.gov/pubmed/23135369
http://doi.org/10.1136/bjsports-2015-095004
http://www.ncbi.nlm.nih.gov/pubmed/26227507
http://doi.org/10.1007/s40279-017-0782-3
http://www.ncbi.nlm.nih.gov/pubmed/28895063
http://doi.org/10.1002/mus.24606
http://www.ncbi.nlm.nih.gov/pubmed/25678154
http://doi.org/10.1080/17461391.2020.1746837
http://www.ncbi.nlm.nih.gov/pubmed/32202487
http://doi.org/10.1249/01.mss.0000222831.35897.5f
http://www.ncbi.nlm.nih.gov/pubmed/16775544
http://doi.org/10.1007/s00421-013-2714-8
http://doi.org/10.1123/ijatt.2015-0071
http://doi.org/10.1113/jphysiol.2003.056598
http://www.ncbi.nlm.nih.gov/pubmed/14766942
http://doi.org/10.1152/japplphysiol.00971.2016
http://doi.org/10.3389/fphys.2021.664071
http://doi.org/10.1371/journal.pone.0017059
http://www.ncbi.nlm.nih.gov/pubmed/21364944
http://doi.org/10.1097/JSM.0000000000000222
http://www.ncbi.nlm.nih.gov/pubmed/26222342
http://doi.org/10.1371/journal.pone.0222544
http://doi.org/10.1136/emj.2008.065524
http://doi.org/10.1249/MSS.0000000000002303
http://doi.org/10.1080/15438627.2014.881824
http://doi.org/10.1007/s00421-015-3324-4
http://doi.org/10.1371/journal.pone.0238846
http://doi.org/10.1080/02640414.2012.692479
http://www.ncbi.nlm.nih.gov/pubmed/22668199

Int. J. Environ. Res. Public Health 2021, 18, 11323 8of8

46.

47.

48.

Pesic, D.; Srejovic, 1.; Stefanovic, D.; Djordjevic, D.; Cubrilo, D.; Zivkovic, V. Ten marathons in ten days: Effects on biochemical
parameters and redox balance-case report. Serb. . Exp. Clin. Res. 2019, 20, 361-366. [CrossRef]

Knechtle, B.; Knechtle, P.; Rosemann, T.; Senn, O. No dehydration in mountain bike ultra-marathoners. Clin. |. Sport Med. 2009,
19, 415-420. [CrossRef] [PubMed]

Kerschan-Schindl, K.; Thalmann, M.; Sodeck, G.H.; Skenderi, K.; Matalas, A.L.; Grampp, S.; Ebner, C.; Pietschmann, P. A 246-km
continuous running race causes significant changes in bone metabolism. Bone 2009, 45, 1079-1083. [CrossRef] [PubMed]


http://doi.org/10.2478/sjecr-2018-0060
http://doi.org/10.1097/JSM.0b013e3181b47c93
http://www.ncbi.nlm.nih.gov/pubmed/19741316
http://doi.org/10.1016/j.bone.2009.07.088
http://www.ncbi.nlm.nih.gov/pubmed/19665602

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

