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ABSTRACT

Background: Although previous studies including endurance athletes following
marathon running have demonstrated biochemical evidence of cardiac injury and have
correlated these findings with echocardiographic evidence of cardiac dysfunction, in
particular the right ventricle, a study of marathon athletes incorporating biomarkers,
echocardiography and cardiac MRI (CMR) has not been performed to date.

Objective: To demonstrate the cardiac changes associated with participation in a
marathon using serial cardiac biomarkers, echocardiography and CMR.

Results: Fourteen participants (mean age 3346 years; 8 males) completed the full
marathon. Serum myoglobin, creatine kinase and troponin T were elevated in all athletes
post-race. There was a strong linear correlation between right ventricular (RV) fractional
area change (FAC) as assessed by echocardiography and RV ejection fraction as assessed
by CMR (r=0.96) post marathon. RV function, using echocardiography, transiently
decreased from pre- to post-race (RV FAC 43+5% vs. 34+£7%, p<0.05). There were also
post-race changes in LV and RV diastolic filling. While RV systolic changes were
transient, both LV and RV diastolic abnormalities persisted up to one week post
marathon. We did not find evidence of delayed enhancement of the LV myocardium on
CMR suggesting that the increase in cardiac biomarkers post-marathon is not due to
myocardial necrosis.

Conclusion: Right ventricular systolic dysfunction transiently occurs post marathon, and
has been validated for the first time by CMR. The increase in cardiac troponin following
marathon running is due to cytosolic release of the biomarker, and not due to true

breakdown of the myocyte as confirmed by delayed enhancement CMR.
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INTRODUCTION

Marathon running, involving the participation of both amateur and elite athletes, has
increased in popularity over the past decade. Regular and extensive endurance training
over the long term, leads to increased left ventricular (LV) chamber size, wall thickness
and mass, a condition known as “athlete’s heart”.! As opposed to this chronic remodeling
process, the acute effects of strenuous exercise on cardiac function, in particular the right
ventricle (RV), is a subject of recent interest. Multiple studies have demonstrated
echocardiographic evidence of RV systolic and diastolic abnormalities after endurance

sports.”* However, quantititative assessment of the RV using echocardiography, due to

its complex geometry, is challenging.’

Transient changes in cardiac function following marathon running has been correlated
with biochemical evidence of cardiac injury, in particular serum biomarkers including
myoglobin, creatine kinase (CK) and cardiac troponin T (¢TnT).® Previous studies have
reported variable rates of elevated cardiac markers, in particular ¢TnT, in athletes
following a number of endurance sports.”"” Although the mechanism of elevation of
c¢TnT remains unclear, it has been postulated that it may be either due to true myocardial
necrosis or increased permeability of ¢TnT from the cytoplasmic pool.'*'® The use of
cardiac magnetic resonance imaging (CMR), following administration of gadolinium, as
a noninvasive method of delineating myocardial necrosis would be able to address this

pathophysiologic dilemma.'”"
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Cardiac magnetic resonance imaging, by virtue of its high spatial and temporal
resolution, can perform accurate measurements of both LV and RV mass, volume and
ejection fraction.* Only a few CMR studies have examined the LV and RV structure

27 and little is known about its utility following

and function in endurance athletes,
marathon running. No CMR study to date has assessed the response of the RV to

endurance exercise in this patient population.

The aim of the current study was two-fold; 1) To ascertain the extent and severity of the
changes in cardiac function after completion of a full marathon, utilizing serial cardiac
biomarkers, echocardiography and CMR; i1) To demonstrate any associations between
the degree of elevation in cardiac biomarkers and the amount of delayed enhancement

using CMR 1in this patient population.
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METHODS

PATIENT POPULATION

A prospective study was performed on fourteen amateur healthy volunteers participating
in the 2008 Manitoba Marathon. Study subjects were recruited and written informed
consent was obtained after local institutional board approval from the University of
Manitoba. Individuals between the ages of 18 and 40, participating in the marathon (26.2
miles), were included. Patients with preexisting cardiovascular risk factors including
diabetes, hypertension, smoking, elevated lipids and a family history of premature
coronary artery disease were excluded. Patients with any contraindications to undergo a
CMR were also excluded. Height, weight, heart rate and blood pressure measurements
were obtained at baseline and immediately following completion of the marathon. Data

on training regimens was also collected.

BIOCHEMICAL MARKERS

Serum levels of myoglobin, CK and cTnT were evaluated at four separate time points: 1)
baseline; ii) immediately following the race; iii) at the time of CMR ; iv) and one week
post marathon. Blood was collected into tubes containing EDTA, separated into serum,
and immediately placed on ice. The specimens were subsequently frozen at -70°C until
analyzed. Myoglobin and CK levels were determined using a Roche™ Elecsys analyzer
and a Roche™ 917 analyzer respectively. A four-fold increase in either myoglobin or CK
levels, as compared to baseline, was considered to be elevated. Quantitative

determinations of ¢TnT levels were performed using a third generation Roche Elecsys
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assay. The 99" percentile for normal subjects for ¢TnT is 0.01 pg/L, representing the

conventional upper limit of normal for this assay.”®

CARDIAC IMAGING: ECHOCARDIOGRAPHY AND CMR

All patients underwent a baseline transthoracic echocardiographic (TTE) study one week
prior to the marathon, immediately after completion of the race, and one week after the
marathon. Parasternal and apical views were obtained using a standard echocardiography
machine (GE Vivid 7, Milwaukee, Il, USA) with a multifrequency transducer and tissue
Doppler capability. Standard 2-dimensional images, M-mode, spectral and color Doppler,
and tissue Doppler imaging (TDI) were performed. A single observer (N.M.), blinded to

the clinical data, analyzed the echocardiographic images offline.

LV interventricular septal thickness (IVS), posterior wall thickness (PWT), mass, cavity
dimensions and volumes, and left atrial (LA) size indexed to body surface area were
determined from 2-dimensional images in accordance with the American Society of
Echocardiography (ASE) guidelines.”” RV cavity dimensions, RV fractional area change
(FAC) and tricuspid annular plane systolic excursion (TAPSE) were determined.
Continuous-wave Doppler was used to measure the peak velocity across the tricuspid
valve in the apical 4-chamber or right ventricular inflow view, and the maximal peak
pressure gradient was estimated using the simplified Bernouilli equation to calculate the
pulmonary artery systolic pressure (PASP).*° The ratio of the mitral regurgitant jet to the

left atrial cavity was measured with 2-dimensional color flow Doppler imaging as a
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qualitative index of the severity of mitral regurgitation (mild=1; moderate=2; moderate to

31
severe=3; and severe=4).

LV diastolic function was assessed using both conventional and novel diastolic
parameters. Transmitral LV filling velocity at the tips of the mitral valve leaflets was
obtained from the apical 4-chamber view using pulsed wave Doppler echocardiography.
The transmitral LV filling signal was traced manually to obtain the following variables:

peak early (E) and late (A) transmitral velocities, and E/A ratio.*

Tissue-Doppler derived indices were recorded at the septal and lateral mitral annulus of
the LV and the lateral tricuspid annulus of the RV. A sample volume of 6 x 6 mm was
positioned along the basal septal and lateral walls of the LV and basal lateral wall of the
RV in the apical 4 chamber view. These indices included peak systolic (S’), early (E’)
and late diastolic (A’) velocities. The dimensionless index of lateral and septal E/E’ was
calculated. For peak RV systolic strain using tissue Doppler, the sample volume was
placed along the base of the lateral tricuspid annulus in the apical 4 chamber view. A
strain length of 12 mm, defined as the greatest value on the strain curve, was used to
calculate strain.’**> Regional analysis of endocardial velocities and strain was performed

offline using dedicated computer software (EchoPac, Version 7.01, General Electric).

Cardiac magnetic resonance imaging was performed on all study participants at baseline
and within three days after marathon completion using a 1.5 T scanner (Avanto, Siemens,

Erlangen, Germany). Transverse images were acquired using an inversion recovery (IR)
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prepared dark blood HASTE sequence (TR 600 ms, TE 26 ms, 6 mm slice thickness, 1.8
mm interslice gap, matrix 256 X 104). Cine bright-blood images in the 4 chamber long
axis and 2 chamber long axis planes were performed using a breath-hold balanced steady-
state free precession (b-SSFP) sequence (TrueFISP, TR 42 ms, TE 1.2 ms, FA 70°, 6 mm
slice thickness, matrix 192 x 174). Cine b-SSFP short-axis images then encompassed the
entire LV from the base to the apex (stack of 10 sequential short-axis slices; TR 64 ms,
TE 1 ms, FA 80°, 8 mm slice thickness, 1.6 mm interslice gap, matrix 192 x 132) to
obtain a LV ejection fraction (LVEF). For LV mass calculation, the myocardial volume
was multiplied by the myocardial specific gravity of 1.05 g/em’** For RV mass
calculation, only the RV free wall was used, excluding the interventricular septum as

previously described.*

To evaluate for myocardial edema, dark blood T2-weighted turbo spin echo short axis
images were obtained (TR 1800-2100 ms, TE 74 ms, 8 mm slice thickness, 4 mm
interslice gap, matrix 256 X 175). Late gadolinium enhancement images were obtained
after 10 minutes of 0.2 mmol/kg injection of Gadolinium (Gd-DTPA, Magnevist,
Schering, Germany) using a T1-weighted IR-prepared multislice TrueFISP sequence with
magnitude and phase sensitive reconstruction. Images were acquired sequentially in the
short axis, followed by horizontal and vertical long axis images (TR 700 ms, TE 1.0 ms,
FA 40°, 8 mm slice thickness, 1.6 mm interslice gap, matrix 192 x 144). A single
observer (D.S.J.), blinded to the clinical data, analyzed the CMR images offline.
Quantitative analysis was performed using dedicated computer software (ARGUS,

Siemens).
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STATISTICAL ANALYSIS

The data are summarized as mean+SD, number (percentage), or median and interquartile
range (IQR). Paired t-tests was used to compare continuous variables. Chi-square and
Fischer exact tests were applied to compare categorical variables. One-way analysis of
variance (nonparametric with Dunn testing) was used to compare baseline, immediate,
and 1-week post-race cardiac biomarker and echocardiographic values. Linear regression
values were calculated using Pearson’s correlation coefficient. A p value less than 0.05
was considered statistically significant. The Statistical Analysis System 8.01 (SAS

Institute, Cary, NC) was used to perform the analysis.
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RESULTS

BASELINE CHARACTERISTICS

A total of 762 participants (545 males, 217 females) completed the 2008 Manitoba
Marathon with a mean finishing time of 254+43 minutes. Our study population included
14 patients (mean age 33+6 years), of which 8 were males and 6 were females. The
baseline characteristics pre- and post- race are listed in table 1. None of the participants
reported any significant medical co-morbidities, and they were all free of cardiovascular
risk factors. The majority of patients (n=10) were moderately trained, having run less
than 40 miles per week (mean 26+8 miles) and the remaining four were highly trained
(mean 53#12 miles). The mean time to completion of the full marathon was 245+68
minutes. The subjects’ weights, heights and BMI did not change significantly following
the marathon as compared to baseline (Table 1). As compared to baseline, the heart rate
increased and the systolic and diastolic blood pressures decreased following the

marathon. These parameters had recovered to baseline values at one week follow-up.

BIOCHEMICAL MARKERS

Serum myoglobin and CK levels were all within normal range at baseline (Table 2).
After marathon completion, myoglobin levels increased significantly from a median of 34
mg/L (IQR 21-97 mg/L) at baseline to 703 mg/L (IQR 446-2038 mg/L) immediately after
the race. Similarly, CK levels increased significantly from 160 U/L (IQR 127-209 U/L) at
baseline to 518 U/L (IQR 391-1714 U/L) following completion of the race. Both

myoglobin and CK levels normalized at one week followup in all patients.

10
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Serum levels of ¢TnT were < 0.01 pg/L in all participants at baseline (Table 2).
Immediately following completion of the full marathon, all patients demonstrated an
elevated serum ¢TnT with a median value of 0.31 pg/L (IQR 0.22-0.68 ug/L), above the
99% reference limit. At the time of CMR imaging post marathon, all patients
demonstrated persistent elevations in serum cTnT levels with a median value of 0.27
png/L (IQR 0.21-0.58 ug/L). At one week post marathon, the cTnT levels returned to

normal.

ECHOCARDIOGRAPHY

At baseline, all echocardiographic indices, including LV and RV chamber size, volumes,
and systolic function were within normal limits (Table 3). Left ventricular dimensions,
volumes and ejection fraction remained unchanged between premarathon and
postmarathon time points. As compared to baseline, RV end diastolic diameter, RV end
diastolic area, and RV end systolic area increased post marathon and the RV fractional
area change (FAC) decreased significantly (43+5% versus 34+£7%, p <0.05) (Table 3,
Figure 1). The decline in RV FAC improved at one week follow up. A similar trend was
observed in TAPSE which decreased significantly (2.6+0.5 mm to 1.6+0.4 mm, p <0.05).
While there were no significant change in LA size and volume following completion of
the marathon, the RA volume increased significantly (40£14 ml to 5513 ml, p <0.05)
(Table 3). There was an increase in peak pulmonary artery systolic pressure (PASP) after
the race (1644 mm Hg to 37+3 mm Hg, p<0.01) (Table 4). The degree of mitral

regurgitation remained unchanged throughout the course of the study (Table 4).

11
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Both conventional and novel diastolic parameters of the LV and RV are listed in Table 4.
There was a reduction in early LV transmitral diastolic filling velocities (0.8+0.2 cm/s vs.
0.6+0.2 cm/s, p <0.01) and an increase in late transmitral filling (0.5+0.1 cm/s vs. 0.6+0.2
cm/s, p<0.01) which resulted in a decrease in the E/A ratio (1.6+0.2 vs. 1.0+£0.2 p<0.01)

following completion of the race.

There were similar changes in diastolic function as assessed by tissue Doppler imaging,
which are less load dependent measures of relaxation as compared to conventional
measures of transmitral filling (Table 4).? Early LV mitral annular velocity (E’)
decreased while late mitral annular velocity (A’) increased both at the septal and lateral
annuli of the left ventricle following the race. At one week follow-up, the E’ and A’ were
persistently abnormal as compared to baseline. The E/E’ ratio of the lateral and septal
annuli remained within the normal range throughout the course of the study. The LV
lateral and septal mitral annular systolic velocities (S’) were not significantly different
pre- and post- race (Table 4, Figure 2). Although the conventional LV diastolic
parameters including E, A and E/A ratio recovered one week post race in all athletes, the

TDI parameters (E’ and A’) did not completely normalize (Table 4, Figure 2).

The RV diastolic parameters including S°, E’, and A’ decreased immediately following
the race and remained abnormal at one week of followup (Table 4, Figure 2). Right
ventricular strain at the base was reduced post-race (16+3% to 11£2%, p<0.01). These

changes in RV diastolic indices using TDI did not completely recover at one week follow

up.

12
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CARDIAC MAGNETIC RESONANCE IMAGING

All 14 participants underwent CMR at baseline and within 3 days of completing the
marathon, during which time all patients demonstrated elevated serum cTnT levels with a
median value of 0.27 pg/L (IQR 0.21-0.58 ug/L). Cardiac magnetic resonance imaging
obtained after marathon completion revealed normal LV structure and function (Table 5).
The LV mass was increased at 111+13 g/m® (normal range: 80+13 g/m?*)**>.
Consistent with the echocardiographic findings, although the LA volumes were within
normal range post-race on CMR, the RA volume was increased at 5111 ml (Table 5).
RV structure and function were abnormal on CMR following the marathon (Table 5),
similar to the echocardiographic findings (Table 3). The RV volumes were increased post
marathon and the RVEF was reduced at 43+5% compared to 64+8% at baseline (Table 5,
Figure 1). There was a strong linear correlation between RV FAC as assessed by
echocardiography immediately following the race and RVEF as assessed by CMR
(r=0.96, p<0.01) post marathon (Figure 4). Although all patients demonstrated elevated

serum cTnT levels at the time of the CMR, there was no evidence of myocardial edema

on T2 imaging nor findings of delayed enhancement of the LV myocardium.

13
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DISCUSSION

Although previous studies involving endurance athletes following marathon running have
demonstrated biochemical evidence of cardiac injury and have correlated these findings

with transient echocardiographic evidence of ventricular dysfunction,®"

a study of
marathon athletes incorporating biomarkers, echocardiography and CMR has not been
performed to date. In the current study, we confirmed previous studies that there is a

3 with

significant increase in cardiac biomarkers of injury after prolonged exercise,””
100% of the participants demonstrating positive troponin levels. There was
echocardiographic evidence of both LV and RV diastolic dysfunction following
completion of the marathon which did not completely normalize at one week follow-up.
The RV systolic dysfunction detected by echocardiography post marathon was validated
for the first time by CMR. Finally, the absence of delayed enhancement on CMR in this

patient population following the marathon confirms that the increase in cTnT observed is

not due to myocardial necrosis.

Cardiac biomarkers including myoglobin, CK and c¢TnT are elevated after strenuous
exercise such as marathon mnning.g'13 This finding is expected, as endurance sports can
lead to skeletal muscle degradation, resulting in elevated serum myoglobin and CK
levels. There is a wide variation in the proportion of athletes (3-63%) who demonstrate
elevated cardiac biomarkers after marathon Iunning.g'13 Although Neilan et al. suggested
that amateur athletes with less training prior to a marathon are more likely to experience
elevated cardiac biomarkers as compared to those with an extensive training

back round,8 a recent meta-analysis by Shave et al. did not confirm this data.'?> Despite a
g y y P

14
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wide range of training regimens before the marathon, all of the athletes participating in
our study demonstrated significantly abnormal biochemical profiles following completion

of the marathon.

In the cascade of myocardial dysfunction observed following a marathon race, diastolic
dysfunction is the earliest abnormality detected by echocardiography. Similar to other

. 83839
studies,”

we confirmed that both LV and RV diastolic parameters using conventional
Doppler and TDI parameters were significantly attenuated post marathon. The reduction
in diastolic function was similar for different segments of both ventricles indicative of
global diastolic dysfunction. The TDI indices for both the LV and RV did not recover
fully at one week of followup, confirming previous studies.® Potential mechanisms to
explain these diastolic abnormalities post race include an intrinsic impairment in
biventricular relaxation due to altered intracellular calcium transients, beta adrenergic
receptor desensitization, and/or myocyte injury due to increased reactive oxygen species
production following a marathon.**** It remains to be determined whether these diastolic

abnormalities are part of a normal recovery process following intense exertion or whether

there are any long term cardiac sequela.

A transient depression in RV systolic function and RV dilation after endurance sports has
previously been reported.™* In these studies, the observed changes in RV systolic
parameters occurred following completion of exercise of greater duration and intensity in
comparison to our heterogeneous cohort of participants competing in a marathon.** The

transient RV systolic dysfunction observed in our study was likely due to exercise

15
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induced pulmonary hypertension. The increase in pulmonary arterial systolic pressure
detected post-marathon, reflected an increased RV afterload, RV dilatation and
subsequent decrease in RV FAC. These pathophysiologic findings are corroborated by

4,844

previous studies. The reduction in TASPE as a surrogate marker of RV systolic

dysfunction in our patient population is unique, and has not been previously described.

Despite the utility of echocardiography in delineating RV systolic dysfunction, as
reflected by RVEDD, RV FAC and TAPSE, in athletes post marathon, an accurate RVEF
assessment is not possible due to the complex geometry of this cardiac chamber.” The
increased spatial and temporal resolution of CMR imaging however allows for an

accurate assessment of RV morphology and function.'**

The current study confirmed,
for the first time, a decrease in RVEF using CMR in patients following completion of the

full marathon, corroborating the echocardiographic changes in RV systolic function.

Gadolinium-enhanced CMR is of additional diagnostic value in estimating the extent of
cardiac injury and edema in cardiovascular diseases including ischemic heart disease and
myocarditis.'"®* With an in-plane spatial resolution of 1-2 mm, delayed enhancement
CMR (DE-CMR) can detect regions of myocardial necrosis that involve less than 1 gram
of myocardium, correlating to >2 ng/ml troponin I or >0.1 ug/L c¢TnT release.*>*® Our
study is the first to use gadolinium-enhanced CMR to examine the effects of marathon
running on cardiac function. Despite all athletes demonstrating positive ¢TnT levels
(median value of 0.31 pg/L (IQR 0.22-0.68 ug/L)) at the time of cardiac MRI, there was

no evidence of myocardial edema on T2-weighted images nor evidence of delayed

16
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enhancement suggestive of myocardial necrosis. Two postulated mechanisms of elevated
troponin values post marathon include either an increase in myocardial injury due to true

1418 This finding is

breakdown of the myocytes or cytosolic release of the biomarker.
instrumental in identifying the etiology of abnormal levels of c¢TnT after extensive
physical exertion. Based on the lack of any delayed enhancement on CMR in our study,

we can conclusively rule out myocardial necrosis as an explanation for ¢TnT rise in

athletes participating in strenuous exercise such as the marathon.

LIMITATIONS

There are a number of limitations to acknowledge. Our study is limited by a small sample
size with a heterogeneous population. The use of 3D echocardiography would provide
improved spatial resolution for accurate noninvasive assessment of RV ejection fraction.
Serial CMR examinations, performed immediately following race completion and long
term follow-up, would be able to address the transient nature of RV systolic dysfunction
detected by echocardiography in this patient population. Future studies will entail the use
of a larger patient population with baseline and longer term follow-up using CMR for
biventricular structural and functional analysis, perfusion, delayed enhancement and

potentially diastolic evaluation in the marathon setting.

17
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CONCLUSION

This is the first study to use CMR in validating RV systolic dysfunction following
marathon running. Although cardiac biomarkers are frequently elevated following
strenuous exertion, in particular c¢TnT, it is not due to true myocardial necrosis as

confirmed by the absence of DE-CMR in our study.

18
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TABLES

Table 1. Patient clinical characteristics (n=14)

Characteristics Baseline Post-race p value
Age (y) 3346 (21-42)
Gender, n (%)

Male 8(57)

Female 6 (43)
Moderately trained (<40 miles/wk) | 10

Previous marathons 6+3

Miles/week of training 26+8
Highly trained (>40 miles/wk) 4

Previous marathons 54

Miles/week of training 5312
Weight (kg) 74+12 73411 0.87
Height (cm) 17515 175+15 1.00
BMI (kg/m”) 2442 2442 1.00
Heart rate (bpm) 62+10 86+10 <0.01
SBP (mm Hg) 130+14 109429 0.02
DBP (mm Hg) 7719 60£18 <0.01

Values are mean + SD. y, years; BMI, body mass index; bpm, beats per minute; SBP,
systolic blood pressure; DBP, diastolic blood pressure.
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Table 2. Summary of serial cardiac biomarkers for total population (n=14)

Characteristics Baseline Post race 1 wk post race p

Myoglobin (mg/L) 34 (21-97) 703 (446-2038) 80 (53-91) <0.01
CK (U 160 (127-209) 518 (391-1714) 222 (168-482) <0.01
cTnT (ug/L) <0.01 0.31 (0.22-0.68) <0.01 <0.01

Values are median with interquartile range (95% CI). ¢TnT, cardiac troponin T; CK,

creatinine kinase
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Table 3. Two dimensional echo data in patient population

Echo parameters | Baseline | Post-race | Follow-up | p value
LV parameters

LVEDD (mm) 5046 505 50+4 0.95
LVESD (mm) 33+5 33+4 3244 0.74
LVEDV (ml) 112424 110+29 102432 0.60
LVESV (ml) 40+11 49425 40+17 0.24
IVS (mm) 8+1 9+1 9+2 0.33
PWT (mm) 8+1 0+1 812 0.29
LVEF (%) 6515 6515 6416 0.56
LV mass/BSA (gm®) | 97+14 104+20 96+23 0.49
LA parameters

LA diameter (mm) 3644 36+4 3444 0.34
LA volume (ml) 45+15 50+22 36£11 0.12
RA and RV parameters

RA volume (ml) 40+14 55+13° 36+17 <0.05
RVEDD (mm) 30+4 39+43° 3143 <0.05
RV diastolic area (mm?) | 14+5 1843 1343 <0.05
RV systolic area (mm”) | 843 1243 72 <0.05
RV FAC (%) 4345 34+7 4346 <0.05
TAPSE (mm) 2.6+0.5 1.6£04"° | 2.540.4 <0.05

Values are mean £ SD. LVEDD, left ventricular end diastolic diameter; LVESD, left
ventricular end systolic diameter; LVEDV, left ventricular end diastolic volume; LVESV,
left ventricular end systolic volume; IVS, interventricular septum; PWT, posterior wall
thickness; LVEF, left ventricular ejection fraction; BSA, body surface area; LA, left
atrium; RA, right atrium; RVEDD, right ventricular end diastolic diameter in parasternal
long axis view; FAC, fractional area change; TAPSE, tricuspid annular plane systolic
excursion. 'Post-race compared to baseline, p<0.05.
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Table 4. Conventional and novel diastolic echo parameters in patient population

Echo parameters | Baseline | Post-race | Follow-up | p value
Doppler echocardiography

MR grade 0.4%0.1 0.6+0.2 0.7£0.2 0.60
Mitral E velocity (cm/s) 0.840.2 0.6+0.2" 0.8+0.2 <0.01
Mitral A velocity (cm/s) 0.540.1 0.6+0.2" 0.540.2 <0.01
Mitral E/A ratio 1.6+0.2 1.0£0.2" 1.6£0.2 | <0.01
Mitral E decel time (ms) 210164 200469 203456 0.91
Peak PASP (mm Hg) 1644 3743" 1244 <0.01
Left Ventricle: Tissue Doppler imaging

Lateral S’ (cm/s) 11.1+1.1 | 9.6+0.3 10.1£1.0 | 0.44
Lateral E’ (cm/s) 12.5¢1.2 | 8.8+1.2 10.2+1.3" | <0.01
Lateral A’ (cm/s) 5.0+1.2 8.0+1.1" 6.1+1.17 | <0.01
Septal S’ (cm/s) 9.9+1.0 8.2+1.0 9.1+1.0 0.36
Septal E” (cm/s) 10.141.2 | 8.0+1.17 9.2+1.3" |<0.01
Septal A’ (cm/s) 5.2+1.3 8.3+1.1" 6.2+1.3" | <0.01
E/E’ lateral 6.4+1.3 6.8+1.0 7.8+1.3 0.39
E/ E’ septal 7.4£1.1 7.5£1.0 8.2+1.1 0.79
Right Ventricle: Tissue Doppler imaging

S’ at base (cm/s) 122412 | 8.4+1.1 11.2+1.1 |<0.01
E’ at base (cm/s) 114+1.1 | 9.5+1.0" 9.841.17 | <0.01
A’ at base (cm/s) 7.841.1 | 10.7£1.0° | 9.2+1.17 |<0.01
Strain at base (%) 1643 142" 14417 <0.01

Values are mean + SD. MR, mitral regurgitation; decel, deceleration; PASP, pulmonary

artery systolic pressure. Post-race compared to baseline. ~ One week followup compared

to baseline.
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Table 5. Cardiac MRI data in patient population at baseline and post marathon

(n=14)

CMR parameters | Baseline | Post marathon
LV parameters

LVEDD (mm) 5145 5246
LVESD (mm) 3146 3048
LVEDV (ml) 158+24 162426
LVESV (ml) 50421 53+18
LVEDV/BSA (ml/m?) 83+10 85+12
LVESV/BSA (ml/m?) 27+11 28+13
IVS (mm) 0+1 0+2
PWT (mm) 0+1 0+1
LVEF (%) 66x6 67£5
LV mass (g) 212427 210+25
LV mass/ BSA (g/m?) 114+12 111+13
LA parameters

LA diameter (mm) 3446 35+4
LA volume (ml) 50+10 5112
LA volume/ BSA (ml/m”) | 2648 27+7
RA and RV parameters

RA volume (ml) 40+10 5111
RVEDD (cm) 3046 3846
RVEDV (ml) 160+22 195+22"
RVESV (ml) 55420 108+17"
RVEDV/BSA (ml/m’) 84+12 10249°
RVESV/BSA (ml/m?) 29+10 57+8"
RVEF (%) 64+8 4345
RV mass (g) 6416 6544
RV mass/BSA (g/m®) 3244 3443

Values are mean + SD. LVEDD, left ventricular end diastolic diameter; LVESD, left
ventricular end systolic diameter; LVEDYV, left ventricular end diastolic volume; LVESV,
left ventricular end systolic volume; BSA, body surface area; IVS, interventricular
septum; PWT, posterior wall thickness; LVEF, left ventricular ejection fraction; LA, left
atrium; RA, right atrium; RVEDD, right ventricular end diastolic diameter; RVEDV,
right ventricular end diastolic volume; RVESV, right ventricular end systolic volume;
RVEF, right ventricular ejection fraction; RV, right ventricle. *p<0.05 as compared to
baseline.
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FIGURE LEGENDS

Figure 1. Baseline and post-marathon transthoracic echocardiographic image in the
apical 4 chamber view in a participant with a ¢cTnT that increased from <0.01 to 0.54
ug/L. A. Baseline transthoracic echo image demonstrating normal RV structure and
function. B. Post marathon evidence of mild RV dilatation (RVEDD 38 mm) and
decrease in RV FAC of 35%. C. Post marathon cine-CMR in the horizontal long axis
view, confirms the decrease in RVEF of 44%. cTnT; cardiac troponin T; RV, right
ventricle; RVEDD, right ventricular end diastolic diameter; FAC, fractional area change;
CMR, cardiac MRI; RVEF, right ventricular ejection fraction; LV, left ventricle; LA, left
atrium; RA, right atrium.

Figure 2. Tissue Doppler imaging diastolic parameters of the LV and RV respectively, at
baseline, post marathon and 1 week followup. Panel A: Although the lateral S’ of the LV
did not change throughout the course of the study, S’ of the RV transiently decreased
following the marathon and returned to normal. Panels B-C: The E’ decreased and A’
increased post marathon in both the LV and RV, and did not completely normalize at 1
week followup. *p<0.05 as compared to baseline; **p<0.05 as compared to baseline.
Figure 3: A strong linear correlation between RV FAC as assessed by echocardiography
immediately following the race and RVEF as assessed by CMR post marathon (r=0.96,

p<0.01).
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