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Abstract

The effect of ischemic preconditioning (IPC) on iswiing performance was examined. Using a
randomized, crossover design, National-and Internaklevel swimmers n=20; 14 males, 6
females) participated in three trials (Con, IPC-I#C-24h). Lower-body IPC (4 x 5 min bi-lateral
blood-flow restriction at 160-228 mmHg, and 5 miperfusion) was used 2- (IPC-2h) or 24-h (IPC-
24h) before a self-selected (100 ms15; 200 mn=5) swimming time-trial (TT).. The Con trial used
a sham intervention (15 mmHg) 2h prior to exerciSk trials required a 40-min standardized pre-
competition swimming warm-up (followed by 20-minstereplicating pre-competition call room
procedures) 1h before TT. Capillary blood (pH,doda@ases and lactate concentrations) was taken
immediately pre-and post-IPC, pre-TT and post-No effects on TT for 100 m (P=0.995; IPC-2h:
64.9448.33 s; IPC-24h: 64.67+8.50 s; Con: 64.9248), 200 m (P=0.405; IPC-2h: 127.70+£10.66 s;
IPC-24h: 129.26+12.99 s; Con: 130.19+10.27 s) onliaed total time (IPC-2h: 84.27+31.52 s; IPC-
24h: 79.87£29.72 s; Con: 80.55+31.35 s) were oleseiollowing IPC. Base excess (IPC-2h: -
13.37+8.90 mmdl™*; Con: -13.35+7.07 mm@l™; IPC-24h: -16.53+4.65 mmidl™), pH (0.22+0.08;

all conditions), bicarbonate (IPC-2h: -11.66+3.5falll*; Con: -11.62+5.59 mmdl™; IPC-24h: -
8.47+9.02 mmadll ™), total carbon dioxide (IPC-2h: -12.90+3.92 mfdt Con: -11.55+7.61 mmal”

L |PC-24h: 9.90+8.40 mmil™), percentage oxygen saturation (IPC-2h: -0.164%:;86Con:
+0.20+1.93%; IPC-24h: +0.4742.10%) and blood lactdPC-2h: +12.87+3.62 mnidl*; Con:
+12.41+#4.02 mmdl™"; IPC-24h: +13.27+3.81 mmi@il") were influenced by swimming TT
(P<0.001), but not condition (all P>0.05). No effef IPC was seen when applied 2- or 24-h before

swimming TT on any indices of performance or phiggj@al measures recorded.

Key words: Time-trial, lactate, blood gases, ergugeid
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INTRODUCTION

During international swimming events athletes aguired to perform two to three maximal efforts
following months or even years of training and amgpion, with marginal differences of <0.5%
separating medal and non-medal positions (e.geréifice between sixth and third place in the men’s
and women’s 100 m at World Championships; FINA, WdaZhampionship results 2017 - 8). In
addition to the benefits of training, previous @sé has shown the importance of competition warm-
up intensity (24), timing of warm-up (36) and usk amtive heating and land-based activation
exercises (21, 22) as competition-day strategiesmjarove subsequent swimming performance.
Ischemic preconditioning (IPC), involving cycles isthemia and reperfusion achieved through the
application of cuffs to the arms or thighs (11)s ladso been reported to improve indices of athletic

performance when used between 15 mins and 8h beéofermance assessments (12).

The benefits of IPC to improve athletic performari@/e been previously observed in time to
exhaustion (e.g. 9), anaerobic specific performaests (e.g. 14) and repeated sprint ability (26J.

It has been reported that IPC induces acute vasadiptations, resulting in local vasodilation and
enhanced blood flow (34). Consequently, enhangedtional sympatholysis may speed and increase
oxygen extraction by means of matching demand sigbply (13), facilitating an increased aerobic
contribution during subsequent exercise. Repamggest that IPC can cause a faster uptake of acetyl
coenzyme A (acetyl-CoA) by mitochondria thus mamitay lactate accumulation at a metabolically
acceptable level due to greater contribution oblaieally generated adenosine triphosphate (ATP) for
exercise (14). Recruitment of higher order motutsuvia enhanced central motor efferent command
also results from IPC (4), allowing for exerciselte completed beyond the individual's critical
threshold by increasing or maintaining the ratefaxte development and improving subsequent

performance.
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However, only one study (31) relating to sports performance has differentiated between the
observed early and late phase of IPC reported within the clinical literature, implementing IPC 24h
prior to a 5 km running time trial (TT). Research suggests that there are two phases resulting from
IPC; the early phase which begins soon after reperfusion and lasts 3-4h, whereas the late phase
starts 12—24h after IPC (16) and last 48—96h (27, 33). The release of endogenous substances is
thought to stimulate post-translational modifications in proteins within the early phase, whereas in
the late phase this leads to synthesis of new proteins and altered gene expression (34). Accordingly,
owing to the timing of pre-competition practices and regulations in athletic competitions (e.g., the
use of pre-competition call-rooms within 20 min of competition starting), the late phase of IPC may
offer another practical option, to coincide with competition timings to further optimize swimming

performance on the day of competition.

With a specific emphasis on swimming performané®; Imay be beneficial for 100 to 400 m
swimming performance due to the resultant incraaseontribution of ATP generated from the
aerobic system (28). To date, four studies (7, 14, 20) have identified a positive effect of
implementing IPC prior to swimming performance.r Egample, Jean-St-Michel et al. (14) reported
that five min of ischemia followed by five min aéperfusion, repeated for four cycles, implemented
45 min prior to 100 m swimming TT improved persom&st swimming times by 1.1%. Most
recently, Lisbda et al. (17) applied IPC 1h, 2h d@fdpreceding a 50 m TT performance, with
performance improvements of 1.0% and 1.2% in 2h &ndonditions, respectively. The previous
research relating to IPC and swimming performaraihvestigated the effects of the early phase of
IPC on performance as application has been <12 wriperformance. However, for short duration
events (i.e. 10-90 s), a recent meta-analysis sthalagt a longer duration between IPC and exercise
resulted in a higher effect size; suggesting tH€ Imay be dependent on the timing of the
preconditioning strategy relative to the start obsequent performance (30). Research is yet to
investigate if the delayed phase of IPC can enhawa@ming performance when applied at least 12h

prior to competition, a strategy which may be ative for coaches and swimmers.
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Consequently, the purpose of this study was tosiiyate the impact of IPC on swimming TT

performance 2h (early phase) and 24h (late phétse)adiciting IPC in competitive swimmers.

METHOD

EXPERIMENTAL APPROACH TO THE PROBLEM

Twenty National and International-level swimmerstiggpated in a randomized, crossover design
that involved three sessions (Con, IPC-2h, IPC-2¢dparated by seven days. Timing of IPC
completed in conditions were implemented in lineéhwirevious research complete by Seeger et al.
(31) and Lisbba et al. (17). Occlusion cuffs wapplied bi-laterally at the most proximal point of
each thigh and intermittently inflated to an indivalized cuff pressure determined from thigh girth
and resting blood pressure for a total of 40 mitPi€-2h and IPC-24h. In Con, cuffs were applied
for the same duration (total 40 min), however gu#issure was inflated to 15 mmHg. A self-selected
(100 or 200 m) swimming TT (assessing total tim@,n® split times, stroke count; SC, and stroke
rate; SR, time underwater off starts and turndpwedd intervention administration and physiological
markers (pH, blood gases and lactate concentrateie assessed at pre-IPC, post-IPC, pre-TT and

post-TT.

SUBJECTS

Following ethical approval from Swansea Univerg&titics committee, twenty (6 females, 14 males)
National- and International-level swimmers (aget2, mass; 71.1+9.6 kg, stature; 178.4+9.6 cm,
Training experience; 9.6+2.7 y) participated in thtedy. All subjects had qualified for, and

competed at British swimming National competitionSubjects were informed of the experimental
procedures, the purpose and possible risks assdaidth the study, and provided written informed

consent before participation.

PROCEDURES
After familiarization, participants were requirenl dttend the testing venue on three occasions (Con,

IPC-2h, IPC-24h) in a randomized order.
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107  Main trials were performed in an enclosed 50 m swiing pool within the subject’s normal training
108 environment. To minimize the effects of biologichdlythms, the timing of measurements was
109 consistent between trials. To control for varylagels of weekly fatigue, testing was conducted on
110 the same day of the week in a stable, maintenamasepof training. Subjects were required to refrai
111 from alcohol and intense physical exercise in #he @2receding trials and between IPC and swimming
112 TT performance.

113

114  On arrival for main trials, subjects were requitedest for 10 min to allow for resting blood press
115 to be recorded (Omron Healthcare, Europe; systolid0 mmHg  and/or diastolic >90 mmHg
116  precluded further study involvement). Once blooelspure was recorded, thigh girth was measured
117  for determination of cuff pressure and a capilllgod sample was taken. Occlusion cuffs were then
118  applied to the most proximal point of the thighsthvsubjects assuming a supine position. The cuff
119 (10 cm) contained a pneumatic bag along its inngase that was connected to a pressure gauge and
120  manually inflated to either 15 mmHg (Con) or aniwdlalized cuff pressure (IPC-2h, IPC-24h) for a
121  total of 40 min consisting of four cycles of fiveimocclusion and five min reperfusion. The
122  individualized cuff pressures were calculated ficmenneke et al. (18) with values ranging from 160
123 to 228 mmHg. Cuff pressure was 15 mmHg in the Condition; based on previous research
124  showing that 10-20 mmHg (e.g. 1, 14, 26) causedalteration to the arterial inflow but allowed
125 increased control over the placebo effect as auéi®e worn in both conditions.

126

127  Following the completion of the IPC protocol, sutgerested accordingly for 24h or 2h; intense
128  physical activity was restricted during the 24h afldsubjects arrived at the swimming pool and
129  rested for 3h prior to TT regardless of the conditicuffs were applied during this period for IPKC-2
130 and Con. A standardized race swimming warm upn@#-was performed 1h prior to a swimming
131 TT and a 20-min post-warm-up rest period at therswing pool replicated pre-competition call room
132 requirements. This was immediately followed by aximal swimming TT (100 mn=15, 200 m:
133  n=5), completed on the subjects’ chosen strokecao@ance with FINA rules. Subjects completed

134  the TT individually, starting from a block and tagioff after an audible starting signal.
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Rating of perceived exertion was recorded usingBibigy (2) scale on completion of the race. From
the TT, SR, SC, 50 m split times, time underwatértioe start and turns and total time were

calculated retrospectively from video recordingsyuation 1 was used to determine SR; for each 25
m of the TT SR was calculated, the mean + SD was ttalculated for each 50 m. To ensure
acceptable reliability of the SR measurement, iobserver tests were completed. The analyst
viewed two randomly selected TT performances teresi over a two-week period under the same
conditions. The coefficient of variation (CV) waalculated to identify the measurement error; this

resulted in a low, acceptable percentage of e@or£ 0.2%).

Equation 1: Stroke rate = (Number of complete sisover 25 m x 60)

(Time of hand entry 1 — time of hand entry 2)
Where hand entry 1 is the first-hand entry at tae ®f 25 m and hand entry 2 is the hand entthet

end of 25 m, recorded in seconds.

A capillary blood sample was taken pre-IPC, posi;IBre-TT and post-TT to measure blood lactate,
pH, percentage of oxygen saturation &) partial pressure of oxygen (PQOpartial pressure of
carbon dioxide (PC9), total carbon dioxide (TC bicarbonate (HC¢) and Base Excess. This was
analyzed using a portable analyser (ISTAT 1; 308@) associated cartridges (CG4+; Abbott, point
of care testing, Arbroath, UK). Prior to data eotion the analyzer was calibrated according to the
manufacturer’s. specifications and cartridges wéoeed as per manufacturer’s instructions {28
and removed to room temperatiie min prior to use. The capillary blood sample wamediately
expelled from the capillary tube into the sampldl wé the cartridge. Blood gases and pH were
analyzed using these methods which have previdaesy compared (35) against two auto-calibrated
analyzers (r >0.993). Dascombe et al. (5) alsdirned intra-test reliability of the analyzer; iatr
class correlation coefficients (ICC) for all analytwere observed to be strong following maximal

intensity exercise (ICC = 0.77-0.95; where 0.7-de@med a strong correlation) and technical error of
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measurement (TEM) <15% was deemed acceptable (#424) blood lactate; 3.12%, all other

measured blood gas parameters 2.02-8.85%).

STATISTICAL ANALYSES

All data is presented as mean + standard devig®). Following confirmation of parametric
assumptions, repeated measures multivariate asatbfsivariance (MANOVA) with- Bonferroni
adjustment assessed between-trial differences doalles with multiple time points per trial (i.e.
blood lactate, pH, s, PQ, PCQ, HCO; and Base Excess). One-way ANOVA assessed between-
trial differences for all performance variablesnfraghe swimming TT and RPE recorded post-TT.
Statistical analyses were carried out using SP$8lore22.0 (SPSS Chicago, IL) with significance

being accepted at®.05.

RESULTS

Exercise significantly affected blood parameterslloiving swimming TT, pH decreased by
0.22+0.08 in all conditions (P<0.004; = 0.866) (Figure 1). Blood lactate increasedtprpost-TT
(P<0.001:n? = 0.923) by 12.87+3.62 mnilil*, 12.41+4.02 mmdl™ and 13.27+3.81 mmd™ in
IPC-2h, Con and IPC-24h, respectively (Figure Bise excess (IPC-2h: -13.37+8.90 miiidj Con:
-13.35+7.07 mmdll™"; IPC-24h: -16.53+4.65 mmidl™; P<0.001;n* = 0.857), HCQ (IPC-2h: -
11.66+3.52 mmdLl ™" Con: -11.62+5.59 mmdl™; IPC-24h: -8.47+9.02 mmid™; P<0.001:n? =
0.849), TCQ (IPC-2h: -12.90+3.92 mmil™; Con: -11.55+7.61 mmdl™; IPC-24h: 9.90+8.40
mmolll™*; P<0.001;n? = 0.939) and s®b6 (IPC-2h: -0.16+1.86 %; Con: +0.20+1.93 %; IPC-24h
+0.47+2.10 %; P<0.00% = 0.130) were significantly different pre-TT togtel T. However, there

were no differences between trials in any of tleobdlparameters (P>0.05).

ek INSERT FIGURE 1 NEAR HERE *****
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Trial did not affect performance for 100 m (P=0.99%C-2h: 64.94+8.33 s; IPC-24h: 64.67+8.50 s;
Con: 64.94+ 8.24 s), 200 m (P=0.405; IPC-2h: 12710066 s; IPC-24h: 129.26+12.99 s; Con:

130.19+10.27) or combined total time (IPC-2h: 842152 s; IPC-24h: 79.87+29.72 s; Con:

80.55+31.35 s). No significant effects betweenditions for any of the performance variables were
observed; being, total time (P=0.723), split timethe first 50 m (P=0.968), split time for the ced

50 m (P=0.874), start time (P=0.817), turn timé&@tm (P=0.924), SC for first 50 m (P=0.559), SC
for second 50 m (P=0.570), SR for first 50 m (P26)7 SR for second 50 m (P=0.988) and RPE

(P=0.723) (Table 1).

e INSERT TABLE 1 NEAR HERE *****

DISCUSSION

In this study IPC did not affect 100 or 200-m swimmperformance in National-level swimmers
when applied 2h or 24h prior to performance assessmThese findings, particularly for IPC-2h,
oppose previous research that found IPC appliedtegcumproved subsequent swimming
performance (7, 14, 17, 20). Consistent with presiresearch (31), no change in swimming
performance was identified when IPC was applied [2&flore the TT. Likewise, no differences were
identified in physiological markers following IPGyar IPC-24h. Therefore, IPC applied 2h or 24h

had no influence, either positive or negative, wimsning performance or physiological markers.

For short duration events (i.e. 10-90 s), a reoggta-analysis showed that a longer duration between
IPC and exercise resulted in a higher effect simgpesting that IPC may be dependent on the timing
of the preconditioning strategy relative to thetsth subsequent performance (30). Previous rekear
in swimming has implemented IPC between 10 min &hd(7, 14, 17, 20) before performance
assessment and found beneficial effects; findinigislwcontradict those reported here when IPC was
applied 2h before exercise. Several methodologilifi¢trences between the present study and
previous literature may explain this lack of agreemin findings. Specifically, there is little

consensus regarding optimal cuff pressures usédGnas a range of pressures have been reported
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(i.e., 200-230 mmHg or 15-50>SBP) which are uniallysapplied across all individuals within
studies. A standardized cuff pressure may notecthes same percentage of blood flow restriction in
every individual, especially considering the voluara type of tissue surrounding the blood vessels
which may influence the pressure exerted on theuwlasire (19). Therefore, the percentage of blood
flow restriction may affect the success of IPC gseacompetition strategy (10). Recent research by
Loenneke et al. (18) recommended the use of indalided cuff pressure calculated from thigh girth
and resting blood pressure, which was adopteddrctinrent study. However, individual blood flow
restriction was not confirmed using a Doppler doeptacticality, which offers a limitation to the
current study as blood flow restriction was caltedian alignment with results from previous resbarc
(18), rather than according to a measured presiggrotocol to individualise cuff pressure needls t
be determined, identifying the differences betwaatandard cuff pressures and the use of thigh girt
and blood pressure to calculate individual pressumecomparison to Doppler assessment. The
results of these three methods to determine cefiqure need to be identified and the resultantteffe

on performance tested to establish recommendaiomsactical use.

To explain the current results, another methodoklgiifference should be considered regarding the
location of the cuff, with application previouslgported on the lower or upper body. The present
study applied occlusion cuffs to the thighs whidmtcasts previous research in swimming whereby
cuffs were applied to the upper body (7, 14, 17, 28lthough limited research still exists on the
working ‘'mechanism of IPC and athletic performantejas been suggested that IPC induces a
systemic change in blood flow through a changeympathetic activity. Due to the nature of
swimming and controlled breathing, which can resuoltexercise induced arterial hypoxemia,
decreased pH (3, 32) and consequently a significamributor of fatigue (25), a systemic increase i
blood flow and oxygen delivery could be speculd®dmprove performance, reducing hypoxemia
and metabolic acidosis. However, in the curreodytno differences were identified between
conditions in the physiological measures. Alteérsatesearch has suggested that IPC may also cause
local changes in the muscle at the site of the ¢eff). increase oxygen uptake or change in

mitochondrial activity) which may contribute to srcrease muscle oxygenation (13, 15, 29).
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In swimming, the contribution of propulsive forcedpproximately 90% for the upper extremities (6,
23), therefore, the local changes achieved by egipdin of the cuffs to the upper limbs, may inceeas
effectiveness of limb IPC to improve swimming penfiance. In comparison to previous results
applying cuffs to the thighs to induce a systemigponse, this may help to explain the inconsistency
in the current results, highlighting this as anaawearranting further investigation to determine the
impact of systemic versus local blood flow restoicton athletic performance.

To date, one study has examined the use of IPGeappdth prior to performance to determine if the
late phase of IPC, originally used in a clinicdting, may also improve athletic performance. The
current study replicated research completed by Sesgal. (31) but within swimming, with the only
other methodological difference being individualgiof cuff pressures. Similarly, no difference in
performance time between conditions was identifiethwever, results from the current study were
not consistent with previous research investigalit@ in swimming as previously a benefit has been
identified in the early phase (10 min — 2h) witkie literature which was not consistent in our gtud
Therefore, methodological differences could havliégmced these findings as stated above regarding
cuff location, consequently IPC applied 24h priorperformance should be further investigated in

swimming while ensuring that cuffs are appliedhie tipper body.

In conclusion, the current study demonstrated swigni T performance of 100 or 200 m was not
influenced when it was preceded 2h or 24h by fgutes of IPC, at an individualized cuff pressure.
Speculatively, this may have been due to the @iffee in cuff placement on the lower limbs as
opposed to upper limbs as in previous IPC and sviimgmesearch. Therefore, the use of IPC 24h
prior to swimming TT performance should be investiggl with cuffs applied to the upper limbs to
identify if the late phase of IPC can also imprgegformance, as this would have greater practical
application completing the IPC protocol 24h befooenpetition rather than in close proximity to the

start of an athletic event.
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PRACTICAL APPLICATIONS

Despite this study concluding swimming performawas not influenced by IPC applied at 2h or 24h,
there are several practical points of relevanceafglication in sport. These results provide basel
data for the use of IPC in swimming when cuffsapplied to the thighs, identifying that this stpte
had no detrimental effect on physiological respenddost prominently, the combination of previous
research and the current study suggest recommenddtr application of the cuffs to the upper body
to improve swimming performance.
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FIGURESAND TABLES

Figure 1: Change in blood markers from pre-ischemic prettmming (IPC) to post-IPC and Pre-

time trial (TT) to post-TT

Table 1: Performance variables from the swimming timel {180 and 200 m combined) for the three

conditions
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Condition SC 50 SC 100 SR 50 SR 100 Start (s) Turn 50 (s)
(SPM)  (SPM)

Con 19.3+2.4  22.243.2 45.3+8.0 425+7.1 49+14 42+16

ConfidenceInterval 18.1-20.5 20.6-23.8 41.3-49.3 39.0-46.0 4.2-55 -534
IPC-2h 18.8+2.6  21.3+3.2 43.948.1 423+7.4 4.9+1.4 4.2+1.
ConfidenceInterval 17.5-20.0 19.7-22.8 40.1-47.7 38.9-458 4.3-56 -534
IPC-24h 18.4+x2.6  21.1+3.7  43.448.7 42.1+6.3 5.1+1.1 - 4.4+1.7

ConfidenceInterval 17.1-19.7 19.2-23.0 38.9-47.8 38.8-455 4.6-57 -535

*SC50 = stroke count for the first 50 m, SC 100relee count for the second 50 m, SR 50 = stroke
rate for first 50 m, SR 100 = stroke rate for sec60 m, start = time from dive start to first steok

Turn 50 = turn time at 50 m. Confidence intervaigarted at ninety-five-percent.
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