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2+/+.34+D!".IH(-D"1/-!1#BB: 5"?+"7 1?-1H-)%6."17)/"/(+6+1-AID+IP3"!" I( YH-$)+6."1*"!
)TTH(-D*1/-1S+IH/LLA)) "4+, )1+ 1G29!1 (7 )/ (+*+) 1 1-$! "1 > -8B/~ (I\336- 1 *3(+$/"! .+
BH(+/LS!* " 1=+(1". -SHEF"ZA+)<I1-> =1 =) I*4/ =) =L ) I* H-(f5)/+)1D! " 14" >H-1"$!* . IP3*!
13=>H.4" (- A >+(+/LSA 1-$! "1 -67" &= *"1+$+ K] +(1. =) *+/=) 1> "1 &+ (h+6h.H*+*1 = 1 (H/>-!
1+(*h+1-Q!!

1.2.Motivacion

1.3.

HEH "1 A > &+ TE-$ ") HUSLIH+. )1 **1")/"IH(-D"1/-1 ")! " .1+>H.4-1C>64/-1 *$! * .1P3"1) "1
(" AL=SH+B 1% H- () [+ L-SIH+/ - = ;<) LH(H+1H)QIGS! ™)/ 1) /3%h=1P3* 1) "1 (" +. 4]+ H+(+! . +!
>+(+HLSI* " I=4(1" . ~SHEFZ1) 12417 13) 1% "1/ " 1$— . — ; <) S -&+*— (+)1" 1. +113+.1) " IH3"* " !
FHHLH(L =) 1-$- 154" $/= ) +*PBU( =) FB(+$/" 1" 1 (+*=1"$L:$; " $h* (<H=h->0%H1+H- (1> " *§-!
*'!3$+!+*P3%)%1%L$'* )44, A (+H+=4"$/-1%" 1) +) IDIH(-17)+=>4" $/-(!!

Requisitos previos

he* -1+ +HH+$* " Sh+ - 13((I+! S ")/ A>=1+4-AS=1) "= (L2427 ( 1 (70 /(=1 > 14)!
)4+ H)I$I 1>/ 11" P33T/ ->L.3; +(I +H>+(+/LSAH- (| -1p3"1)" I/(+6+7L'1—$!)'4+.')!
H("&H)! 1-((")H-$*K"$/")! +! +! >+(+/L$! ** 1 =+(1".-$+ EFF""ZA H-(! .= /+$/-A +)!1) "4+.7)!
"SH TR TS )T TH(-D L/ 248 )R- S+ LR A+ ) T H- (1" 120" 1/ -(1* "I )R)AL, " * (-1 9->h)!
@->CH!
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2.!

2.1.

INTRODUCCION

JH " U (=14 (= 5 (FSHNG 291 ) IBSIH(-1 " %> $/- 1% " 1> /- (" =1 ™. 1/(=SK) b= L ; K1 -TH+ (+!
(" S0/ CHLAHIMEI+*1" 0L/ (B H(* AL0-$H*+H1-$LA) -/ (+11H-$ ") * " L+) XIS (*$/*)1C>+(+)!
**1>)13.- L+ (R1-0L GH/(*L =) > SH. )T HH(C>"/(=)I D >"*i*+)1 %71 +1)"4+ | G2OM ) "1
"$137$/(+! 3B+ >THpFH (" AL-F x4 1-F1 HIS(T13TFLH *F T ) 1B/ (+11-$")! L+(*<+1H)A
xS SHGH*+1S(" 13" SUH 1+ (F<H L+ IVW@Y! > "*46. " 1" $L+/8* =) H- (I=>H$3/- IV H=>Y(I 43

|

J+! S(*13 L+ 1+(*h+1+ H3™*1 &+(h+(! )*; 8 ) $LT)FF+*") SO+ 1-(H-(+."))!
O"$" (+.>"$/ "M 1-4$14*"11-$! * 1H3.) - =>"*p*-1 *$1 13+.P34" (1H3$/-!H" (SO (k1-1*".1 13" (H-(!
X+ () 1-13H+18-$" ) IP3" h" $ $LAIH- YHEHJ+*1% " 1= 14 ) =S+ (11+=>6%=) 1" $I" ) /+1) -$1™ 1" 7" (1414
SUL-AI" 1) 3" A-AL+1+E) " *+*MH+/ = ; H)A " (O)AL " $/(" 1=/ (+)Q1" 48

|

JH) 44,15 1G201" ) G4) 4G/ Y H. 1 (20 (+(1 1=~ 1+$*-1EL* 1 (=*=)1"$1" IH* 12-1-1"$]
AYF) >34T TN H- (1 L-$)b; 3K S/ M) "TH3™* "1 3)+(1 Sl +1 ") h>+1HLS!*71 +1) 441 %71 4]
S(* 13" SLEHLH(HHHL4QI@" 1" /"> "$/* 1) 124$1% * ) #((-. +*-1$3" &= ) ) H-)/h&-)11->* (Li+.")!
H-(/C/h.")IP3"1)3H-$" $I3SH+&+$1"1/" 1. L ;H1-1"SILL> 1) " IH(+LAL+1*"H- (/A" 3 5)/(+$*- 1D}
")IBEGE S W+ B -1 HIS(" 13" S L L+ (M 11> " IBSHGHRU*3- 1% 3 (+$/" 1) BHLHEI*+ISY L +AI L - >
(14> "G/ 1)31 G2OM IS (+$*-1)=B(* 1+ L-$HHLILSI* "1 +TH® ()= *3(+$/* 1 %1S* ("$/*)!
SH) YT LREEF AR TSI ) /M1 L4) A+ (HLS T 1=+ (1 - $#1* T IEFZ)

Objetivos del proyecto

G.H(U$LH+.1-67" H&-"1*"1")/"IH(-D" 1/-1")1" +SC.H) ) * " I=>+(1+*- (") 11+ (*<+1- A" SIH+(/413.+(!
AL &H(HER X > (W>=1 TH(*1-1 VW@XY! > 3! 5 (BH-! *"1 *"H-(/h)/+)! *3(+$/"! .+!
1->H'"/"$L+! *"1 >+(+/L$! "$! =+(1".-S+! EF"ZA +1 H+(/(! >0 ")/3*4=1 **1 .+ )*4+.]
UUU(-14(4-; (CSHL4! 5 (+6+*%+! 1-8! .1 >-8¥/-(! H-(/C/H.! **1 ™ >+ ;" $" (+14L$! \336-4!
1-$)i*" (+$*-KkS*H1 ") *"IW@X!/ " >H-(+.")IDIS(* 13" $Lh+. " )QH!

2.2.Alcance del proyecto

GS! ™.l +. 148171 ** TH(-D"1/-A ) "L USHLH+! 1-$1 41 1-$&" OILS! *".1 S=(>+/-1 **1 +)1)"4+.)!
" U(-1H(RH- 5 (CSHLA)NG2OY!; (+6+* ) 11-$1" 1> $H/ - (IN336 - 1+13BIS- (>+/-1+* " 13+~ IH+(+!
CH(=17) 40" $/- 1% L 4+1) "4+ TH=)/" (5= 11241 13SIH("TH(-17)+>4"$/-1%"1 +1) "4+.1G29!
(" s/ (F*+IDIH=)/" (= (="$/" 1) 1 2+1" 1 +1-6/"SLHLSI* "1 +1) " (4"1/* >H-(+.1 @@+ H+(/h(1 > ") .+!
* [T TIILSI* "1 4)1-$%4) @1+ +1) "4+.1G 29!

|

HSHE T2 121" ASH/(+* =151 =) 4% )" 1/LHEL-) L A1) " (171 =>H-(+.!@@N ) "1 2+1"1 33!
+$C > "1 ) EHHL ™)/ >H-(+.")IDIS(* 13" Lkt ) * "1 +1 &+ (h+6H. x5 1 (1> 1+(*+1-Al
"$1)" ;> S/ ) I SUB3 - M HHH (LA (1) SH-(+.7)1@@! "SI -$* 1) "1 " &+ 3+(+S!
+B/TYFIL A LH((F (A T SHTPEEF LA L (FATSHAFTEL A7 (HA SES+ K] +$* - A1 1+((F (+1D!
("H=)-AH+(+1 " $1-$/(+(L A (TH(T) "$/+LULS! ; (CORLHI* "1 41" &= LILSI+! ~1+(; =1 "L+ 1+((* (+!
FULLHIEREL T 14,13 4% 1DISKE+, > " $/" 1 3$1+SC.HYE)! ") A ML=1% "1 +) 144G (" L) 1% ™1 L4+
GHHLT L+ 13 %=1+ =LA =P LT (DI S/ ("L )= (" *=(7)IP3TL. " s+ S SLA)IH(E=> " (+)!
H-)H15-$")I(YH 1/-1+1. ) IP3 L. " 5 481" $L4+) fi>+)()!

|

J-)PH/=) I SH, ) TSI ) /T IH(-D* 1/~ 24 1) e~ (4% ) P57 43" (+G% " H 4" §/7 117
J(+6+7-Q0 ™ 5~ $L+137DIm(; CHHLHI* "1, (=" LUELSI"1h+/-)IDIQ+(+$/<+1* " 1h " ("12-)hi; /+.™)!
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VIm, NONNYA )31 =677 /i&-1 ")l +%+H/+(1 41" ;8) +LLS! "YH+d- 1+ +1 S (>+/1&+ "3(=H"+
FUGHBEHH- (1" 1@" 5 4> "$/-19"$" (+.1%"1, (=/"LIILS!* " Ih+/-)N@9 , nYA&H; " $/"1**)*"1* IEC!
H0 >4 Do X T EFT OM 4§51 1= SIS+ 4% TH(=/ " 3 " (45 A H(&A LI+ " LHG /™ 5 (4!
0 G341 SI13SH IS $/-11-$1 1+(/K13.-1"0al* *|. +12-$) W/ BLILSIG)H+4— +)1 ¥
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3.!

ANATOMIA DEL CORAZON

GI1-(+]LS!*)IBSIL(; +$-1P3 H-) " *IH+(***)1>3)13.+(") D) 3ISISLLS! *)16->6"+(1)+$; (*!
113" (H-QI5H"$" 1al 1+&4*+* " NEI+3(<13.+)IDIEI& " $/(<13. - )A** ("12-1 ] P3K" (*-11+*+13$ (!
J-)1&"$/(<L3.-) H (>+$"1"$1 ) "HH(+* =) H-(! 33! /+6HP3" | *"$->I+* 1) "H/3>! -1 /+64P3"!
K$/™ (& $/(H13.+(IDL+)H3(<L34)H™ (>+$" 1" $1) "He (+%4) H-(1=/ (=1 /+64P3"1>C) %" . ; +%-1P3"
) I* S-S+ ) TH/B> /" (+3(H13.+(! - +6HP3 1S/ (+3(H13.+(0 J+) ! +3(<L3.4) H™ (>+$" 1" $!
Y ()X 2)1 &7 $/(<13.-) H-(! 3$+)! &C.&3.4))! G$/("! 4! +3(<13.4! ** ("12+I VRNV D! !
8" $/(<L3.=1*" (*12-WXNY1")/C.+1&C.&3.+1/(K1 Y HI* " IDI" $/(*1.+14+3(<13.+ 1] P34" (*+IVR:YID!"
8" $/(<13.- ] P34" (*=IX:YI")/C).+1&C.&3 . +I>H/(+.01r#!
|

5+$/-1.-)1/+64P3")1 1->-1 +)!1&C.&3.+)! 1-$S-(=>+$! 3$-)1)3(1-) H-(1 AT H+(/" ! *N/" ($+! *".!
I-(+]LSY G/ )C - (4" $/+*=1*"1 >+$" (+1 P3"! . +)1 +3(<13.4) P3"*+$! )t/3+*+)! "I .+ H+(/"!
H-)/" (b= (A .+ H3$/+! *® 1 &" $/(<13.-1VCHN! - IH3$/+'1+(* HLHYAL )/CH. =1+ K] 4%+ " Sl ATH+(/"!
B/ (b= (404 H0$%-) 12+ 11" IPBYS/ -1 " YH+ 1= I/ " (1-)/+. 0L I+ L+ (+1+$/™ (- (%" 11 (+] LS!")/C!
=13H+*+"$N3I>+D- (<HH-(1"1& " $/(<13.=1*" (" 1?2-AIDL AL+ (+H-)/" (H- (H- (1. +) 1+3(<13.+)Q!#!
|
J+)+8; (M&TS-)HIVE T YIS =R (G 4B > - TH- (1L & S+ 1+& S (- (1D +!
&"$HL+&AN)IH (h-(AIP3"1**) ">6-1+$! "L +1+3(<13.+1* " (" 124! " +14+3(<13.+1** (" 12+IH+) +!
+18"$/(<13.-1*" ("1?-H- (1. +1&C.&3.+!/(HL T )HE* " IDI**)H30) ) " 1*h(h; "1+ +1+(/" (HIH3.>-$+(A!
P31 " IHH&I* 1" SIEI(+=>+) IH+(+].. &+ (LA +$; (P> ") -Nk; "$+*+1+1.-)H3. >-F* )M "$I*-$** ') !
-NK; *$+ID1)+. " IH-(L4)1& " $+) IH3. > -$+( ") 1?7+ 1%+ +'+3(<13 +HIH]P3H" (*+Q1 I+ +$; (*1(HL+H TS
H+)+1* "L +143(<13. K] P3H" (*+1+.18" $/(<13.- 1% ]P3 "(*-H- ('.+!&C.&3.+!>%/(+.!P3'!)+.*(C!*'.!
1-(+JLSH-(L A+ (/" (= (A HH (5 +('DI-NE; "$+(1/->-17.113" (H-Al " >H "] +$*-133$!$3" &-!
191 -Qle#t
|
J+'H+( %" 11 (+] LI )/CIS= (>+*+H-(1/ (") 1+H+H)N
HEY&' ()% &+ &+'(, (+*5-. ) B "/ (+/+1* " 135 +Si$+1>" > 6 (+$+P3" 1136 (" 14$/ " (- (=" $/"!
AYVLHEEFH* )L+ (FH+14)Q!
0" 1*&'()%*&+&+'(,(+2.%*(F)!".1>")13. - 11+ (*h+1-QIG)/CIS-(=>+*-IH-(1SK6 (+)1* " 1>")13.-!
) (*-11-$L+HL+H(+1/" () ML+H* 1) " (14S&-. 3B/ +(h-(!
3" 4)*()%*&+ &+'(,(+.5-.)8(/! )! 3B+ >">6(+$+! P3"! "$&3".&"! [-*-1 " 1 1-(+]L$! D! )"!
"1 S
4.)*()%*&+6*7)&8&Y" .+ L1+H+!=>C)! "N/* ($+!DI=>C) ! *3(+Al) " ISh7+!+.1*}+S(+; >+!D!+.!
)" (SLH!
4.)*()%*&+ 8.)&8&S)! .41 ); 34" S/ L+H+! 2+14+! " 14S/" (k- (A! )/C! S-(=>+*-1H-(! °.
H* (hL+(C%-H+(h" /4101 IH ™ (1 +(h-18K) 17 (+.0!
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3.1.

Vena cava
superior

Ventriculo

derecho

Vilvula pulmonar 1

"H$%&'(+,-%./ - &O0#-/)1*1%'.102!'1'3/45'16%4'1")! "]

Cavidades cardiacas

2+*+14+3(<13. 414" S I3S+IH(-. - ; +LULS!*h(h; r+1 2+ Lt * " +$/"IP3 ") "L " 1> $-SHG+1-("73" 4!
*U 334U I HE(T* ") 4)143(<A3.4)1) -$I>C) 1% 5 +%4) IP3 L +) 1% "1 ) 1&"$/(<13.-)M
BTG/ (- (1) " 15— (3481 >7)13.-)  H 1K$" ) IP3™ ) 12+, 4$! " S +) I H(-.-F; +14-$") 1> "1 +)!
+3(13.4)0! G$! ! +3(<13. 4+ *7("124! **)*>6-1+$! 4! &"$+! 1+&+! #$S" (h-(! D! .41 &*$+! 1+&+!
)3H" (b= (AL +H1+3(<13.41%" (124D " 1&"$/(<13.- 1% " ("12-1) "11->3HL+$I+1/(+&0) I* "1 +1&C.&3.+!
J(51 7 HE " 1P 1) /C1S= (> +*+1H- (1351 +$H. .~ ISKB (=)~ ! " $1/— ($-1+.1 - (ASHL4-1+3(413. & $/(413.+(!
+.1 P37 )" Si+$l 3$-)! HA™;3%)1 *70 "$rE-1+(Mh=1 P3"L )" 7))l FTS-SHSH &+.&+)!
+3(413.-&" $/(413.+( ")+l
|

JH) &+ &) HT (S+$7 1" $1 3GH4+) 1 +135+)1 13 (%4)1/"$*4$-)+) I P3*1H-(1)3! +* -1 1-$/(+(4-1) !
ST+$! +1 3+ 1-.3>$+ >3)13.4(1 "$! .+ H+("*1 & $/(H13.4()! G)/-)! >)13.-)1) "I **$->I$+$!
>")13.-)H+HE+(*)IDI3S+& " TIP3™ 1) 11-$/(+ $I-14+)h-$+$1" 114" ((*1* 1. +18C.&3.+1/(H1 Y Hi*"()
RIAD P45 187 $/(<13.-1% " (*12-1")/CL+1&C.&3.+1H3.>-$+ (P3™1")I " IHGHLH- 1% +1+(/" (1+!
H3.>-$+(1) "1*H)/4$; 3" 1 1->-18C.&3.+1) " >4 35+(1H-(1 .+ ("H(") "$/+1HL$!*"1)3) 1 &+.&+)H .4)!
13+, ")) 146 (" $IH- (1 +TH(" YALEI* 1)+ J+1% L +1) 435 ("M)SGI+D3*+1% " 1) 13, ) H+HK+(*) I1$H
")(BLBE)Y " $*i$-)+)lr
|

GPL+HH3(<L3.+HH]PBY" (¥+1% ") *>6-1+$1.+)1&" $+)H3.>-$+(")AP3 1. " &+$1)+$; (" 1-Ni; "$+*+{!
J+143(<13. 4] P34 (<+1D! " 18" $/(<13. 1K P34" (*-1) "1 1->3$H1+$I H-(1 > " *4-1*"1 +18C.83.+]
SH(+.IP3 S 1" 1) >-1%") ">H"4-1P3"1 +18C.&3.+!/(11 " Hi*"(1G.1&" $/(<13.~ 4] P3}" (*-!
F5TSC)HH-$ 1% 71> ") 13, -) H+HE+(7)IDIL3" (%) /" $*4$-)+) IP3" 1= 14)h-$+$1 +1+H" (/3 (+1-!
15" (" 1" 1LH1EC.83. IS H/(+ AT ) H) HE( % ")) =$1>312-1>C)1; (37)4) 1+ 6= 1+IP3" /4" $ " $1P3"!
(L (13$+>4D-(153" (+1* =S/ (FLIILSIH+(+1 >+ +(1 +1)+8; ("TH- (1> "*4-1%"1 +16C.&3.+!
LML 1 3+ 138 1-$+>4"$/-1P3 "1 +18C.83.+1) ">H.35+(() s
$

JH)+$; ("D "IFHG; LA (HIP3 D)+ T - (F]LSH- (L () LTS/ AL 14 114D
+L(ML-1*-$* "1 1+>0%+H* " 1*h(LULSIH+(+1* ") 1+(G + (1A= (+H* ") 17 $* " $/"(15-*-) 1. -) 1&+) -)!
Y S H-(1 A+ HA(/")3H (4= (1 >0 1= (+]LBA! .=)! &"$/(<13.=)! H=)""$! S-(>+! **1 /(4C$;3.-!
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HB& " (/A>T 15=(>+IP3" L4485 (1" $/(+HH-(L =) NI =)L+ (+.7) 1% 1. +164) "H12-1+$11-$!
" 1QO(/KL"ID!) " Ii>HB.)H24 L ) NJ(* =) 1> "% ")

3.2.Sistema de conduccion del corazon

GS$! ™ 11-(+]LS! " NK)/ " $13$+) ISHB(+)1=>3) 13.+(*) ! " )H" L+ K] +%+) H+(+1- (4 45+ (DY (+$) >4/4(1 .
AIF T THCRRELAL )/ DY)/ > 4) TG-S 1> Y/ >4 LK1/ (1 =1 )R/ ">+
1-$*31LLSYG)/+)ISIB(+)!) . =1+ K] +$! " $/(*1.+)ISH6(+)! >3)13.+(") %" I >h=1+(*4-AI 3$+)!) "]
+; (BH+S$! " $135+) 1S (=>+14-$") | (" *-$*+) 1. +>+*=)ISL*3.-)1-1$-*-)IDI-/(+)!) "1+ ; (3H+F!*"!
S—(>+ . 4( 4 1T I*HEE* " $1 "SI SL*3.-1)§$3)+.! DI $L*3.-1 +3(413.-&" $/(H13.+(A * .1 $L*3.-!
)4$3)+.1")/CI36H1+* -1 "BL++3(<L3.+1%* ("1 2+4) "1 +>+1" I>+(1+H+) =) 1*" 11— (+]L$ID+IP3"1")!
FGH 1) Lo (b G LA 1L+ (R L-AIDI* " B - 141+ NE)/ " $L+* " 135+) 19K6 (+) IP3 " 1&+$IH- (1. +!
+3(<13.+D) "/ (+S) U/ 1" L4/ 141 +14+3(<13. 1] P3H" (*+IDI+.ISL*3. - 1+3(413. & " $/(H13.+(("
|

G.ISL*3. - +3(H13.-&" $/(H13.+(1")/CIBBHL-*—1%" Ih)>I> %1 "$1 +14+3(<L3.+1%" (" 12+4738/-!
1 +18C.&3.+1/(HL O YHIF"1"$/(")) 41+3(<L3.+1D! " 18" $/(<13.~(I M6/ $" 1 " Ii=>H3.) -1 ** I$L*3.-!
Yi$3)+.! P3TR4G*—1 )=kl +1 (>=1 §>H3")/=1 H=(! *)/"01 | RI H(( *".1 $L*3.-!
F3(H13.-& $/(H13.4(1) "U(+$) W1 * L+ T H- (1> "= 1% 13$4) ISK6(+) P3* IH" (>+$" 1" $1+1 -
A= FUL HBIP3TL ST (& S/(HL3.4( P3TL )T Xt $-SESH WAL *TT WE)! -1 $4)1<13.-!
+3(413.-&"$/(H13.+(NP3 1) "I (+SHL+SIH- (V=*=1" 1) H") (1% 1. =) 18" $/(<13.-) 1 1-$5- (> +$*-!
AI(THEIFT (T

|

Vena pulmonar derecha

Aorta Venas pulmonares izquierdas
Vena cava superior f_ 0 Auricula izquierda
NODO SA r

Viélvula aértica

NODO AV \ Valva anterior (aértica) | Valvula
HAZ DE HIS — Valva mitral posterior | mitral

Valva anterior RAMA IZQUIERDA

Vélvula Valva septal (medial Mdsculo papllar
tricaspide posterior izquierdo

Valva posterior

RAMA DERECHA

Ventriculo izquierdo
Septo interventricular

Musculo papilar anterior derecho Y /

"#$%&'17)18#,324'102!-/10%--#91102.!-/&" 9!
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4.! ELECTROCARDIOGRAMA

G 1-(+]LS! ") 3BIL(;+$-! >3)13.-)=1*" 1 [+>+4- | +H(-Ni>+*-1 %" 3§ H34-1 %1 +] >+$-H
S3LH-$+.> " $/" 1) " H3 ™" IRUEIFH(1" 11— (+TLSP*" (" 121" ] P3h" (*-A)) 31>~ &> $/-1) " PFhgi* "1
"$IELH" (5-*=)1 P3"1)=$! +1)<)/=. "I DISHC)/=. ") hB(+$/™! 1)) =" "1 1-(+]L$! ) "1 1-$/(+"!
"NH3.)+$*-1 )31 L-$/*$i*—1 %1 )4$; ("4 DI ¥3(+$/*1 41 %C)/-. "1 * 1 1-(+]L$! ) "1 (* 4T+ DI .-)!
87 $/(<13.<)1% (" 12-1" ] P34" (*=1) " IH(" H+(+$IH+(+1.."$+() 1% " 1) 465 (U 2-$1.+1"NH3.)HL$!* !
$376-1 %1 +1)4$; ("1 +. 1SR4 Sl +36-)1 £7$/(<13.)M )" 1->4"$]+! 33! $376-1 141!
L (HL- Q24 HH (5 L - (L3 DB (T TALSL 81 "1/ (L (5 (>

|

RIH")+(1% " 11-$)/+$/ "1 " W Ho (/431715 ") +((-..~IDHE+$L " 1" L) JOLSHLH) 1> " 1%+ ; SL) 11" !
>R T (=L (- (334 7)) 35+ UL )L H(3"6+)! >C)! 3/ME]+F4)! DI 1-$/i$ "+
> 4G/ SH0$*-) " 1" S AL/ JHRYIG T 1 (- 1+ (M- ; (+>+NG2OVIH3 " * " 11-$)i* " (+() *11->-!
TUSHL LX) H(3T6+) ! * Bl +1 P31 )4 B8 S! T ) 3B+ K& )/ +1HLS! P I H (/1S 1
C=>BH/= 1" 1 +1L+ (Mo s <HM) IS/ HLILSI&HSC) . CHDHP3 " 1*)/ 1= GG +HIH(=H—(1h-$+$*-!
3$HUSS—(+LILSIBCYHLHL *. "= " S/ 1iH—(1+$/ I P3*1$-17) 18446, "1 -6/ $" (IH- (1> "1 **1
—J(+! *NH. = (+1ELS0 R**=C)! **1P3*1)31 (" 5]+LHLS! )1 (CHE+1 D1 )" $1H. 41 = 14345 (+=>+1 %" |
(=14 (Mo (44 T)/CIS3T (> S ) RS/ (L A H-6. 4 THLS) S TS (+.11-$1 T >3-
H7| 1> TR 4look

|

A\ Interpretacion y Analisis avanzados

e e

"#$%&'1;)!<.2-3&/-'&0#I$&'=/>/& 37 )!
1 |
Gl ™. 1/(-14(*h=; (+>+1 )1 3$! 5 (CSHL-1 S "1 13+.1) "1 *)/3*H+ B! +)1 &+(h+14-$")1 **1 & /47"
(" LS LB 1" >H-AL-S)E)/ " 1" BI(" )/ (H(1 " SIBSIS— (/- 1+ +H % -+ + L& +%1 %
ALL-(( S/ 0L/ (HL+ P3T ) L) /CI* ") ((—. +$* -1 "Bl " N 1= (+]LS! + -1+ (5 =1 %71 3! /4" >H-!
(S VS-1 )3T INLT (1)L IFL) ™ 5 38%-) V) R)E=H)>-A H3™*"1)* (1 (* ;¥)/(+*+! D!
8) 3+ 1% 1> 45" (+11-$MHS3+ " SIBSI>-$h/- (1) "= "T+$/* 1+13F+IH+G/+. . +1%1/" " GE)HLSA " $!
F_GxTIS3EE "B+, > "B/ ) I3/ H "SI T (+$)H- (/7 )+ S+ (b1 > "1+ K] ++-) D!
"SI 3BHF+E Y 1= (=S ()] =1 * L ABPEHF) LIS/ B)&-)0 T+ +L/&E*+*1 " 01/(H1+! ** .1 1-(+]L$!

llo!
!
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("L s 1T (=1 (R g (+3+]) T1=6) " (81> %X 135113() - IP3 IH(") " $/+1%45" ("$/")!
SGRH)*T T (=L (- (34 P3TL 1-(()H-$*"$! 1-$1 "1 ("1-((F5-1 *71 =) §>H3.)-)!
" OL/(KL=)IH=(1> " *h=1% "1 4) 1S ("$/")1")/(BL/3(+) 1+ 11— (+] LQ1s!

|

G$!" 11 (F]LSIS- (=4 M. +1S( 13" SLH L+ (Hh+1+1%7 6" 1473) /+() "L 4)I$" 1" )pe4% ") )H" 1cSH1+)!
P3" 1 $I3GI* " /" (SUG+*-148)/+$/"1) " IH(" 16) "$HO)/+41+)<I 1->—1 +1S3" (J+ID1+ ST (- "$1 .+
1-$/(+LILSI* 11~ (4TLEM) " 12+, 4B1(* ; 3 4%4) H- (17 1)) /* >+1**11-$*31LHLSIP3* 11-$)/+1* "]
)T TS NH L) 4 (b= (/T S % - 1)E$3) + A7 1$-* - 1+3(413. & $/(413.+(1D!.+!
("%, (ST Qo

4.1.Interpretacion de un electrocardiograma

GI"."U(-14+(%H-; (+=>+1=>3")/(HL->-1L <G+ 3L +1* "S- ShG+*+] B +1H) - *.01/(h1+! -1 .<$*+!
6+)+ AIP3"TH3 " * " 1h* " $MASH1+() ") "$1h. +=>"$/" 1 1->-1 +] <$"+ 2- (K] -$/+.1P3"! *Nu)/* 1 "$/("!
L%+ 4% =L I =)L+ ) L4 (< 1-) IP3 " +$I(TH(™) "S/+*=)1" S 1" " U/(- 1+ (K- ; (+>+1$-(>+.!
H-(1A)1*H& T () 4)! =) L A10-F ") 1> "1+ B +16+)+. 141 >-*-1*"ICH; 3.-)A) " ; >"$/- YAl -$*+)! *!
4$/" (&+.-)! 1-$)M/3D"$*-! 3B+! h=>+; "$! 1+(+1/"()/ML+! P3*1) "I ("Hi/ "1 1-$! 35+! S(" 13" $1h+!
("5 3 AL =LA =T LA T IHAH T 07 T 1 (- 1+ (K- 5 (+> 4100k

|

Primer latido Segundo latido

Linea isoeléctrica

|
"#$%&' @)!A2>82,213'-#91102!0/,1.'3#Q06"-/, -/1,2-%3#B/,1211%1!2.2-3&/- &0#/$& )
I

G (L= (=1 $1) " 12— (5] =$/+.1) "1 (" Sh" (" 1. 5" SH-(+$) L3((H- 1DV +1+/3(+1*$1) " $/*-
8" (VL4118 [+7"IP3"1) " 1" )/CIH(-* 314" $* A LUS L 11 B+*(+% )1 (+$%7) 1" $1) " $/ipe—12- (] -$/+.
"P3&H. N1 S/ 1 +1381) " s 38% (! GSI 3! . " 1/(~ L4 (¥l ; (+>+ $-(>+. 14+ 1->H. "7
1-§)/+1* 13541) 13" SLh+1*" 1S "Ni=$*)IP3" 14+./* ($+$11-$1+1 S +1) = * OL/(HL+].. " &+$*-1+!
TH6-1 1 1/3(H % LHIP3E" (*+ +1 %" (1244 ) "1 %) /453 3 S 1§41 4 "1)" ;> /-1, @M .
1->H."7-1§ @IN".1)" ;> "$/- I 5ID!+1-$*+15set

|
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R
|
|
|
|
|
|
|
|
IntervaloPR | |
=l | | Segmento ST
|
P | | -
— | 1
| |
_— =
\ |
\ |
' Q )
Segmento PR
Intervalo Q1
!
"H$%& | OPH=282132,1/10',102.12.2-3&/-'&0#/$& A
4.1.1.! Onda P

4.1.2.!

4.1.3.!

EF!

G)LAH(> " (+1% S, NELSI 2+ L5+ 1+ ((16+1P3" D) 3(; "1 $I ™1™ " L/(= 1+ (*h- ; (+>+4)315-(>+")!
3+ > "L+ "$/("1 35+ 31DI 3G+ QIS (/i*+)M )3". "I *¥3(+(| E! 13+*(+*-) H*P3"4-)1V$-!
Y3H"(+1 =) FIEC! >XYI D! ("H(*)"$/+! *.1 >->"$/=1 "$I P31 +)! +3(<13.4)! )"! *)/C$!
1-$/(+D" $*- DI $&+S*-1)+$; (7 12414+, =) 18" $/(<13.- )1t

Segmento PR

G ™ (3> =1%" L4+ ™ +15) =" OL/(KL P31 *)/Cl " $/(* 1" 1SS+ 1% " L+1-§%+1 | IDL+1)4; 34" $/"
7S UNKLSA P31 H3™**1 )" (1 2+ 1! +((H6+! VH-)WHEHY! =1 2+ 1h+] +6+7=1 V™ s +/H&+Y! ** |
(=14 (M (P HIRL =LA PRI I (=% L) 43 (<13, 4) T (SHS+EI* 18+ 1+ () "IDY) !
L(H S+ > YHL" " (FLILS! "S! A+ /(+B)SHILE! * "1 AL L-((4"$/"1 . OL/(H1+ Ho (1 > %=1 > |
1= (F]LSHT3) =S/ ) 5™ IGHLE- 11 +11-$/(+LIHLSI* "1 ) 18" $/(<L3. -)(lek+

Complejo QRS

2-((")H-$*"1 1-$! "I H" (¢=*=1 "$1 ".1P3"1 .=)1 &"$/(<13.-)! ) "1 1-$/(+"$! D! "NH3.)+$!)3!
1-$/ $*—1)4$; 3G" (1 2-$)/+1* 1 4) = $*+) FM@!D IA) " 1" S/ASHL+ H-(1) " (1 +H(E>" (+!
S INGLSI S s HAEHH(®) S/ L+ HH (I %*.0) s> /=1, @A /%41 %S, *NIL$! H-)W/i&+! P3" !
FHECTTLHFYHB0) " 1) " 1> "G/, @1 ((*H-$*" 1+ H -G H @M 1->—1)" 1241 1->"$/+*—|
" 120 12-1% 1P3 IS I&DHH(* L *Hx+IH-(13$+1-$*+1J 1$-1")IH+/- L ;K1-0IGS! (" +1ILS!1-$!
31" L= LH(Fh- ; (B> HS- (B4 ALY -$F ) J 1= ((H-$*"$I+13$IH" P3" 4-1/+>+4-1DI) "
P4 ABIH(T) "$/M)) = <1 BILE (4) 1 (4 L=$ " A +1-G*+1@1 ") 16+)/+$/" 18+ (4+6." " $l+./3(+!
HTBIF-LHIP3TTHB ™, T s H(1 +] > TR %) x> TR 1340% (4% -] 24)/+14$1.3) ke &l <! ¢!
13+%(F% )1 (4% ")V A R3(HLILGI* "1/ =% -1 11->H, T- 14" $ " 135+ *3(+ LHLS!+H(-Ni=>+%+!
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**LFAFG! DI FA™! ) DI 38! &- /4771 W1 %1 et XY '$! "L 14)=1 %" T H" ()-$+)! L&"$")!
" Ho (M) IH-$*+ 1) "1-6) " (&1 1->-11-$MSB+IHLSIH(" 1/+1% "1 +1-$*+I@IDI" >Hy "] +!
YRR IHIS/ -1 1P L H -G+ @ ) BISH) *F T L(* LH G/ 1) 12+ 1 T IS +/AGH(IeH 1+

4.1.4.! Segmento ST
G)I" W (+]+*-1* "L 41<E " +18) - *.01/(1+IP3"1*)/CI " $/(" 1" ISkS+.1* L +1-$*+ 1 ID!" 11->4" $] - !
*E AL -$FHI B3 T &AL -1 *T)1TE) - BT ALELS -8 A <BT ) -0/ (LT H3 T *
("H(™) "$/+(MS) 3SHLh " SL+1" I (%" 5 = 1% " 11— (+] LA )H" 1h+.>"$/ " ) hI*412+) 1-) 16 +14-$")!
1-HS2* " BIL-$NS/->+/- . - ; <HIL+(+ 1/ (OML+HIP3 L - ; (" I>+BHS ™) /+ (145" 1/+ 1L S " $1+H- (/!
*U-NG "S-+ - (F]LSQreek +

4.1.5.! Onda T
'L ES)L(H6°! **YH30)! **.1 )" ;> "$/=! I5A 1-$)8)/"! "$! 3B+ **S."NIL$! $-(>+.>"$/"!
H-)H/A&H) 31+ /3(+1) 3% " 1) /+(1"$/(" IEIDIal 13+* (+*-)IH* P3* 4-) D) 31*3(+LHL$!$-1*" 6"
INLT* (1. =) HIV*3(+LALSIHH(=NE>+*+1% *IFAET) D&~ /+7* 1* " IFAEIDIFAL 1> XY(! J+! -$*+1 5]
(CHC )" S/ ) +$/™ 1 $IP3™ 1" 11— (+]LSY) " 1" $13"$/(+ " SI3SIH" (h-*— %" 1(" AT+ LHLSN3S+!
&"JIP3" 1241 "NH3.)+* -1 +1)+$; ("IP3"1) " 1" $1-$/(+6+1"$1.-) 18" $/(<L3.- ) loos

4.2.Derivaciones del electrocardiograma

GP! ™" L/ (=L (%= ; (A A% (R L= $ ") L (L)) = $L T 1 (" 5 H) /(=17 A1 ("L >
He/*$ 1. ") *.0L/(HL=) ! *$/ (" ETH3S/- )61 $1) "+ *$/(*1E!* . * 1/(=*=) 1\ * (48+THL$! BH~ .+ (11 -
"$/("I3SIH3S/ - 1&H(/3+.IDI3I" " 1/(=* - V% " (H&+ LHLSIBBHH -+ (Y2471 (R&+1HLS!")IBSIL (/" (h-!
ST (/T Ix T ISH)> 1) >3, -1 OL/(HL-A " SI* T H $* T ST * T IH 4G 01/(H1-1 %" 1 1-(+] LS
P3* (" H)/("$A ) THB > 1 (* sH)/(H(1 %" (48 1H-$") %1 ) NI(* >H4%") I VH.+$-1 S(=$/+.11 D!
** (81537 Y IH(" 1= (Fb. ") VH.+$-12— (K] ~$/+.YOhe

4.2.1.! Derivaciones de las extremidades (plano frontal)
B0 )5 S-ShSH > ")+ S (4! +L )V > (& 1h-$" ) * "1 "1/ (- 1+(*h-; (+=>+ P3"1) !
=BT I LY L (=* =) ISR SL AN/ (T SHE AT /) T (08 18-S ") 11-$/ (463D " $!
)L (-1+(FK- 5 (CSHL-) 1% " IH.+$-1S(-$/+.ID!) " 11 +)HShL1+$! " $1* * (h&+1%-$" ) 16%H-.+(")!
DI** (#&+1%-$")13BHH-. +( " )Qrad

4.2.1.1.Derivaciones bipolares
I-$! . +)! * (1 1H-$")! T+(*h+L+)! [(+*HLh-F+. 7)1 **.0 " " 1/(-1+(*h-; (+=>+A0 ("5 0)/(+! 4!
ST (PLHI* T IH-/" S+ TS/ (B! L (= F =) L= LR R ) BN (T SR ) RS T (T B/ ) Qe
+
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AVR AVL
~ | o
I i 71N
P
.
AVF

+
" #$%&'E)! D2&#B"-#/12,102!12F3& 24#(BRAHBBHI2! <#136/B2T5H

OMFHS™ (*SLHI**IH-/"$ L+ 1 $/(*1* 16(+] 1" (*12-1DI6(+]- W] P3b* (*-A1)31&" 1/~ (1*)/C!
"$IFH(" LIHL S+

QOIXIS" (" $LHH* " IH-/"$14+.1"$/("16(+]-1** (" 12-IDIHE* ($+K]P3H" (*+1)31&" 1/~ (1")/C!
"SIFH(" LIS gAY

QOTMHS™ (" SLH+1*" IH-/" $1h+.1"$/(*16(+] -] P34 (*+DIHE" ($+K]P3H" (*+4) 318" 1/~ (1")/C!
"I LIS EFA!

4.2.1.1.1.! Triangulo y ley de Einthoven

JH)! 1 *" (18 1E-$")! BhH-.+(")! 1-$S-(=+3! ".! /(1C$;3.-! *"! GHS/?2-& Bl *)/+)!
** (18414-$")+.6" (; +$13S+H(-H-(LHLS!=>+/">CHL+1("S. " T+*+1"$L+1. " DI* " IGk$/?7-&" $!
P3*I*41*N
!

$$% $& $$$
!
G)/+1."DI™)I* "1 (818" $/+T+1 13+$*-1) 1S/ (H("/+13B! *. " L/(-1+(*%- ; (+=>+AH" (=W
T (SESH(ORL )T L (SF) L) N/ SRR ) IHT (>+$ 1 $16% ! 1- . - 14+%-) 1D+
P3"1)) 1 &+(<H! AT H-)RLRLS! * "1 *)/=)1*)/+1."DI$-1) "1 I3>H.h(<+A! (+/4SH1+$*-1P3 "1 "]
T U (1K= (3= [Cl>+ (] - (e

4.2.1.2.Derivaciones unipolares
JH)* " (HEH+LH-$" ) IBBHH- .+ (") LA) N/ (" SH+* ") (" 5 0)/(+$! A1 *4S" (TS LUt * " TH-/" $Lh+.!
"$/("13BIHIS/ -/ TL (LTS LTS/ (-1 (HCH; 3. -1 < T I G/ - & T BAL 1-B &t - (1T IFID! 7
FUU(EDELLER N/ (S H (SRS -1 1-$-17 (1 H-/" S+ +6) - .3/ T $ *h1 -
U0 RE YA (& ALE-$)! "SB! 3B H(EBLEHK-1) "L T+ $-SHSL! X @A X J! D! X8A!
Yh; BASHL+$*-1 41 XD & 1/-(A @! *"("12+! V(%; 2/YAL 3! K]P3%T (*<+! V. "S/YAL 8! HE"1 VS®®/Y(!

EE!

;3 +=>"$/"1)"1+; (7 ; LL+IRIP3")h; $iSHL+!1+=>H.KSh1+*+(led +
|

5l Ho/" St 146 - 3/-1%" 16(+] =% ("12-A)3I& " L/~(1")/C!"$IH(* LKL SH+IF"CF#!
5=l H-/"$1+146) - 3/ 1% 16(+] -] P34" (*-A)31&" 1/~(1" )/CI"$I*h(* LIELSI+1FI F4!
51 H-/" S 146) - 3/-1%" L+IHE" ($+I] P34 (*<+4) 318" 1/~ (17)/CI" $I*4(* L1HLSH+pFH!
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4.2.2.! Derivaciones precordiales (plano horizontal)

JH) > (&ALE-$")! H("L1-(FH+. ") *m0 L (-1 (K- (+>+ )T KRGE*TS! TS gl )-$!
* (b8 1%-$")! 3BH-.+(")! D! (" ;0)/(+$! "V H-/"$Lh+.! +6)-.3/-! *".1 H3$/-! *-$**1 *)/C!
H-)hLh=$+>=1 "0 " " 1/(=*=1 *" 1 SH>-1 $->6(")! I-$! .+)! >"T-(")! *" (h&+1%-$")! *".!
U1 (B HA (R (SES (LAY T (F1E-F )& B/ (<13, -1 P3 T (A ) -6( 7!
xR ) HA(T ) S/ (0= (VDY H-)/T (- (0 G UL LT L (- 1K= (+>H S (>4 TS L)
* (A Lh-F ") H("L-(Fh+. AL )L-SH. =) J @) -$!1$" ; +/4&- ) " $L+) 1 * (& + 1H-$ )1 X"
DIXE!D!H-)#/4&-)1*"1Xal+! X g(!e4

P T, (/'.'l_ 4 /'_\'__ _}.‘/’AL _.“-""--

e Bl !

"#$%&'1H)!\D2&#B'-#/12,1>&2-/&0#74, )

AL L= H=/" ST )T ) 143(<13.4) 1 "SI /+BEP3 T ID! TS+ HH (" <148/ (k- (!
** 18" $/(<13.- 1" ("12-0G.I1->H. T- 1§ @N(TH(") " $/+13$+1-$*+I@IH"P3" 4+1) " ; 3j++!
** 35 +-$*+ 1 IH(-S3$*+)

0F 1% L(=*=1) 13GHLH " SLE 41X+ (" *1 S/ (H13.4(1 " (" 12+ H- (! .~1P3"] 4!
—G*41@1")I>4D-(IP3" I SIXH) " ; 34157 135 +1-$*+ IH(-S3$*+{)

311 *TURHLILS! /(+S)LE-$+. "$/(") H-/"$1h+. ") FJP3HT(*-)! DI *T(*12-)! **
TUL(-1(h-; (#3>4+1 DL OP3TL T L(=*-1 )T T$13T$I(+ )-6("1 T ) THI-!
K/ (& $/(H13.+(Q1I+H-$+1@ID 1) 3. " $1) " (1) +(*)0!

20 1T T (=F=R )R (G THLS! *)/CT)-B(" LTI CHYNI*" 1 & $/(<13. -1 K] P3K" (*-!
*_$*T)31; (=)= (1) 1> +D- ((IH-$*H@!" ) H(-S3$*+1) " ; 3i*+1% " 13§ +1-$*+1 1 H* P34+
{@+A+B)CEH 3R )= 6(*1* I h-TH(Fh-1%" 1§ $/(<13.- K] P3H" (£-1 " $I*-$**1" |
S(=)=(1 )= "S- (1= HH(E*- 1+ 41" (18 THL$! Xl I+ -$*+1 @1 ") >C) 1H" P3" 4+1P3"!

Ell
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5. FRECUENCIA CARDIACA

JHIS(" 13" SUHLH(KhHL+1) L 41> "* 1% 16> (1% 11-$/(+114-$" ) H-(1>4$3/-IP3"I"T" 13/+!
"= (FILSIHH(H6->6"+(1)+$; ("MH" (S $*-1".18.37-1%"1")[+1H-(1".D)§)/* >+11H(13.+/ (40!
G)13S+ > 1 4) &+ (1+6.") SC)! *)/3**+)1 *$1 .1 *7* (LhLh-A -6) " (&+$*-1)3! (" +16LS! 1-$! .+
("FZLLILG! 1" 143> " §/=1% "1 +19(" 13" L+ L+ (Fh+ L+ $I(*H-)-IDI " $I¥IS™ ("$/7) S/ " )-+*)!
1T (LHLE-0) G+ &+ (6. " HB ™ * " LHS*HLH(1 ™1 5 (#% =1 %" L+ H/+ THLS! %1 3§+ H* ()-$+! +.]
"$/("$HH"S/-A +)<! 1->-1)31 L-$HHIHLS! SOLH DI 41 >-$h/- (F+1HLS! * 1 4TS/ " $)b+%1 %7 |
"7 (LRLE=AL TS =A (=)0, +(H Gk BH(LAIS( 13" SLEH L+ (i 1+ NE)/ " SIS (“$/ ) IS+1/~(")IP3"
AEST1/+BU4$/-1"$I("H-) 1= 1*B(+$/ "L+ LRI +*ISRLHA Y™ $*-17)+)M]
|

Variaciones diarias: .+! S("13"$1+! 1+(*k+1+! H(") "$/+! &+(H+1%-$")! *<+! +1 *<HAl
—6)" (8+E* -1 (HHLE-$ ") 4. ("F o (X 1% ) 113/ (=] 4/ =) H- (143 =1 +.1> 41 +!
§("13" L+ "SI 1-SHHLI-$" ) 1-$/(-.++)1"$IBS+H" () -$HIFB(+$/ " *c+)1)31" )8~ )]
Hora del dia: +15(* 13" SLHH(") " S8+ (H1E-$") F3(+S/" 17 I<cHll)§*$ 1> "$— (IH(
A1>+4+$+DI>+D- (1H- (L +/+(*"(

Hidratacion: 13+$*-! 3§+ H* ()-$+! ")/Cl %) 24 (+/+%+] H(*)"$/+1 35+ 5(* 13" $1i+
LH(HELH SC) 1 S HEL(" > "$/=1% 71 +1S("13" G105+ ") /O (" +Lh-$4*—IH-) /48> "$/"!
1-$!" IGH& ™ 1% " 1% ) 2> (+/+1HLS.

Altitud: +15(* 13" ST 1+ (b 1HIS1(" > $/HL3+*-1) 1"+ 5] +17T" (142417 $1+./3 (11
Medicacion: +)1&+(b+1i-$") 1%L +1S(" 13" SLH+ 1% *HT §* "SI I/iH-1%"1> %4> $/-|
DL +1%-YE)1)3>4$8)/(+++)

"#$9%6&.11)1"82-%21-#'1- &0# - J4

5.1. Respuesta global del corazon al ejercicio

JHISLH-$+ e+ *T Lo (K141 ¥3(+$/71 ™1 *T" (LHLH=1 "NH™ (5" $/+1 3$+1) 13" $15+1 %1 1+>64-)!
H(>- (%5, ) IP3™ ) TTH3 "SI 1-$L("/+(1"$1 143> "$/=1 %" 15 4) /= 1+ (LAl 4] LG/ +1 %7
Y485 (1-Nb; "SH+IP3TI* YR 1T 187 $/(<L3.~ ] P3H" (*=1) "I ("HH (/" IH-(/=*=1" 1= (; 43 >-1"$!
BBISUEB/-IV; +)/-IL+ (S 1-Y14+33> "G I+ BYB*I%T 143> "/ 1% 17) /" |5 4) /- I%"H $* 1% 7]
"$I( =/(=) SHL/=()! A >+ >B) LB AR AU/ SY R * LT (L] DY LHH LR x )
1-(FJLSI* "> H.b (1" 18- 3> "$)H)/L KL-l!

5.2.Variabilidad del ritmo cardiaco
J+! & (HHEREx+* * " 1 (H/>=1 L+(¥H+1-1 )" -6/ S+ H+(M( *"! . -) 4$/" (&+.-)! @F@! P3"!)"!
"NH(")+$!3)3+.=>"$/" 1" $I=>h.4) " ; 3§*-)1*"1/h* SH-1"$/("|.+/f*-ID! +/i*-Q1G.I4$S&" () -1*"1")/"!
H+(C=>"/(-A*"6¥*+=>"$/"1 ") L+ +*-AL("H(") "$/+! . +IS(" 13" $Lh+! 1+(*H+1+IP3*1) "1)3". "1 =>"*Y(!

Eal
!
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Ec!

"$IH3.)+LE-$7)! Ho( S4$3/-Q1 , 37**1-6)"(&+()"! *$! 4! SH; 3(+! p! .1 4$/* (&+.-! @F@! *$! 3$)!
(=14 (Mo (PB4 CIS- (= IH- (1 1= H. =L @ IA T >H-1"$/(").-) IHiL-)!
@N)1* WS/ (&+.—1@F@! " $/(" 1 =)L +/*=)11-$) " 13/1&=)(!e# !

!

B R-R Interval B
| pad !

L
Qg |
15968, 10)IK'8# L# #0'0102.18434/1- &0# -IMI#1328 B AAA)

G)/™1 &+.—(! *NH(")+*-! "$! >h.K) " ; 3F*-) L hS*hL+! .+ (" +LHLS! ** .1 1-(+]LS! 1-! *.1)h)/ " >+!
$7(&H-)-! +3/L$-=>-! "SL+(+*=1 *"1 241" (144! "1 1-(+]L$Y R! =>"*px+! P31 +3>"$/+! .+!
S("13"SLHIL+(*h+1+!" H$/* (&+.-1@F@!*H) >4$3D " ID+!IP3"AIH- (13$+!** >+F*+1; *$* (+*+IH- (1. +!
U/ B)x+*1 %" 1S3 (]-A "1 1-(+]LS! A4/ =C)! (CHE*=ID! " 1 /4" >H-1 "$/( " 1+*+! +/5*-1)"(C!
=>"$- Q1!

|

GP!I="*HLU$+1* "H- (H&HAN) " 1241 1-F) > " (+* =17 [ L+ &+ (HHOR. I +*1% " 1/ > =11 +(*<H1-AI> " ** -]
HHA(( > S (BRI 4* > " 14/ " (&+.-! @F@A! HH(+! "&+. 3+(1 A1 +*+H/+LHLS! **.1 )h)/" >+!
$"(&4-)-1+3/LS-=>-1+1%4S" (*$/")1")$3" (]-)1SO)UL-) h=>H 4L +*-) /+$/-1 " $1+IS- (>+1HL$11->-!
"$LH1->H"MLELSN!
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6.!

6.1

Eg!

SISTEMAS Y METODOS DE ANALISIS DEL RITMO CARDIACO

0G.IHSC YY1 L+ &+ (.41 +1S(* 13" SLH L+ (*h+L+VW@X Y L-$)H)/" 1 "$I3+1) " (571"

16-$") " 18+ (1 1h-$ ) ) 317 YH&+) P+ * /" (&+.~1@@1* "1~ *$I)i$3)+.IP3* H(-H-(Li-$+$!
HES—(>+1HLSN)-6(" 1" 1/~ $-1+3/-SL>HL-QNES™ ("$/*)IS+1/~ (") 1SE)k-.L s H1-)IH3 " ** SI$S. 34(!" $!
" IW@XI1-> 1" 1) N=AL A5 +1( Y HE(+TELSIDL +IH-)HLILS!** 113" (H-A1"$/ (" 1~/ (=) oI GS$!
PPN 3S! 5 (SH-1%T L/ (+6+T-1%" L 41 L= 14" *+*IG3(—H 1% "1 24+(*4-. = s HIVG 1 2YID! 41 I - 14" *4%]
\-(/'+>'(%1+$+I* | G)/i=>3.+14L$! D! G. 1/( SH)h-.— ;< YR, GY! *"SKSHL! D! *)/+6." 14L!
$(5) 1% 1> ST SAIS/" (H(* HHLILSISE)I-. L s HL+DIB) -1 1 <GHL-1%* IW@X(LI-)! H (C>"/(-)!
')/C$*+(!3/%.%]+*—)'1 Si1+>"$/"1?-DI" $'*<+') S$1.=)KGHHLTY B e SEB- 1 1 >H-A )]
CEFHLTYI MBI oSG 41S(" 13" SLHHDLAHNESCSHLHS(+L/+. 1% IW@X(!

Indices temporales

B 1<) 1+>6-)! "SI +1S(* 13" $LhH L+ (*h+1+1+] =1 +(5 =1 L >H-1=1 ) H$/" (&+.-)! " $/("!
THL. ) L4 1-)1$=(3+.7)1) 317 )i&=)0! REH+(/6(1 > " 138! (7 ;8)/(<1 G291 1-$/4$3-A1) "1 %7 /" 1/+!
L+%+1->H. " T-1§ @ 1ID!) " 1**/* (S4$+$L.- ) U$/ " (&+.-)|@F@!S-(>+. ") VHS/ " (&+.-) N\ YAI* " 6!
+H*F) H- A (H]+18-$)! )E$3)+. ")) T <EHULTY! ") /+FQ ML) TS RSB <t T >H-1) "
FHREFTS! "SI F ) 1+ ;- (<HAIP3TIESL.3D B! ) HB/ " (&t )L AF-T 4L Afx -1 +) &H(H46.7)!
*T (AR T YUUG/ " (8t =1 =1 * 1 41 8(" 13" S+ 1+(M 1+ 4$)/+$/CS"+1 DI =) U/ " (&+.-)!
(A * =) P L) PRHS ™ (" SLHH) " /(" B/ " (&+. - )N NH*D+L1$/ ")) =) H+(C> /(=) * " L+H(> " (+!
14 ;=(<+D)=$!Th\\AThR\\ID!Lh!DL-) "1 +1) " ; 3$*+11+/* ; - (<+))-$!@B 1 I h!D!, \\.cF{!

4#$

A

. o

é 1004 4 /‘; H

] ULE

; ﬂ

E ‘”j\w wa(ﬂ | ﬁ

: ™ "1
_ Wl ' | ! '

nnuuumnuwnzlnnc12)43551010
B Time of Day

"#$%&'|(N)'K'&#'-#91102.1#132&B"./IAAI02!7 @%1&!,)

GSL-)IHH(C="/(-)1**LAHES " (+114/7 ;= (<A " LERNNT )41 ") S+ 1EL ! " )/CE*+(1* "1 /-*-)!
S)VES " (&) @F@! $-(=+.7)0 G)! B! <FFLT! -6+ *TIW@X! P33T ("S. T+ /-*-)1 )]
1->H-$"$/")141.4+(; - IH.+]-IDL-) (/=) 124 (1 +*4+$-)IP3"1) -$! 1+=>64-) 1<) §1-)Al=>"$/+.") D!
1-$*31/3+.7)IP3"N)h; 3"$I3$1LH1. - * " IEQl?-(+)!(")H-$)+6. ") * " L +1&+(k+6H. b +*1"$I" IH " (h-*-!
D/ (UG TRRNNIT)IBSIEHHL 1%L+ &+ (HHOH. Ix+*1% L +1>"* 1% "] ) I$/® (&+.-)!1*"Ic!
>i$3/-)1*3(+$/"IEal?- (+)AIH(-H-(14-$+H$S- (>+1LS!+1.+(; - 1H.+]-1D! ") 1I3BK$*41" 1) " $)46. *!
+ 4)16+7+)!15(713" $1%+)l1 >-1 +H +H1A&E*+*! SORLHAl =) 1+>6%-)! * "I H-)#1kL$! D! *.! (W/>-!
TH(L+*$-0!, - (1 SA=>=-A" IR LHS "X x4 ) L) 12 7) &+ 15-$) 1) /CE*+(1* I >H$3/-)!
LS/ (8. -)@F@!IS-(3+. M (S TTHL ) IL+>60-) FE3($-) - 18- 1/3($-) 1> . Iw@X()Is! ' !
SNHHCS ()LD " 38* 4114+ - (<+1 . 1@B T Hh!ID! " . IH\\CF!)-$!.-)!H+(C>"/(-)!=>C)!
1-=>38$")16+)+*=)1 "L +)I*4S" (" SLI+) I * " 1HS/" (&+.-A *)/+)1 =>"*41%-$*) 1-((*)H-$*"$! +!.-)!
14>68-)1 +1 1-(/-THA]-1 > T W@X! D $-1 **H*$* Sl **1 +)! &+(ht14-$")! *<+! DI $-17*(! G$!
1->H+(+LLS!I1-$! HIHNN\CFIP3" 114,13+ " IH- (1" $/+7" 1> " 1¥4S" ("$14+) 1" $/ (" 14/ * (&+.-) | @f@!
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Y317 )i&=) 1 —14(; =% IEQI?—(+)IP3" ) —$I>+D—(*)1**ICFI=> )AL +1@B 1 1 h!*)1>C)!*)/+6. " ID!
"YH(TS (4 TH(H1713) 1 LCBHL-AL T+, 1341 (A< L3+* (454157141 T Ix ] ) I4S™ (S04 ) 1+
13+%(+*=1"$/(" S/ (&+.-)|@@!) 31" )1&=) 1*3(+$/ " IEQI?- (+)(loslrs

J-)H+(C>"/(=) 1= KE*HL) /" >Ho(+.  YBMET+*-) " $I7 )/ " Y(+6+7-1) " 1>3")/(+$1"$1. +15+6.+1"7(!
I

o MW demd

uuuuunnuumnnnou1;45 T8
Time of Day
"#$%&'\(()!D2,B#'-#9112,3?10'&!02!7@'6/&','02!3/0/,!./,1#132&B' /'AA'l/&@‘ﬁ)

Standard Deviation
(ms)
e g g3
1 1 1

=
-

CB™3I@@ 00 =) Gttt (0
ee ) ._))! (S (&)1 0 % f_( .

@@

Th\\ ! G)! .+ *")&H+1HLS!

g '))/Cg*+(!)*'+! -)! Y o1 (( 2,

i/ (&+.-)!@Q! Y +13

Bllh >)! G) .+ +]!

’ ) 132+*(+*+! (*<'].! @ %! *To( rasl (( 2,

T 0

H(->"*4-1 %1 4)! +13

45" ("SL)! " $/(!
i$/" (&+.-)!@@!

O'L.'1()!P10#-2,1324>/&'.2,1%,'0/,12112.1>&/G2-3/)!

6.2.Indices frecuenciales

EZ!

N1 4) =) 1E+16-$" ) IH (LML) 1" +1) " 44 171 +1S(" 13" $1h+1 L+ (M 141 ") 1->H3 ") /4!
"SIXHS" ("$/")1S(" 13" $14+) DI+ >H.H/3* WIDIH(-H-(Lh-$+ 1SS (>+THLSN) -6 ("1 +1 1+$/h+*1%"
YU/ SYr++1 (7 A/ ST (W= -1 )ES3)+1F T 1 1= (+FTLSU G.I+$C. N Y L/(+.1 %" IH-/" S+
H3™ %" (" + H]+0) " 1" 1% =) 48" ()0 JH H(E> " (4> "*5+$/"1 331 >0/=*-1 $-! H+(+>0/(41-4! .+!
I(+$)S-(>+1HLS! (CHI*+1* " 18-3(4" (IV885YAIP3" 1) "1 1+(+1/* (] +1H- (1 HEL=) I *8) L(*/=) 1H+(+1.-)!
&' ()-) 1->H-$"$/") 1% " 1S(* 13" SLIHID! . +1) " ; 3* 41> " *h+$/ " 1351 >0/~ %~ I H+(+>0/ (141 .+
Y+ * "1 3G > %" 1 43/-1 (" ("YH&-A P31 ¥+ 1->-1 () 3./+*-13$! )H"1/(~1)3+&"1 D!
1-$/HS3-1%" 1 +1+1/KI+*( B $/(+)IP3" 1. +18851")13$1>0/-*-1) "$14. . DI (CHI*-Al" .1 >0/-*-!
H+(+>0/(%1—!')!>C)!1—>H. "7

G. I+$c DL YHTL/(HD) (] HE T A S) i YL+ > H=/ "S5+ Y, ThY()
(T8 2) ST (&+.-)! @F@! )T H(=17)+$! H(+ )3)/(+*(1 )3! &+.~(! >"*=1 DI )
(">3")/("+$HIBSHS(" 13 ST T I>37) /(" P AWA* YHI0) * L+ 1S/ (H- .+ LHLSIL-$D)H.I$")!
1 BHL-JHL-I" IS I* " 16/ 5" (PF+/=) 13" )/(*+%-)BHIS— (> > "$/*PRIH+(MH(**17)/* 1" )H* 1/(~!
R IH- /TSI TTHIT %" 124, 4L A H=/" S1E+TH(=> "= 1% T 148" ()4) 1648 %4) 1% "15(* 13" $14+1P3"!
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8A$I% " IFLHIFACIW] I DIH3™ * " S 1 +)KSHL+() "1 "SI L3+/(= 6+$*4)N +16+$*+1%715("13" $14+13./(+
BHTHVAEIBYI" $I* (+$; - tFINIFQFE TUIWAL H16+$%+1% " 15(* 13" 14+ >3DI6+1+IVX IBYI* 1 (+5 ; -
tFOFF LIFIFQFauIWAL +16+$%+1% " 15(* 13" $1H+16+7+VIBYA(+$ ; - tFIFaln!F)" CUlW] DL +16+§*+1% )
S(* 13" $LitHH+.+IVWBYI*"1(+$; ItF)"" cInIFjau!W](io!

|

I (/) XY (7)1 S H-(+.7)! @F@! **1 1-(/+! *3(+15LS! VH-(! "7">H.-Al ¢! >H$1 )*!
T+(+1/" (] +#$IH-(1 41 "8+ 3+TILSI*" 1 1->H-$"$/") ! " $1+)16+$*+)1 XIS WS!ID! I8N >4 $/(+)!
P31 o)I(" 8)/(=) %" L+ (; +*3(+ ILSIVKHIL+> "$/ " IEal?- (+) YIS L. 30" $13$! 1->H-$"$/* 1% 8!
FETSCYRTL ) Y(*) 1> " SLI-$+F-) S/ (5-(>"$/ 01T +) H-/* $1+) . IBIDIWEIH " ** $I*NH(")+() !
"$18+.~(*)146)-.3/-)IV5 6 Y11 "$1&+.~(*)1$-(>+K]+*-) VSV J+! $-(>+ K] +1HL$! **1 IID!
W) ™1 (*+ ] (*)+$* -1 * 1 1-SH-$"$/*I XIBI**1 +1H-/"$Lh! [~/+.01 B4 $* "1 +1 (“*314(1 .-)!
"Gr /=) R (BF 1% G4 +)1>CP3IGH) DI UG +(1.-)1 S /=) 1% "1 2) 1 1+>6H-)1 " $1 4!
Hel" ST =417 $1 =) 1= >H-$" /") " 1IIDIWEQII+) BSHH+% ) 1§ (+ K] +54)1) " 1-6/4" "SI+
Ah; 30 $/ T I>+$T (+)

|

78'9"8 '+9:5 '0+<2 78'9°8 ‘56 2 'E3FF
: ' ’=9>7+@AB>B® 6 21 D786 6 2

|

JHH="SLH~[4.15" L&+ (B4 Ie41%" I/ (&4, -1@F@! ") +&+ (S +1/=/+.IDIL-((")H-$*" 1+
A3 H* 1) 1134+/(-16+$%4)1 " )H" 1/(+.") IV IBHWSH #I8IDI X I8! G.! 1->H-$"$/"IW8!) !
GG 1> 13 > 4L (1%L > *B A THLGIEH 3+ A ")/ " 1L=>H-$"$/"1")/CL> "> IH— (1. +!
("YHE(HLELS! DI *)/C > /" (ShS+* -1 H-(1 41 S(* 13 S+ (")HI(+/- (140! G.! 1->H-$"$/"1 I8! *)/C!
>3 4% -1 4§/ H=(1 1 )E)/ ">+ $" (&-) =) JEHCL-1 DI H-(1 *.1 H (+)§=>HCL-A! (*S. "7+ 3$+!
> LA > +>6+) S/ (&S 1-$7) +3/-$L>HL+))! G 1-15"$/*1 ISWS! (*5.* T+ *.1 *P3h.46(h-!
 —6+  ESHCHL-18+ 5 +. I DIH3 ™" 13/ ] +() " 1->—1 = "**41%*1*)/*1 * P34 46 (4-0! G$! 3$!+*3./-!
$-(>+.0 S L-$FHL4-F" )1 > ("H=)=AL A (" ALHLS! )37 T)/+( T $/(*1 I DYE] I8! DIXJI8!)-$!
1->H-$"$/*) " WH* 1/(+. ") 1-$1-) 1. +15-$" ) > 3DIG+T+ A" 11->H-$* $/* EISIH-*(cH(*S. *T+("
(/=) TH(L+*5+$-)IDI$*3(="$*~1(5$-) D! " 1 1->H-$" $/ X IBI(H/> =) 1% 1 +(5 =IH* (§=*~(1o#!
|

R.LT&+.3+(11$/" (&+. =) @F@! *"1)" ;>"$/=)1 %1 Cl S *3(+$/"1 4)IXIS" ("$/")! "/+H+)1 %1 41
TH((" (H1% 1>+ (HLSAL ) IKGHHLT)IB/ K]+ -) 117/ " (+6+T-1)=$1.=) H(") "$/+*-) 1" $1.+15+6..+!
E(!

|
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Frequency (Hz)

|
"#$%&'1(7)!Q/4>/12132,12,>2-3&'.2,102!>/321-#102!.",13&2,1L'10',102!=&2-%D1L#)
1

J8 56" ,-["$1! T$ 1 FGH1 'FGI !
(+$;-! J8! V6+T+!
S("13" $1i+Y!
J83%-(>+. $3! ,—/"$1+! J8! "3 f
3P*+*")!
$-(>+.4]+*+)!
w8 56" , =" gt FGl 1 FE:J "'
(+$;-! wa! V+./+!
S("13"$1i+!
W8$-(>+. $3! ,—/"$1+! W8! "$! f
3P*+*")!
$-(>+.4]+*+)!
J8vwW8 w! @".+1%-9! J8! f
V5 6' WIW8IV5 6'Y!
O'L.'7)IP10#-2,!=82-%21-#.2,1%,'0/,12112.1>&/G2-3/)!

Dinamica fractal del HRV

JH)N)"4+.)@f@!"$!)37"/-))+$-)18.31/ +$1* " IS~ (>+11->H. "T+11-$I13!IH+/(LS!$-13$4S- (=>"!
P3"1) "1 241 +)-1h+*-1 1-$! 3! 1->H-(/+=>4"$/-1 S(+1/+.1H-(P3" ! >3")/(+!5.31/3+14-$")! +3/-!
Yi=>ho+(T)! TSRS (TS LRS! < A YL+ A /T SH-(+.00 I >0/(HL+)! S(+1/+.T)! HICS!
(" ALE=-$+*+)11-$H(-1")-)11->H. "T-) DI+ (+1/* () /rL+) > " 11 - (" +LILS!* " L +1*<HSCSHL+* "1+
S("13"$LhH! L+(*h+L1+0! J+) H(-HE"* 4% ) ** 11— ((" . +LHLS! S(+1/+.1) " Sk (- >"*h+$/"1 *
"NH-$"$/"1*"1") 1+ +A16+) +*=1"$I" 1+ $C. ) k) 1* "1S. 31/3+LULS!* " 1**/(h=>"$/-Wh BRY!I* "1 +1) "4+
@f@Q'G)/+!/OLBHL+IH (/L +1** /" LIHLS! *"1S.31/3+1%-F" ) 1 +3/-1 ) h=>h.+( ") 14 1. 3k*+) ! "$! 3$+!
) O /TSH-() HA (TS >SS YA LE-SH(H 1->-1 o+ ) 4+ @F@! D! H(-H-(1h-$+!



UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH !

H(=Hi 5" ) 15" 1= (A TILSIS(HL/+ 1L (/- THA = 1% L+ SO HL4 P 1419 13" S1+1 1+ (Fh 14
G.KG*HL™ 1) 11+ 13, LI IH+ (H(1% " 1.4)19.31/3+14-$ ) 1= (4 45+, ) 1% 1§/ (&t -1@F@H+11-(/-H.+] -
Valnl™™™ L4+ YA (>3 )/(" —AH" (=1) "1 %L $I63) 1+ 14 (/" S+1/-) IDL.+/4% =) IH(* >+/3(-)!
3K * 1+ OLBHL+) % " 1SH /(%= IDI(" " H.+] - IH(" &> "$/ " 1% ") 1 (H/+))1A

6.4.Técnicas estadisticas

L H(HL &AL+ I+ SCH)N) ) AR ML-1) IS S B3 B+ =) IH+(C=>"/(-) !> " $1h-$+*-)!
+/7(h-(="$/" "I L+*+13G+* L +)1/+6.+) 1> " I<G*hL ")/ *=>H-(+.7)! " [<$*H1 ") 1S(* 13" $14+.7)!D!
SN STEL-$HF ) TS A FUGCSLH S(+1/+. 1 * W@ XQN GP! )/ +*) ML+ HSS ™ (" $Lh+.! . -IP3" 1) ™!
63)1+1")IH. A4S/ +(13$+124HL/ " YE)I$3.HAYHO)/+1) "1 (" 124 +) 1+ L7 H/+L +HIDHL/ ")) 1+ /" (/58
H+(+1% /" (SHS+(DH )+ 2HHL )R D) "L HA =D "L 12+ ]+D) L 13((" T+ *4S" ("$/7) ! H(3"6+)!
P3*1)-$!

!

f Pruebas para 2 grupos: J+H(3"6+!5f/")/ )" I+H.#1+!"$!>3")/(+)H+("+*+)ID!I>3")/(+)!
B> "H" S S/ YA 13+$*-1) "1/ (+/+$! " $h1+>"$/"1*-)! ; (3H-))!G$! B+/.+6!)3! S3SLILS! *)!
IYEQEI**67 18" (1" $!13 " $/+L.+1*H) /(16 3LULS!IS- (=>+.1* " L+) D) " (§") /" =>H-(+.")AID+IP3*A!
YHS-1")IS-(>+A")/+HH(3"6+1$-1) " I+H. B+ T " 1*R&H*" 1B ; (BH-)1HH+("+*=) - 1+; (3H+*-)!
VHH("*YIDI"$!; (BH-)1$-HH+("+*-) 1= lh$* "H* $*4"$/* ) N3SH+H(**YQI D -$!; (BH-) HH+("+*-)!
=145 (BH+*=)IL3+$* =) " (+/+1" 1= > =15 (BH-1*"IH* () -$+) ! "$! >->"$/- ) I*4S* ("$/" AN *!
(" A1h-$+$! "1 381 1-8! "1 /(=!I D! 5 (BH-)I S-HHH("+*-)! - HIS*"H X" $/*) 1 13+$*-1) "
1-SH+(+1*"$/(=!1*".1; (BH-1-/(+)' &+(%+6." ) H-(1 "T* >H.-1?->6(")! 1-$/(+! =>31* (")) G$!
+>6-)114)-)) " HHAL+L+HH(3"6+I5F/*)/1+.1) " (L+1*4) /(16 3LHLS!S- (=>+.AIH" (-NK0)/+!1$-1")!
$-(=+.1) "I+HIL+SIH(3"6+) 1S IH+(+=>0/(11+)QIGS! " .11+) = 1*"1; (3H=) H+H+("+*-)1) " 1+H.h1+!
AH(3"6+1><h. 1-N-$AIP3 "N 3ISISLHILE! "$!B+/.+6!") | (+$d)3=AID! " $! " .11+)-1**1) " (!; (3H-)!
$-H+("+*-)) "H+H.H1+L+H(3" 6+ B+$$f>< ?/$ " DI##I13D+IS3SLILS! " $!B +/.+6!") . +!=>F) >+
P3"N) "I+H.E1+1" S +IH(3"6+1><H. 1-N-$!P3" I/+=>6H0$)#(& " H+(+!1-=>H+(+("*-)!; (3H-)0

f Pruebas para mas de 2 grupos: )"!+H.41+!113+$*-! +1*h)/(46314L$! *)! $-(>+.!D!)-9!
SC)I*IEL; (3H-) %1 *)/3%4-0! I3IS3SLELS! *$! B+.+6! ") +$-&+)! GNE)/* 135! "P3i&+."$/"!
13461 +1H0)[(BILILGI* 1) 1%4/-) 1§51 YI$—(>+.1D1) 1" $- Sy (3) .. >+ M )]
3$+H(3"6+1$-IH+(+>0/(11+)
|

B $/(+)I>C)1*+/=) 1) *1/*$; 481 +)IH(3" 6+) 1" )H*)ML+)1) " (C1=>"T-(*)IIAESHE T +H.bL1+%+)!
AYH(3 6+) I NH AL+ H) S/ (5= (3" S/ P H S0 $% - 15" 114) A1) " 6 L H/+ (1. 3$+1%" L+)!
Y IHHL/ YU GS! ™1 > > /- 1% L+ L HA( A Y NGk —(1% " THI -6/ $ix—1 *) 1% " THZFQFCAl) ™!
("124]+) AL 2HHL/")E)1 $3.+M D) "1 H A+ 1 2HHL ")) +./7 (SH/&+ 1-$1 B! ! * 71 ((=(1 *"!
"P3UE-L+LILSN GS! +)! H(3*6+)! *)H*QML+)! BMETHEH +1 HL/TYE)! $3.41 *)1 P31 4!
)/ (163LHLS! ") 1S (>+.IDIP3"IS=1 24 DIXUS™ ("SLHH) " /("1 H1>"*i1* 1 2)%4/2) 1" $1*) /3% )
S = (1 VL= (H (=N A PHHL " Y8 (SHAGHG LIP3 L +1%4) /(16 3LILSIS-1 ") 1$-(>+.IDIP3*1.-)!
&= L) KEHHL MY =S ) AR ML+ "/ T IHS T (" S/

175780 41 *E)/(HE63LHLS! **1 =)l HH(C>"/(=)N H+(+! .=)! H+(C>"/(-)! P3"1 $-1 )h;3"$! 3$+!
)/ (631U $-(>+.A1 )1 >"*4) %71/ $%" ST+ 1"$/(+. I DIF)H OHLS! ) -$! . +1>"*b+$+1DI " |
(+$; - H$/" (13+(/LADIH+(+1.-) H+(C>" /(=) P3"1)h; 3" $I3$+1*H) /(16 SLILSIS- (>+ 4. +) 18+ (1+6.")!
P3T 16" %" 1"$1")/ 1= (*"$1)=$1.+1> " *IDL+1* )G LILS!" )OS +((L 4> "M S+ 1 (" )H-$*"!
18— (136H14% =1 ST 1L $/(= 1%L 4140 /(BBSLULSI* 1. =) 1*+/=) 1D "1 (+$ 5 ~14$/ " (13+(/h.17)! ™.

IF!
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(+$; =157 18+~ (") 136414+ 1"/ (=1% " ICFWI= "*-l+1> %1 1- ((YH-$*" 1+.1&+.- (1> "*4-1D!
ARSI ")+ (17 )&+ (HLILSI* ™ 11-$T3$/-1% 18+ (")

6.4.1.! Intra-sujeto
I11-SHH(SL-)ISH) > ((F= (7)1 SIS ("$/") 1 /+H+) = L+HL+(( (+0UD ™17 +.5] +1 3%+
("H") "$HLELS! 5 (CSELH %1 ") =) 1% +/=) He(+ 48+ 8] +(1 =) (1) 3./4%=)1 -6/ S )l *)/-)!
3 (CSHL-)D) 13/ %] +SIH+(+("H(™) *$/+(1 1+*+13%-1*"1")/=)!; (BH-)AID+IP3* 1) "1 ("H(") " $/+3!

6.4.2.! Inter-sujeto
17 1-SHAES! XS (S 1-(("*-(")A "$! ")/ 1+)-1 2->6(")! 1-$/(+! =37°(")! D! .-)!
HOU=" (! 1-(("*- (") 1-$/(+! ) A=) 1= (=)0 B (T +.4]+ 3$+ (TH(™) " $/+15L$!
;(CSHLH 1->-1)"1 >"$1h-S+! +$/* (h-(="$/" H+(+ H-)/" (- (="$/"! ("+.5]+(! "1 +$C.H)¥H)!
N+ ML-IDI+S+ 5] +(1.-)1(7) 3. /+*=)!1-6/" $*-)(!
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7.! BASE DE DATOS

7.1.Maratén 2017
GS! A+ P& *HLHLSI* "1 41>+ (+/LSI* " 1=+(1" =S+ EFQFFFI 1= (("*=(")!+)K)/4" (-$!+13$+1 %71 +)!
>+(+/-$")1>C)1 1-$13((1*+) ! +5(-$/+$*-1aE)"pc! ="/ (=) 2+) [+ +1 >"/+1 "$I R& " $i*+! B+(<+!
2(H)/AS+HIL-$I3$!* " )$H& ™ . IH-)i/4&=1+13>3.+*=1**1Z| 0!>"/(=)IDI3G+!+./4/3*I>CNk=>+*"10] !
>"/(-)D)-6("1" IS I* 1> +()!!
!

<4E8 AVITUALLAMENTS 4
@ZUI}:&:ATO TS
BE -

BARCELONA

SORTIDA / SALIDA / START

8:30h

"#$%&'1(;)!*&'391102!R'&-2./1'17TN(H!!

7.2.Corredores
,H(HL =6/ SLILS!* "1 =) 1*+/-)A) "124] - 13) - 1* " 1381 ?7-./" (IN336-1+!3$! ; (BH-1*"1")/3*-1*"1
EQlL-(("*= (")) I+ *B(+LHLS!* "1+ LH((" (H&H(<H) ™3 S0 1= ("= (A =) L4.4$*=1%")*"1_+)IE!
?-(+)!D'co! >4$3/-)12+)/+! . +)1al ?2-(+)!D!c"! >k$3/-))IG! . +1)h; 34" $/"1/+6.+1) "I >3")/(+! 3$!
H(=>"*=1%"1 +1 %4> DI*B(+LHLS! /= /+.1%™ L =) 1= (("*=("IAL.=)12=>6(")IDI*"1 )1 >37" (")
73$/-1+1)31* ") &+ THL$! " )/CH*+((!

EDAD (afios)! 40,46 £ 6,01 40,10+ 5,11 42 + 8,67

DURACION ! 3:08 £ 0,04 3:00 £ 0,04 3:43+£0,01
O'L.'1)!Q'&'-32&5,3#-",102!./,!-/1&&20/&2,

7.3.Registro de los datos
W=D $*cHl Y =>-$t/- (") IW=-/" (1) "D 3" "SI3MA]+(HH(H! (s 1)/ (+(1* " 1S- (>+FHSCSHLH . +)!
YA+ TYFI (S 1K= (LD T IR ) IR S (&t -1 @@Y) -6/ ST I H (M1 *
ALY A4 P3RBT >6+(; A *3(+$/7! 4! (F6+LULS! W=/ (1 *3(+$/7 4)! +1/H&E*+*7)!
**H-(/4&+)! DI SQRLH)A ") /)LUS/™ (&t =) /TS S +.;3$+) 1 * )& $/+T+) T+ H=>W/+1HLS! **1 .+
)AERIFHFIETL A1) "4+ 185" F " H>HI ")+ IH- (1L =) ST (T B/ ) 1S /=) I I(3Hr-AIP3 ") 114+3) +*- !
HOSLEH+.=>"$/"1 H-(! ™. >-&¥=>h"$/-0! GS! ")/-)! Y)/*>+)! $-1 ) L H* (W™ H" ()-$+.K]+(!

IE!
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1->H."+3$/71 4)1 1-$*H15-$")! “NH" (4= "$/+. Al ")/C$! S=>W/+*+)! H-(1 .+! 3641+14L$! D!
S+ HAFHFI* 1>/ ()

Gl ("3 )/(=1 % ™1 =)l *4/=) %1 ")/ ") /3 %=1 )" 2] H-(! >"*=1 **.1 ))/* >+ \336-! P3"!
H(=H-(Li-$+3$N))/* >+ 1> =S/~ (] + LILSI* " IG2O 141> "*4=IDL+(; ~IH. 4] -0LI+/* 1$- .- ;<4
R (=) LN R )+ (= A5 Ho(! \336-1 JESHASHLH 1-$)b*" (+6.">"$/"! .-)!
H1L=>-*-)1 H(=1" 4> $/-)1 (+*HLh-$+. ") * "1 1-$"NELS! **1 . " 1/(=*=)A (**3140$*-)" ! +.!
VEH. 1 +1/-1 %71 (1 3%+ 124P3" M 401 G.1 /" Ti*=1 ™ C)ML-1) "L +%4H/+ +.] > $/=1 *7 ]
3) 3+ IVH+LH /" 1= 1% " Ho () 4YAL ("4 H] 8% =1 77" (LK1= ) ISORL=) b (=) DBE ) /+(1 (") /(8 3 -
H=(11+6. " JADDIS!/ " $" (IP3" I H$** (1" IH* ()= $+.1>0*HL-IH(=5" )i-$+.01G)/+) 1 L+(+1/* (<) /1+)!
13$/-11-$1 +ESS- (S+LHLS!I L-$/" N/3+.AL+1+ L& +¥IS)HL+1** 13) 3+(4-ID1)31H-)/3(+AIH3 " * " $!
Y ((=. H(3SH) " (11571937 8+)1) - 3L4-$ ") IDI1+) =) % *13) {lr-#]

|

nuubo

"#$%&.1(@)!8#,324'1S% %L /!
|

\336-1 ") 3§ J)/T>H KT S-GH-(HLLS! Le(HLH P3TLOHU(SWTL (tIR/(+(
(=14 (Mo ()L S L HLL4$+. )Y T THB T * T3] +(124) [+ H-( IR *c)1D1) " 3)+1 He (+]
01" 1+ (1 DU 3 $-) L (1/>=) LHCRHL-) (" 3 3.4(T)Q RD3*+ 1-$1 "))/ >+ %71 )+ 3%1 41
2 $-)HL+(TH(=6. " >+) H-/" L+, YI** 1 (1> -1 L+ (K 1-1 "1 * 1> "§/-1"$1 " IP3*1) "1 *)/C!
H- (183" (+1% " 13+ L BHLHAIH" (SH/71381) " 5 3Hh" /-1 1-$HS3- 1% I (B> 11+ (M 1-1 "+ 5] +$*-!
FLGIF+* Y I* T 418+ - i 4]

|

G$! "L +SCHE)! ™. L/(~L+(¥h-; (CSEL=1 DY *™.1 (W] T4 (R 11 ¥3(+$/™1 3§+ 1+((" (+1 *"1 +(;

)L I H-)H4&-12- /" (14$1.3D " HHE"]+)

") GLTL(=*-) N ) VSG 295G L 5: IGYIP3T 1T/ 1/+(CSL.-) (" ;1)/(-)IG291" $I>-*" )]
#TLEL -] %7 (484 15-$)) G.1)E)/">+1 \336-! 3/.K]+*-1 "$! .+ B+(+/L$! EF"Z! A*$"1 4!
1-$Sh; 3(HLELSI* 111> (1 1-$") 1" S 11+$+. " Y12 B "I 2 B i X )1

E) @ ;8)/(+*-(12-./" (VSG2OBIS*" (Y. +1; (+6+ LELSIH3 " * " I*3(+(124)/+ IF*<)UR 221" 1!
"77)1 +1 G201 V-HIHLS! **1 3§+ —1 ()] *" (48+14-$")! D! *H)H-)W/k&-1 *"1 /(+$)>H)ILS!
KB/* 5 (+%-16.3" /= 2IH+(+1" & 3+(1.+1) "4+ YQIR. >+1"$+1DI " $&H. - ) *+/-) 1-6/ " $i*-)(!

10 1-5/b+("N$G29!1#:5G!-IIGM\R@NMYNH* (4" IIFP<+) * HGC 1)1 @11"S" 1/3+*-)!
"SI = A1) VLG L-$) > 13G 4 3 (/> +3/->CL-1%" 1% [* LIHLI** 1 (3*- 1RSI+

|
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7.3.1.!

7.3.2.!

la!

TF1)" 5 3$%-)IDI* 1=/ LUHLGI** 1" & *$/-) , * (/"1™ 1+$C.0)H)ID! . +1&H)3+ K]+ 16L$!I* 1. )1
*4 =Y (FS) S-SR/ (- (W= (!
|

JHISh: 3(+1CI>37)/(+13$112+. " 1-IH(+I\336-11-$I1-§5h: 3(+LHLGI**1* " 1/(~*-) IH (+1 1!
** (18:+14-$")()
!

"H#$96&(C)!Q6'.2-/1G12.2-3&/0/,1S%YAL/

Formato HL7

WIZINI"&" & SIW +./2Y1")13$I1-$73F/-1*"1")/CE*+(")IP3 " IS+ 1H.H/+$! " . 14$/" (1+>6k-!
UTL/(LHL-! * T ESS-(>HIELE! L<BHLH)! WIZ! BT ($+/h-S+.! ") 3B+ -(;+BH]+L1ELS! *!
) 4((-. = IDCEFH()VERMYIH+(+ " 1+ SH-1 "L 4D+ 3% 3I>H) LS ) H(-H- (1h-$+(!
NCE*F+(")!;.-6+. ") IH(+. =) 1* = ShSh- YN 1. <BHL-Al+)K) /" S L+ Al+*>4Bk)/(+/4&~!D!. - ;<) /41-!
He(+! =5 (+(1 3B+ & (F+*"(+! 4/ (-H" (+6h.4*+*1 "$/("1 .=)! *4S*("$/")! i)/ >+)! **!
HBS-(=>+14LB! " B! " 11+ >H-1=>0*1-(IG.1$->6("1WIZ!) "1 ?2+1+) - Lh+* -1 1-$1 +1&" )LS!*" !
)ICE*+(1* " 1SS (S>+LILBAI /M +* - H+(+1* 1S/ (L+>6h-!". " L/(LBhL-1* " 1*+/=) 1% ")+, 3%(!
G.I")CE*+() 11" S/(+! " $! " hP/" (L+=>6h-!*"1%+/=)1 "$/ ("1 +H.51+1%-F " YA H(->-&H" $*-! " !
) H((-. =1 BT (SHLT)Q#

G)/"! H™(=W'! &°(1 DI (";H)/(+( *+-)1 **1 S("13"$LH! L+(<h+1+h )"4+.7) *"
TTL(=1H (M (A HIHH(CS (=) T LG FISORLHL S/ (" = /(= ) I =) 1% 4/-) 1B/ " $i*-)!
"SI/ M1T) /3= 1) -6/ S B BIS- (S 4/-17)/CEHH(012. 24 -) 1> " $)+T")IWIZY) " 11->H-$" !
0| 3§11 >C)I > TG) T F TG SHG ) ) 5> G/ L ) >/ 40T 3$) 18 (/-
$ 3" (=1 *T LH>H-)L*T R4/2)] )13+ 7) %16 SE ) H(! L-FESHL+F-)! DI %7 o)
FELB4RES TG/ 2454 > )47 1-$) 4 X1 >312-)1) " ;> $/-)A P3T&H(<+$! )" 5§l 4!
S3% /" 1" 1 +1) = KLH/3*A ) H(E> " (<) V(") L+ (+1/" () ) =$I* 1 $146" T+ 1% 1) * ;> "§/-M !
P3TLU*HLH! .1 fiH-1 1) " 5> $/-( GS! ")/=)! >"$)+T"IM )L HB > 5 3+(*4(1 /-*+] 4]
HES—(S+THLS! $" 1) +(hH HH(H 1441 HALH"$/"A 11 2)/= (] S0*HL-A (*)3./+%=)1 **]
A6 (H= (=TS 1=/ (AT ) TILH) <L )P )R 1T (=1 (R (> F T4 > H(H/LS)

AL ||

Software Biosig

=H-)h; 1 ") 3$+! 646.5-/" 1+ *"1)=S/+("! ** 1 1L*h; -1 +64" (/- H+(+! "I H(-1")+=>4"$/-1 **!
)" 4+.7)16%-=>0*h1+)AIP3 " 14$1.3D ™Al " 1+$C.H)K) 1> 16%-) " 4+. ") 1->-1" "1/ (- 1+(*%-; (+=>+A!
UU(-TELTSE (k> /L)Y GO -6BTT M- *T H(-DTL/-T =Hh-)E; ! ) S->Tg/+( A
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Ic!

KB&T)/H;+IILS! "$! T H(-1T)+>ET$/- *TL )4+ 7)) 64->0%41+)! H(-H-(14-$+$*-!
2T (1S4 1) =S ("1 L B (/- IH (+1>312+) e AT+ 14-$ ") IS (" /) oot
|

GNK)/* SI%US™ (*$/*)IH+P3™/*) 1% * 1) =S/bo+("1=h=) ks AL ™ I3/ K]+ = 1" $1™) /" 1" ) /3% IH " (>H/"17 !
3)-1*"IB+ 6! H+(+! " IH(-1")+=>4"$/-1* "1 *+/-) (I G.IH+P3" /"1 %" 1) -S/b+("1 =h-)k; I H+(+!
m1/+&"! D! B+/.+6! q6k-)4;a-1/>+/ril P3"! *)! 3$! H+P3"/*! P3"1 1-$/4"$"! Sh./(-)! *"!
h=>H-(/+15L$! D! "NH-(/+1HLS! **1 *+/=)Al +.; = (W/==)! *"L "N/(+1LLHLS! **1 1+(+1/* ()MML+)A!
>0/—*—)!*'!H3$/3+1%L$!D!)—S/b+('!*'!H3$/3+1%L$!D!&%)3+.%]+1%L$Q!!v%#!

=4-)i; '136( I>317-)H)H"1/=) %" IH(=1")+=>4" $/=1%"1) " 4+ ") 164->0*41+)(!, - (L. -1/+$/-A
+I THTH* I ((+=>0"/+)1 ) " *h&E* "1 "SI > iH. ") )361+/" ; - (<H)A *"HT $*h* $*-1*"1 +)!
S3SLH-$ ) * 1)+, s =(W=>=)IP3* I 1-$/M*$"$U J+)! )3 34" S/ ) L+ (H* /+)A - (; +$H] +*+)! *$!
)36/+( HM2+L SIH+(/" 1% 1) =S/ +( " 13/%. 5] +*-"
R1L")-HH(12&= A" $/(+*+IDI)+ 4+ 1% * 1o/ 2 ) (/G4 1% 11+ (; +1D . >+1 " $+>4 $/-Y()!
L CH(=1") >4 $/-A11-$/ (- 1% 11+ e+ IDIH(-1" )44 $/- 1= 1+(/S+1/-)!
L (=17) =" $/=1%"1) "4+ ") IDI"N/(+LTHLSI* " 11+ (+1/ " ()1 +)(!
B+H+)1* " 1)i$1 (-] +1ALSA* " PSL(-SH]+1HLS! (" +18-$+*-)11-$1"&"$/-)VG@ IvhY)!
2.4)HSHL+1HLSID! " )/+7%<) 41 +]!
,(3"64)1") [+ 1 +))!!
24/ (h=1*"1"&+. 3+ THL$!
Xh)3+.6]+14HL$0!
R$C.H)H*")" (41" >H-(+.")!
G)/+*QMMLH)! **1 4/ =) 1-$1 &.—(*)! H" (<) 1-*45k1++-)1 1-$1 \+\I V$-! *)! 33!
$ > (-1
= XE)- (/" (+1/4&~1DIH3$/3+14LG)!
= h-13>"$/+14L$!DI+D3*+(!!
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8.!

RESULTADOS Y DISCUSION

8.1.Pre procesamiento de la sefial

19!

L THCTH(=1T) A0 $/= 1% +1) "4 L4*P3h(+ "$1 =) 1= (%= (")) "1 ("13((HL! +1 2417 (!
H(3" 6+)11-$18+(4=)ISh./(=)A1" ) ¥ * LH(L+>> Bl (1. =) ViH-) % * ISk /(=) H+(+1) +6 " (113+.1) " H*" 1346+
SC) ML) "4+ QIR HH KL+ (1" H(ES " (V=117 [ TSNP () * /" 1A= 15" 1 == 6-NI=h- )i ; IH4 (+!
B+ 4BYL 4> 4D= (HIRT L)) 44, )T L)L (%= (") )+ SIBH SANIS! T >6+(; A+ H.HL+(1" )
)73 38* - HH-1* 1%/ LI SIVSIS*H  +0)0=>1%" 1 B4/ +6Y1) " I¥E) /- ()-$+$1 . 4)1) "4+.") )1 2-$1 !
3) -1 1Y) ) HIE-$ 7)) 1) L= 1> T (1) " > "S- IHH(+13)+ (1% 1 (7S (S LI 2->-1) !
NHALLHS/ " (= (=" $/" 1+.1-6/"$" (L)1) "4+ Y H- (1> "*h=1%" 12- /" ((N336-1"$I5- (>+/-WIZA!
NS L) H(-TH(=1")+ () H(HH=%" (1" (IDI=6/"$" (1. =) *+/=)1$" 1" )+ (k=) " $1-/(~ 1S~ (>+/-()

|

% http://biosig.sourceforge.net/download.html
hdr = sopen('G:\MaratoBcn_Nuubo_2017\Antoni Prat A24 (stage 1).hl7','r');
help sread
"#$%&'|(E)! TL&#&!.",2G!1.22&.1211*3.'L |
|

(A ) ALY 2410 B) -l 1 )SSH("] %L BhoY: ! TNHALER -] 48/ (- (>SN
BB/(=* 3L %=1 +1) "4+ 1 $Ix-G* | @IDI]) (*+*elH* (SH/"$L ™ *(1.=)*+/-)1-6/* $*-))!
I

%% Prueba: Leer 12 segundos, empezando en el segundo 30
[ecgl2sec,hdr] = sread(hdr,12, 30);

N=length(ecgl2sec);

fs=hdr.SampleRate; % frecuencia de muestreo

ecgl2sec = - ecgl2secxle-3; % invertimos y pasamos a mili Voltios
t=(1:N)'/fs;

fN = fs/2; % Nyquist frequency

fcl1=0.6; %fc=0.5;

%Filtrado pasa alto
[bfpa,afpal=butter(3,fcl/fN, 'high');
s=filtfilt(bfpa,afpa,ecgl2sec);

$filtrado pasa bajo

[bfpb,afpbl=butter(3,40/fN);

s=filtfilt(bfpb,afpb,s);

% grafico lead CM5

figure(1)

plot(t, ecgl2sec(:,1), t, s(:,1))

xlabel('tiempo (segundos)')

ylabel( 'Amplitud (mV)")

title('Lead CM5')

legend('seiial cruda', 'sefal filtrada') |

"#$%&'I(H)!IV&%62L'102!(7!,2$%10/,1211*3!'L
I

GS!™)/+1) "4+ 1" IH(3" 6+41) "1 " $I"EN) " ; 3% )W >H T +$*-1"$I™ 1) " ; 3%~ IFQI 1 "12+1713) !
713G 146l %" 1)k ; $-1D+HP3 1405 (+SHL+(1 "L @N1) "1 >37)/(+1 .41 5 (CSHLH$" ; +/1&+IDIH+(+!
P3™1*)/+1) &7+ 1= 3G+ %" (I+LHLE! **1 +)1 ; (CHLH)! $-(>+.")! ) $" 1" )+(4-1 +H.HL+(1 .+
SISLILIS" ; +/18+H1. +113+.1) " I>3.AHHLHH-(13F CIH+(#11-$8&" (A( 41+ >hH&- . /4-) V5K YAID+
P3™ 1)1t~ (") L4+ =>H H/3*1) 137 )/ (+$1" $I>H1 (-1 M=) VLKL " 1+H 41 +13$ISH./(~1H+) +!
/-5 IFOGIW]IDL3" ; —13BISH./(=IH+) +16+7+) 1% " LaF W] H+(+1P3H/+ (1" | (35* - IDIBHE" +(1.+1.<$" +]
T 1G+) W) (45T (R LILSI N2 B YA )41 (1 THLSI" )L+ $/7 1" $1" 112+, "1 -
" IN336-41")13$+1-$54; 3(+1HLSIPI 1S-1") 1% 1 +) 1" (18+14-$")1 ") /CH*+()
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8.2.Procesamiento de los datos

G$!™.1)=S/b+(" 1" 164- Y 1" NE)/ " 13$+IS3SLILSL. . +>>+*+1I"HS I &IPEY) "1 N/(+" H- (1> "*4-1% "1
3%+ S3SLILS! .. +>+%+ GXG\S), mI! P3"L **/"1/+1 *.1 F@N)! G)/+ SISLHLS! )" 24! 3)+*-!
$$/7 (- (=" IHH (24, AT LF @I I 14$+. 1" IDI* 1148+ 111" $1+>6-)114) - )IR 1> ) /(+(1.+]
>4 "$1) " 1>37)/(+1" JG2ONGH" >H-18) . ++>H.H/3* " 4+1) "4+ Y1 $I¥-$* 1) "1>3")/(+$1.-)!
&k —(")1F T THEL= X 1§ @ N1HH&EHI -1 *$/(* 415" 13 L+ **1>37) /("= IVH-(P3*1) "1 -6/4*$" $!
)&= ()R TLAYISBT)/(+) L =) HEL- VA " TH-$" - (rTH+ (+19 " $ASHLH(1.-) IHEL-) 1+ L @ 1!

P3"1)"I=>3")/(+$!1->-13%+!g-r!"$!(-7-1"$1)31&+. - (I=>CNi=>-(!!
I

mmgmrm e C—— —— - -

%Deteccién del QRS, Pico de la onda R: Rp

H1 = qrsdetect(s(:,1),fs);

H3 = qrsdetect(s(:,3),fs);

Rpl = H1.EVENT.POS;

Rp3 = H3.EVENT.POS;

figure(1)

m = max(s(:,1));

plot(t, s(:,1), Rpl/fs,m, 'or")
xlabel('tiempo (segundos)')
ylabel('Amplitud (mv)"')

legend( 'sefal filtrada','Rpeak')
title('Lead CM5')

figure(2)

m = max(s(:,1));

plot(t, s(:,1), Rp3/fs,m,'or")
xlabel('tiempo (segundos)')
ylabel('Amplitud (mv)"')

legend( 'sefal filtrada','Rpeak')
title('Lead V1')

"#$%8&1(1)!D232--#91102.!\WASM!*3.'L
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GS! .+ 5 (CSHLH %1 :$/" (&+.~! @@A ) "1 >37)/(+] ) 2=(+)! P31 *)/C 1-(("$*~1 *.! 1=(("*~(!
VSH SH-YA*)/+1SISLHLG! )1 *$13 $/(+ "I F3(+LILS!I** .1 @@ ") *" 14(1 .+ *3(+LHLS! *$/(*1 3$!
A1 -1DI-/(-H"$1>)()

|

%% Leer todo el registro

[ecgl,hdr] = sread(hdr);
hdr=sclose(hdr);

N=1length(ecgl);

fs=hdr.SampleRate;

ecgl = -ecgl; % invertimos y dejamos amplitud en micro Voltios;
t=(1:N)'/fs;

fN = fs/2; % Nyquist frequency
fcl=0.6; %fc=0.5;

%Filtrado pasa alto
[bfpa,afpal=butter(3,fc1/fN, 'high');
s=filtfilt(bfpa,afpa,ecqgl);

sfiltrado pasa bajo
[bfpb,afpbl=butter(3,40/N);
s=filtfilt(bfpb,afpb,s);

% grafico lead CM5

figure(3)

plot(t/3600, ecgl(:,1), t/3600, s(:,1))
xlabel('tiempo (horas)')
ylabel('Amplitud (\muV)"')

title('Lead CM5')

legend('sefial cruda', 'seial filtrada')
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"#$%8&'17()!QO0#S/1>'&'1.22&13/0/12.1& 2$# 3&/!
I

G$! *)/" 1 >=>"$/=1 =1 P3"1) " 163) L+ P41 (1) 41 L/B(H * "1 /=1 " (" ;H)/(=1 %1 A1) "4+ A
("HI" %=1 =1 >H) > NHALH* =1+ (= (" $/ IS " >6+(; -A+1C1) L/ (+6+7+] 41 ; (CSHL+ " !
SH1(-1)" ;3$*-)VLOYID+P3" L +IS3SLHL I "HS Vo8 U8B +T+1>"T-(1L-$1")/-) 18+~ (")) * HH.H1+!
3ISh./(=1=3//" (D= (/2! =(*"$! IH+)H+./=1 1-$IS(" 13" $1p+1 > 1 1= (/" 1> F)gI W] " $1*-$% 1) "
Sh./(+IH+(+14% " +$/" IDIH+(+14/(C) IH+(+1P3" 1$-1"NE)/+1%6) /- LI " $1.+15+) " IDL.3" 5 =1) "13) 13!
Sh./(~IH+)+16+7+) I+1aFIW]0!

|

%% RR

RR = diff(Rpl)/fs%1000; % en mili segundos

% probamos un filtro

% RRfl = filterl(RR);

% probamos otro filtro

RRf12 = filter12(RR);

tR = Rpl(2:end);

figure(6)

plot(tR/(fs%3600),RRf12)

xlabel('tiempo (horas)')

ylabel('intervalo RR (ms)"')

% Heart rate (HR)

figure(7)

HR = 1./RRf12x60000;

plot(tR/(fs%3600), HR)

xlabel('tiempo (horas)')

ylabel('Frecuencia cardiaca (heart rate) (latidos/min)') ]
"#$%&'177)1D232--#911>#-/, IAA

I

4 .+!*'/'11%L$!*'! =) HEL-)I@@!) "1 24171 3) -1 %1 +1S3SIHLS(S) H "SI *-$*" | @H"1 241"
(78" ("SLbHHLHH-)HLELSIE " L) HEL-) P+ 1- G+ 1§ @ N1* 114+ ™M) "1(")/+$17)/+) H-)§14-$")!
3G+ H-/(+11-$I" )/+I33$1 LBIDL) 1484 IH- (1 41S(" 13" $1+1% " 13 )/ ("~ IH+(+1-6/"$" (1. +
(CSHLH "$1) " s 38* =) IVHH(+1-6/"$" (L+1"$I>hH) " ; 3$*-)IV56 Y1) "1>3./4H.41+1H- (1 "FFFYQ 1 *!
S/ (+LH)" (471" SHo(+.[@F@IL-$ISh./(~IP3" 1" &H/+1 +/5%-) 1" L/LHIL=) - (/" $+1/-)IDD) " 11+.13 +§]
)R SHYF-GE T 13T LR HELAL) D)+ 1 4TRES* (S L+ HH(MH(1 " HEL-1E1D+IP3"1 !
H(E>" (0 &+.—(1 P31 )" H"$"1 ™)1 *"1 VEF™AI *.1 )" ;3%*=1 VIFEYA "] /"(1"(-! VafIY! D! +)d
Y317+ "$/ MH=(1.=IP3" 1) "1 SHE" T+1* ") * 1T IHEL-IE H+ (+H=*" (1 (+SkL+(L.-) 14" >H-)1"$)!
P3"1=13(("1 1%+ @@! Sh/(+* =01 G /H* >H=1 "$1 ")/+1 ; (CSL+ ) "1 *h&H* " H-(1 +15(" 13" $1h! **!
>3")/(*=1D1) " 1>3.[iH. 41+ H- (| | gFFIH+(+IH+)+(~112-(+)ID+IP3"1) 1" $13" $/(+1"$1>3")/(+)(!
2->-1)"1-6)" (&+ "$! .+ ; (CSHLH 13+§%-1 " 1 1=(("*~(! ">Hi ]+ 4+ >+(+/L$! .1 @@! *)! >C)!
H*P3" 4= H-(1P3"! +1("13" $L+ 1+(Fi+1+1 ") >312-1 SC)l 4.+ +.1 /" (SHG+(! + 1H((* (+)"!
("13H" (+{!
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"#$%&'7 @) Z&'=#-"1#1B28&,"102.1#132&B" /IAA
I

GHI™ 4" SH-1) " H3" % 1-6) " (&+(1" " SH-1*" l$/* (&+.-1@@YBH" $/(+)!*)/ Iy* SH-1) " +1>C)!
H*P3"4—Al™ I(H/>—11+(*c+1-1")I>C) 1+ /]!
I

%% Deteccién de picos con findpeaks

figure(8)

plot(t(1000:3500),s(1000:3500,1))

help findpeaks

% fs = 250 muestras/s Picos 1500 microV

[pic,pos] = findpeaks(s(:,1), 'MINPEAKHEIGHT',400, 'MinPeakDistance',80);
plot(t, s(:,1),pos/fs,pic,'or")

RR2 = diff(pos)/fs%1000; <% en milisegndos

RRf122 = filter12(RR2);

% RRf122 = filterl(RR2);

tR2 = pos(2:end);

figure(9)

plot(tR2/(fs%3600),RRf122)

xlabel('tiempo (horas)"')

ylabel('intervalo RR (ms)')

% Heart rate (HR)

figure(10)

HR2 = 1./RRf122x60000;

plot(tR2/(fs%3600), HR2)

xlabel('tiempo (horas)')

ylabel('Frecuencia cardiaca (heart rate) (latidos/min)"')
save RR_run RR RRf12 RR2 RRf122 tR tR2 HR HR2 fs

save ecg_run s t |

"#$%8&'17C)!|D232--#91102!>#-/,1-/11"#10>%",
I

RS$/" (4-(>"$/" IHH(+1* /" L/+(L.=) HEL-) L) 1= $%4) L @ 1) " 12+13)+% -1 +1S3SLILS!"HS%08%K'&
YEGI">6+(; —A" 1)/ " HHH(/4%=1) 1241 713) P71 +1S3SLHLSI)-$+ 06/ OHB((+IP3 1" ) /+1$-1%" /" 1/ (
[=*-)1.=)IHEL-)IP3"1) 1" $13" $/(* SHDIP3" | +1+./3(+1><Gh>+1*"1 ) IHi1-)1) " +laFFIVL6YID! " $!
) HSLHIPE" HHIH (%" L+1>3")/(+HOF > HE 17 14157/ 14+ (IR 1> - %I+ (1) /=) 18+~ (7))
H3 ™" 1) SUSH(1™ 1™ > " (1571 2)IS+ ) =) IHEL-) 1% /" 1/+% =)l

8.3.Segmentos RR, intervalos de cinco minutos
,H(HILH 13+ =) ERUL ) 1 & (BB I +% 1 = L (H/> =11+ (*h+1-1) " 1241 713) - 1*" 15k1 2" (- ! @@ }!
(3F=+/A1 "$I *-F*" I H("&I+=>"$/"1 )" [4*$"! ; 3+(*+*-1 .41 S("13"$1h+! 1+(*h+1+! VWW@Y! D! .1
1S/ (&t.-l@@"*" 1 1-(("*-(Q!
|

load RR_run
figure(1)
plot(tR/(fs%60), HR)
xlabel('tiempo (minutos)')
ylabel('Frecuencia cardiaca (heart rate) (latidos/min)"')
figure(2)
plot(tR2/(fsx60), HR2)
xlabel('tiempo (minutos)')
ylabel('Frecuencia cardiaca (heart rate) (latidos/min)"')
|
"#$%&' 1 7TE)IQ'&S$' &IS&?=#-1,1>/81420#/102!.''=%1-#9110232-3!G!4#10>2",! '
!

R.IL-SHH(+(1.=)1%=) 15 (CSHL-) )h: 3" $/" ) " TH3™ *71-6) " (&+(IP3"1.+)113(&:+)1) ~$I*4S" (*$/" !
DHP3™1)" 11+ 13 +(=$IH- (1> "% 1% " 1S3$14-$* ) 145" (*$/* )L, +(+"$1-$/(+(1.=) 1) " 3 >"$/-)1*"!
UL IH$3/-) %" 11— ((**- (M) "V (+6+T+(CI1-$! +ISISLILSN"H#$ V&Y &2
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>> figure(1)

plot(tR, HR)

xlabel('tiempo (muestras)"')

ylabel('Frecuencia cardiaca (heart rate) (latidos/muestras)') |

"#$%& 1 71)I<,- '10213#24>/1420#0'12114%2,3&')!
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R.IHH( 1@ H-(1 +1S(" 13" S+ %71 >37)/("=1 41 ) 14.41) "1 "$1-$/(+(C1 "$! )" ; 3$*-)A )1 ) !
("P3H"(M1&" (1415 (CSHL+ "SI ") L 1% " 12— (+)1) "IXUEIRH(CL /@I H- (1 +1S(* 13 S L+ **1>37) /(" -1 4!
13+.1) "1 >3 HILHH-( IGRFQ, =(1.—113+.1 +1>"1-(1=HIILS! "$1-$/(+5+1 ") [(+/+(1. =) 1 *+/=)1 *$!
)L AT ISG3/-)IDHP3 ) (PR (T$!) ;> " $/-) LS 1-I>HSB/-) R B(+ B/ "1 (" L= (-1~
L (H11->=1) " 1> TS 1SS/ (8- (> S/

|

G$!".11C.13. - 1. o)1) " ;> " §/=) P 11H$1- 1453/ JNL->-1D+]) " 1> " $1h-SLH$/" (h-(>"$/"1) "12+1"!
3) =151 415 (CSEL+TSE" ()%™ JH$/™ (8+.-1@@Y! , -)/" (- (1+17)/=1)"1") 1= ; " (CHILHSL- 14" >H-) 1 1+%+!
31" IS L~ IHG3/-) 11" 1" L= (5% =Y~/ 5L L H((" (+H17) 1= B =)™ H(E> " (V5" SH-1+$/)!
L1 LA L (AT 0) T 3 B S H-T 13+ -1 S HE T+ A L (HA "1 (L (8 >H=1 4 4]
AP HLH((* (HAL L3 (/U >H=I9HG+ 6% =L HLH (" (FAH+(+11-$1.34(11-$1" IP34S/- 4" >H-!
P3" ") 134$% 1" 11 ((**-(1D+) " 1*$13"$/(+!* $I(*H-)-(!

|

% Antes de correr

Min = 42;

indl = find(tR>=Min¥60%fs & tR <=(Min+5)%60%fs);

%[hd,ecgl] = read_ishnel('H:\Export_RCG_Holter_Livanova\BH0005.ecg',Min*60,(Min+5)%60);
figure(3)

t1 = tR(ind1);

RR1 = RRf12(indl);

RRdatal = [t1l RR1];

plot(tl/(fs*6@), RR1)

figure(4)

RR11 = RRf122(ind1);

RRdatall = [t1 RR11];

plot(t1/(fsx6@0), RR11) |

"#$9%8.17J)|QOOHS/I>'&1-'.-%.'&!,2$4213/,'132,102. 11#-#/1021.1-' &8 D&
|
L= (T S H TS ((F= (1) SH T (OISR 51T 1) T > - Ix T L1 SHE3/-) 1+ Ha (4(!
** 154$3/-1aEQ 2-$! +1S3SLILS! $->6(+++1)-$31)"163) 1+$! )1 /1" >H-)IP3"1) " +$! >+D-(") ! +..
>U$3/-1aE1) " 1>3./fH 5L+ H-(IgF H+(+11-$&" (H(.=1+1) " 3$*-)ID!) *1>3 /i b1+H- (1. +15(" 13" $14+!
**>37)/("-THA(#H 1-8&" (M(.~! +1>3")/ (M H+(+1.37 ;=1 63) 1+(! =) A" >H-) ! >"$- (") +! 11$1-!
SH$3/-)I>C) %" I SUG3/-HGHHL+* (L, +(F)+LH(1 I SH-IF T THES" (1) " ;> "$/-) " TN/(+" S %"
[=%2)1 =) SH=)E*T AL LH((" (=) SR ) /") 5> /=1 ) F L) 4 H-)LS! "1 =)
TSGR IR /- (V8 >H-DF T I@@ TIP3 ) (H IH(ES (1) 3 > $/ -1 G- 145 3/-)1) ./ (+!
"L NI (+F -1 = S0 - =1 " | +1) "4 S/ (+%+11-$1 +ISBSLILS " HS %R IBB)/-)!) " ;> "$/-)!
) (CH! 13+ =)1 "1 BB &" 1/~ (1% "1 %+[=)! e (+] BT +(=)! "SI+ 33K /1 S4) "1 "Gl *-$*"1) !
3MHTH(CH ") =) %4/ =) IHH(+1 14 134 (1. =) IGHHL Y5 ™ |+ & (BRI 1% " (/> L4 (1= 1% 11474
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"H#$%&'|;NE&?=#102.1AAI02.!-/&&20/&!2112.1,2$4213/!(!-'.-%.'0'>/&!0#=2&2132,14]3/0/,
!

2-$1 "S> ] H(=1  Hh /=1 % )L (H=1 877 (5-("$/ M ) "1 24,41 4] &+ (HBRIFH¥1 %71 (4>
TH(RHL=H (L)) "5 > " $/-) 15+ 48/ ") " I1HS1- 1453/ )" >H T+ $* - L+1L+((" (+1P3"1)"1"&+.3+(C!
"SIt ISHE3/-ICCA” S AR (T (HT ST IS/ -1 CRAISIS+ K]+ 8% - L1+ (" (+17$1" I>4$3/ -
EEZID!*$! ("H-)=1 "$1 "1 SH$3/-1Elal 1->-1) "1 >37)/(+ "$! * L +H+(/+* -1 **14$"N-))l #$+1 &°]!
B/ SR )L)ITEBL-1) " 1> "$/=) @@ ) A+ xS - ((F- (M) TH(= 1R LA S/ 15+) !
*® TH(=D" /=1 113+ 11-$)8)/ "1 " $1 41"/ (SUS+LILSI*"13$+1) " (4715 18+, ~(*) IDI=>"*ipr+) %3 (+$/"
8- () [+H) INHLLH*4) 148/ (= (3 "$/ " IP3" L 1= (" )H=$*"14+1.=)1>0/=*=) % " 1+$C KR 11 (/> !
1+(*H+1-()

8.4.Métodos de analisis del ritmo cardiaco
L (L) 3% =) 1) )IS0/-*-)A) " 1-6/4" " $I3S+1) " (1% K G*HL ") IH+(+1. )11 (("*-(")!
+&+ 0]+ =) H(" &b+=> " $/ " A *H&H*I* =) * $1 &+ (H+)! */+H+) ! *NH.EL+*+) 1 +$/ (h-(="$/"! "SB! *-$* "
1->-IH+(/" U$h1h+ H-(1=>"*-1*" 1) -S/b+("1*"IB+/.+6!) "1") 1-; "13BIH1 2" (-IP3" 1) "I" $1+(; +!
FEIN/(HT (L) &k = ()P IEHFHL ) TW@ X! "L ™ x-S G- %" 1 hT SH-ALY 1 * - Shgh-1*"1 4]
S(" 13" $LKHAID! " 1% - >hEH-1S(+1/+.0!!
|
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8.4.1.! Dominio del tiempo dominio de la frecuencia
H#EH& -6/ Si*-1" IGNL" . 11-$1. - )k$*H1")IS(* 13" $Lh+. " YAV * >H-(+. ") IDI* - >hFh-IS(+1/+.A!
) +6("IBH A6 T SIF-FFI* 6 )+ (LA LH(H+H*TIGNL I+ (+6+T+ (A H+(+E=>H- (/+(1.-)!
*+[-)1"$I3G+I>+/(H] 1$3=0(h1+11-$!" . 1$-=>6(" H(" &i+=>"$/" *+*-1"$L+I1+(H"/+I**IGN1" (!
,H(H1-=>"8]+(1) "1-6) " (&HH(H=>"(+="$/" 1 1L=>-1 ") +1 %) /(H63LHLS! * " 1. =) 1-(("*-(")!
1-$L+HHB"6+LE.4"/")/1"SIBREIR=0 I " 1&+. - (1*"IHI ") >"$-(1+IFQFC!) "1 ("12+] +!.+!
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PAHL/*YH)! $3. 41V (4. 554V -6/ $h" $*- P31 +1%H)/(163LHLS! **1. =) 1-((**=(")!$-! *)!
$-(=+AMH-(1 "1 1-$/(+(1-A ") $- (>+. I H+(+ HI~TFQFCQ! , +(+! >h(+ (1R 24D 1+>64-)! " $!.-)!
GHHLTY L+, 13 4% S AR HGH)! T FHHE) T+ LH((" (+A) " LH K4+ H(3 6+ 4G+
VH(3" 6+ " HSC.H)E) P 18+ (ST +1" $/( " 18+ (1) H(3™ 6+) H+ (") A" $I")/* 114) - 1) " 145+ K] +$!
)oY HE( ) L4 3G )L T)IS(" 137 $ 14+ ") 1D/ SH-(+. ") V@ @!
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"#$%& | @H)!D#=28&21-#,1213&2!>&#428&/,\G+.3#4/,1-/&8&20/&2, | AAIGI'A
|
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100,00
Tiempo
empleado
M entos
M rapidos
80,00

60,00

SDNN (ms)

40,00

!

,00

antes comienzo mitad final despues

Carrera de maraton |

"#$%&'| @)\ D#=2821-#,1213&2!>&#428&/,|G!+.3#4/,)-I8 & BBF2,18D
|

4000 Tiempo
empleado
M entos
M rapidos
30,00
v
E
8 20,00
%]
=
14
10,00
00

antes comienzo mitad final después

Carrera de maraton |
"#$%&'!@J)!D#=2&21-#',!213&2!>&#42&/,!G!+.3#4/,!-/&&20/&?,!A*8DD
|
R.IT)4+(1> "% * o IH- (17 D)E)/* > +$" (&4-)-1)>HC/HL-1 +1&+(1+6." 1 @@N) "1-6) " (&+1 " $! .+!
Sk;3(+azAP3"1.-) &+ ~(")!I@@!"$!.-)11-(("*-(*)IP3" 1&+$I1-$I3S+>+D- (18" .- 1i*+*1)-$!
H$S (h=(")! +1 .=)1 P31 &+$! 1-$1 3! (W/>-! >"$-(A *"6k*-! +1 P3"1 0)/-)! /3&4" (-$! 3$!
"SI S+ > S/~ H( 8H-01G)/-IP3K* ("< LH(UP3 ™ ) M. T )L -$I>+D- (1" S S -A" S S
381> "S- (/== 1+(Fh1-1"$L - )G/ " (&= )1 "*H=) <L+ L+((" (+AH3")/-IP3 " /4" $ " $135+!
THH L% 1 (" $+>4 $/-1>4D - (141, =) 1% >C) I GI13+$/-1>C) ) 1" $/("$+A1>"$-(1")!
T I3SB(+. L) 8 - ()1 LA 13T ST L+ (R LHIGSL =) 8t () F T IHH(C> /(=TT \\!
)" 1=6)" (&t &+.— (") HBS™ (= (") HH(+! =) 1= (("*=(*)! >C)! (CHi*=)! "$1 =) 4B/ (&+.-)! *"!
1-H" ST -A S H+*IDISKS+ ] +LHLSI* "1+ 1+((* (HI*"BI* =1 +1P371) "1 1-$)i* " (+13BISH&." .1 %"
H("H+(+LHLSIH(" &=+ (" + ] (> +(+HILSA) " 1-6/4"$ " 135+1% )&+ LHLS! " )/CF*+(1)3H" (4-(!
"BL-)HS/" (8= )1 (TH=) = IV+$/ ") IDIF Y H30) > T+ L4 ((* (I3 1% >3 )/(+1 " I$hE 1>
SICSHSHS/- TS ) 1-(("*=(7)! >C)! (CHF-)0 BES! T>6+(;-A $-1)"1 "$137$/(+$!
ST ("S1h+) ! b3 SSHL+AEH)! " $/(71 ) /-)1 ()34 -)) , +(+H T IHHC> /(-1 @B 1 Lh!P3"1)"!

cg!
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3/ME]+H+(+1-6) " (&+(1.+1HBS. 3" SLh+! * " 1)h)/* >+1$" (&) - H+(+)4=>HC/H1-! *$! " 1))/ " >+!
T4(*H-8H)13.+(51# 4 ) ™1 "$13"$/(+1 P3™1 =) &t.—(")! =6/"$H*=)! $-1 H(*)"$/+$! >317+)!
48" (5 "$LHH) " /("1™ )MH-(1.=IP3 " 1$-12+DI%4S" (" $1+) 1) ; SHSHL+/4&+)(!

[

Jos Tiempo
: empleado
M ientos
M rapidos
80,0 * ! e =
o
-g 60,0 '
N
=
£
g l
w400
-l
200 !
0
antes comienzo mitad final después
Carrera de maraton |
"#$%&‘!CN)!D#=2&21-#‘,!213&2!>&#42&/,!G!+.3#4/!-/&&20/&i,!"'!1/&4
|
Tiempo
empleado
Hientos
600 W rapidos
: i ,I
©
g 40,0
©
E
2
(T8
I
200
0

antes comienzo mitad final después

Carrera de maraton ||
"#$%&'IC()\D#=28&21-#',12138&2!>&#42&/,|G!+.3#4/'-/&&20/&2, hA11/84
|

cZ!
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co!

Tiempo
empleado
1200 M ientos
M rapidos
10,00
o 80
®
i
w
I 600
r
-
400 I
2,00 * i i e
00
antes comienzo mitad final despues

Carrera de maraton |

"#$%&'|C7)\D#=28&21-#1213&2>&#428&/,\G!+.3#4/1-/1&820/42,"a" .
I

(IR SEBE- 1] H1S(T 137 $1H ) 1=6) " (&+BI&+. — (")) BH" (4= (") IH+(+.=)1 1= (("*-(")!
>C)!(CHI*-)M)IS! " >6+(; -MS-1) "1 " $13" $/(+$IH1S" (L) 1)h; ISHL+A&+A1+6" 1 (* 1~ (*+(!
P3%1") " IH+(C>" /(=1 ")/Cl>=*3 4% 1H-(14$S. 3" $L+)1** 1 )E)/* >+1$* (&4-) -1 J=>HC/41-!D!
He (45> HCAL-(IGSIL3+$/ - 1L =) 18 = (") < IWBI(* A Lh-$++1 1B+ 1+ L/H&IF 4515 1)E)/* >+]
H(+)5>HCL-1D! S ™ /=% *1(* 47+ 15L$!) =6 (" +1S(" 13" S+ L+(*h+1441) "1-6) " (&+IP3"1"$!
=)V (& =) +$/*)IDI**YHI0)! * 71 41 1+(((+1 *$1 =) 1= (("*~ (") >C)! (CHi*-)! 2+D! 3$!
FUL( >G-S ) &k~ (AL TSI L-SHE(HTILSIH - S/ (&t —)! (T)/+$/" YAl " &S LS|
P371 $-1 24D! *4S" ("$1h+)! )i s SSHLHMEH)I! S!H—(1 ™~ f>=1"$1 "1 1-14"$/"1 IBUWS! $-1)"!
"$137$/(+$! *4S" ("$16+)! Yhs SISHL+/AEH)! %" BIF—1 +1 P31 * I Hf&+.~ (1 ")) >+D-(! +! FOFC)! I
H(" &+ " 1L +IESS. 3  SLHHI* " 1))/ >+ " (&=) ~1)i>HCAL-1* " 148" (+IH (548" $/" IH+(+1 "
L+) =1 1 Ho (M) 4) T H= (D) SHSHLH(1) =67 " /(" $+>4"$/-1 -1 " )-$ ") >3)13.+(")Al *$!
VL)1) TS LB/ (H(HP3 LG (B I HFIX T (/> <114+ (<< 1-1") [CIFE) SHSBH*+AIH- (1"
1=/ (+(h-H S+ &+ (HHBHI+*1+./+1)37. 1) " ($FHL+*— (1% 7163 $+1)+.3%1 "$1*"H-(/§)/+)! D!
SSHI-(("1/+-" (FSLHHHL AL+ H) 1" (+6+4T-1DIH+L )" S/ (" $+=>4"$/-)!

|

|

|



UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH !

9.!

cp!
!

CONCLUSIONES

G I+H= (/" 15"+ & (BHBRFE4X1% ™ (11 L+ (R L-IVW@XY! *$1.-)1 1= ("%~ (*) 1D *$1%48 ("$/7)!
C( )P B Ho (/" L= 13$1> 0/~ 1G-SR+ &A1) * (I —IH+ (+1%*/* (Sh$+(L+=>H K1+ 1L S
0 1Y) (B=) -1 +3ILS->=1 "SIFIS ("$/7) ) H*=) P IH(Y) S+ ) L-(("*- (") IH)!
H/= L34 L (%48t ) 13.+(7) 241> 451 ; (+$14$/ (0)! "$1.-)1 " f4=>=)1+4-) 1% 6*-141P3"]
"YIBSHF LAY HESLEH. ") 1+3)+) %715+, " 14 $/= 1§ ™ 1> 3G* QLI+ (B I +1%" 1 (4>
TH(*H1=IH3 " I("H(") " $/+ (13 HSHH1+* - (W>H-(/+$/ " 1* | +ISIS LIS " (&4-)+1+3/L$->+1D!.+!
("YHB" )L+ (R T+ SIS ("7 )I>0/=*—) %" 17" (14 14!
|

RUH+(A(! %L H$/*(0)! ;" $"(+*=! H(+! ")/3*(1 .+)! Ht/—.— ;<H)! 1+(*¥h-&+)13.+(")A ) *! 2+
H* (S" 114-$+%-1DIL("+%* =1 &+(h-) 1 *¥H)H-)i/4&=) 1 H-(/C/. ") * " L (H/=>-1 L+ (*<+1-A1 "$! ")/ "1 14) -1 " |
124,711 %1 \336-A L+H+]! =™ ("3 0)/(+(1 )" 4+.7)! *"1 G2OM H+(+! -6/"$" (1 §$/" (&+.-)! @@!
>"T-(+8* =L +H1->-*F+*ID1+3> " $/+$* -1 +13) +6. Ik +*1* " 1)) /" >+1*"1G29IW-./* (11.C) k1 -A!
*$*-1>H-(/+3L0+! "SIC>00/-) 1->=1 + (+>+1*" 1" H- (/701 +(+! ;" S (+(1 (") 3./+*-) I >+)!
6. ")) "IH=>H. "> "$/LI3S +. 5 - (W= 11— (("LLILS! H+(+! " =4S+ (1B " (&+.- )1 *HS™ ("$/* )1 4!
R LR N (TS T ) N TR S VAR A R e TR R [ TGN TR R R B R Nt G
—6/" SLULS* " 1)U/ (&+.-)I@@A) "1"$1-F/(L!" ((-(*)!"$L+H+*PIR)HLULS* * 10)/+1* * 6>~ 1+1P3"
GG 1 I(BhF 1241 =) /=) IH-1-188+6. ") 1= IH-(1P3" 1" .1*4)H- ) /48~ 1\.336 - 1$ - 1 +H/-1*"
S—(>+1 1-(("L/4! 1) A+ AL+ 13+, ")+ S+ $-1 214" (=BI H+(/"1 ** .1 *)/3%h-1 H-(1 .- P3"!
*)SIE3D- AT L+GF 11— (% (") +$+. 5] +*-)(!!
|
RH&T ()=)!IS+L/= (M) L= =1 " 1) IN=AL AL =% 420" TGRE ™ 151" $/(" G+ >4 S/ " [<GHHLT 1% "1 >+) +]
L=(H=(+ A "SI L=/(=)M)=$+.;35=) 151 <) " "> $/=) 1+ /"5 (1 "SI 13" $/+! " $1 *)/3*4=) | H+(+!
* [ (SUEH(1LHUPS. 3T SLHH* T IW@X! "SI ™ 1> " H-(/* A ! " >6+(; -1$-1/-*-)1")/-)IS+1/- (")) !
13847 (! "SI 13" $/+1 "SI ")/ *)/3*h-A H-(1. -1 P3" 1) "IH3"**11-$1.34(1 P3" 1 H+(+! 33! H(LN}>-!
")/3*4-IDIH+(+] ; *$" (+(13SI+SCHN = 4) 1% " [+, %) " 1**6"$1/"$" (1" $113" $/+1>312-) I>+)]
SHL/-(*)IP3" 1% [* (4" S +14$S. 3" S1h+1** IW@X! " $IC=>6H/-) 1> "H-(/5&-)Q1 1 * ;! ".1")/3%}-!
H36.41+*-1"$! " 1EF"glq8+1/-(")!P3"14$5.3" $1h+$! .+ &+ (h+6H. 1 +*1%" I (/> -1 1+(*H+1-rAlq) "!
241-6) " (&+*-13$+ ) >USILHLS! * " | HW@X! $-1)L.~! "SI (" +LHLS! 1-$!S+1/-(") ! Sh)k-. L ;§1-)!
1->=LA1mRxA" D IN-IDI" - (5 "$10/$H1-AD)HS-1/+=>6H0$! " $! (" .+ 1HL$!1-SI3S!; (+$1$ 7> " (-1*"!
"$ST (=" x4+ 3%4) IDIL(LKI+) r)ors
1

G.IH(LEH+.1 67" [H&=1%"1 ")/ TH(=D"1/-1$3"1 * 1 +$C.HE)I **1 =)l S+(L4*—(*) TH(*+1-)4 *$!
(L3 H(1 4] & (HBLIF+%1 %7 1 (1/=>=1 T+(Hh+1=1 VW@XY! +1 H+(Ji(1 %1 *)/3%4=1 %1 +1)"4+.]
UL(=14(Mo ; (CSHLH 5 (#6474 1-81 "L W=/"(1 \336-A1 1-$)i*" (+$*-1 $HH1")! **1 W@X!
[">H=(+.")IDIS(* 13" $ L+, YU N3+ 1" 1" V(= =% "1 2)1(")3./+%=) -6/ S )Al) " 1-6) " (&:+!
1> SIH(ES " (1.35+(1 " =) KEHHL" )% 1% G- 1%" 1" >H-1" 1@@!*4) >4$3D" 1*3(+$/" 1.+
LH((" (H.-1134.17) 1§ (4. 1% "B -1+ 143> /- 15" 17)53" (J-AI) "5 SIS " )/3%H-1(*S" (" $Lh+* A
Qb HLAEIR+1 %7 1)) /* >+ 7 (&=) = HH(+)I>HOL-1 )=B(*1 . =) HH(C>"/(=)! **1 [§*>H-1)"!
—6) " (8% BIF - 14H1P3 " +I&H(HBRIF+F1%" 1 (1> -1 1+ (M 1-1%E) SH$3D " 113+$*-1*H)>4$3D" 4!
FLAGIF+*1 &t s 4.1 & = (1 =/(=) A% Al ) HLBEIF+* ") H(=&-1H54) H-(1 )R/ ">+ $" (&4-)-!
VESHCAL-11-$/$ 1 *S" /=) 1-$/(+(h-) I HS<LE. ) 1% 1-6) * (&+(1* BI*—1+1P3*1) *1%*6*$1/*$" (!
"SI13 SRS (") >HAL/-) 1P IH$S. 3D " $I* T I +$" (+1%h(* 1/+11-> 16 (+*HL+(*<§+AIDI-/(-)!
"ST /=) ST (BT )&k~ ()T >H-(+.7)) -SHSE” ()= "/ IH(-H-(L-$+. ™) 1+ +IS(+1 1S
DT LIILSILH (LA S (4.3 S/ 1B 1> - > "B/ I IH(=* 3L+ ; SUH-1"17)$3" (] -1+
Ho$" ()" 1" IHE® 1=1% 1) * SHS1 - (H-(+() " Ih>H AL H3$14+3> " $/- 1% 1g+ — (1% * 1 JI= " *a*—IH (!
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" )E)/">+$" (84-) - )H>HC/HL-YIDI3S+H) SHSITHLEP* 18— (P " IWBN=>"*ha* - IH- (1" )/ * >+!
$" (8h=)~1H+(+)§=>HC/HL-Y0!
|
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10..LIMITACIONES DEL TRABAJO Y EXTENSIONES FUTURAS

R3(+$/™ 1A (" + SIS * " TH(-D"1/-A1) "1 "$1-$/(+(-$!+. 5 3$+) | I>H/+18-$ ") 41 1) (+() !
")) /30l GBI H(ES T (1.3 H(A < BIx -l 1+ )3+ LIS +1/3+.1 P3 1) TH(*) " $/+ H-(1 4!
HG* " AL ) %4/=) IS - IH3*H" (=$1) " (1-6/"$H*-)H(") "$1h+.>"$/ "™ 144 IH+)+*-AIH-(1.-1P3"!
S3*1G" 1 )+(h=1 P3*1 "1 /3/=(1 "$L+(3 %=1 %1 *)/*TH(=D" U=I S+IRHH(+! =) %4/=)1 1= /=41 +
HBS- (>+1HLSIS™ 1)+ (4!

I

G$!)" ;3$*-L35+(M")/"1")/3%=1) " 16+) 1" $I3SIH" P3" 4= 153> (=1 11— ((**~ (" )AP*"1.-)113+.")!
BT =) I$-1) " /38" (51" $113" $/+HHH(+ " 4SC.EYE) ")) ML= 14— 1P3 1$-1) "1 (* s )/(=! "
J§* SH-1%"1 4+ 1+((" (+MP3"IH3* 1) " (1=1H-(13$1>+.1S3$ L-$+ 4" $/~ 1" IW=/" (1-IH(=6." >+)!
N/ ($-) 7Y/ 1= o IH- (17" S H. = IH(=6. S +) P 3(+$/ "1 1(* s 0)/(=1* "L +1) "4+ MH(=6. " >+) %"
LB R)(=)183T (HE T L)

|

R.1)"(13$IH*P3* 415 (3H=1%*17)/3%oAl +1 L4$/+1% 137 (") L= ((“*=(+)H(*) *$/*) 1" $1*)/*!
§3*1>3DH"P3" 4-H-(L-IP3" A+ 1(" +. ]+ (1" I H" L&=H$C )R ) /4 HL-1* "1 4) 4™ (" $1+)!
"$/("12->6(")IDI>37" (JHS-1) 1" S1-$/(+(- SIS ("SL) ) ; SISHLHAEH)IR** >C)A*+*-IP3"
[=% )1 )1)3T =) IEL. 3% =) L5 5™ Gl +H(-NES+%+3>"$/* 1+ >H) >+ "*+54 ") IH-)6." P31 )
()34 = =l (1S5 T$I 3B 3 (BH=!>C) +HA-I* 11 (%= () *$I*=$**1) "1%*6*1/°$* (1" $!
13"$/+1P3"LHIW@X &+ (1 1-$!.+1"*+%)

|

2->-183/3(+)!N/* $)t=$ ") > "T= (+(LHS&" Y +LHLSI"17)/*1")/3*H-A) " 1(* 1= 4" $*+13$+!
> 4D (LL+$/* 515" o4/ HHIH(=H (L= $+ (1= -1) " (1$17 . KGHHL T %1 +1>4)+1>3) 13.+(AH" ) - !
o1 HIH () =S HIPB) = (51> HEL-A " $/(" 1=/ (= )AD+P3*1*)/=) IS+1/-(* ) /+=>6H0$14$S.3D" $! *$1 .|
W@XIDL) " IH-*(<H.." (/" $" (13$-)1(*) 3./+* =) IDIH$C.H)E) 1 >+) 11 -$54+6. " (1!
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11.'PRESUPUESTO

GSI™.I)h; 34 S/ HHH(/+*=1) IH(*) " $/+13SIH(")3H3 " )/=1* " IH(=D" 1/-0IG)/" 1) "I * )+((~..LI* ") * "
) HA">6(" 1% IEFEFAM2+)/+1+6(51* T IEFE"B/->LI3SIH(=> "*4-1*"1"FI2-(+)1)*>+$+. ") H+(+!
)" 33+ (IP3TIT)/ M) T L-SH. T SH-LIH)HES " (9))  >+$+) 1% 1 +%4) 1+ IH(-D" 1/-!
) IEH)H(=$! Sl A6 )P FHI L AUFS—(S+LILS! >+) h>H-(/4$/ HH(+) .+ =6/ SLHLS!*"1 )
1-$-15>0"$/-)1)=6("1 "1 /*>+1 +1/(+/+(1 DI )=6("1 1+*+1 38-1 **1 )1 )-S/b+("e)! 3/MH]+*-)A
"NHAL+*=) /" (5= (3 S/ UTH)1) " >4G) ) 367/ )137 (=S "L+ ) L (H/ 44" /1% 1 +)1
) 44T )H-6/" STILS!I* =) 1*+/JAIDI(" + K] + LELSI* " 141> "> (h+{1!
|

RIL-$/AG3+ 1HLSH) "1>37)/(+BHH" )i+ LILEI** IH(*)3H3")/=1%" IH(-D" L/-1" $1*-§**1) /38!
"$I13 S (1) D)) "> +SH) Y (+E+THEH)LEL" SLH* " B+ +641-6/" STILS!" W~ ./* (\336-!
H(+17.17)/3%4-IDIBSIH-(/C/h.1" $1% - $* " 1S3™ (~$IH(-17)+*+) L. +)1) "4+, "))l

I

gE!

JHL" 1B+ +6! | EFFFAFF! EFFFAFF!
W-./* (\336-! Eg! aFFF! "FaFAFF!
,-(/C/IW, ! | CEFAFF! CEFAFF!
, +BISHL+ LIS 1E)">+$+)! EFAFF! gaFF!
5m5RJ ZpgFAFFIA!

O'L."E)IV&2,%>%2,3/,'0212c%#>'4#213/M!,/=3d'&2!G!6/&','0213&'L"b/
!
N1 124 /T SiF - TSI L3 4+ T H(T L=t ) RL ST T ) H(= 3 (+3>4) 1 3/K] +%-) 1 "8 )
H(=D"1/-1 D+ P31 +1 #$1&" () +*1 , - WOLSHL+! **1 24/+.34+1 .-)I §$1.3D"1 *"$/(-1 *"1 39!
— (%" S+ - (H(=H- (14-$+*-(
I
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12.BIBLIOGRAFIA

gl!
!

U =(HS 1 SN qG. " 1/(=1+(Hh- ; (+=>+1VG2OVI DI S(" 13" S+ 1+(*<+ 1+ VW@YArI5"/)-#) 6-#
"CFRH(FEF"g) tG$! A"+l hi)H-$46."! "$
2H) Wb bbIB(+$)h: $)11->v* W) Li*$1V)EW " 12$-.- ;5" W2((!!

tEW! gJ"DIm(;CHLH "1, (=/"115L$! **1 h+/=)! f1 IWEF"0! 1 Im, hOhh!D! @, Ohkr!7" +.(
88)'.0: 4l “gfS'6fEFE"] tG$! ST+ hHH-$16."1 "$M  2UH)WH(-/"114-$*+/-)f
—H*L->y" >H(")+)i$3" &+ "DFH(~/" 114-$F*+/-)FEF" 0u]

thU) - JHS29)A%H2<. S+ VoHH#2' . EFE")  tGS! ST+l hiH-$16.71 S
2AHYW-$1-3+) %15 ")) - (FH("))IL->VEF " CUFQU=>+$3+.* "4+ $+/ - >k 23> +$+H*S)

tau! >27@/2%#  EFE"] tG$! 4! hi)H-$46."! "$
2HY WD b DSB8+ W=HL(=)H "))+ 3% H1+(Hh-y>3./5668:+} 46 (-2 (+] -$} 1+ HalH*S(!

teuAn® (18:+15-$")12+(<+ 1A ; SiSkL+* - ABC6062 HEFE"(GS!.I$" +i) )H-$16. " 1"$"
2/HYWDbb)>DFf"d;[1->v; "$" (+ 5%+ )" d;v* " (1 11-$ " FL+(Fh14))2/>.0!

tgu)! EFE™(! tG$! K™ +uQ! hi)H-$16."! "$N 2//H)Y'W=>3$*-"$/(* $+>4"$/-(1->vS(" 13" $1h+f
T+ 14!

tZu)  D.=%#2$)2,-)=)2)& EFE")l  tG$!  .<$'H(l  hHH-$16.71 "
2AHW?->" )3 HHACH-114; $-$"vO43) "HH =-11h; $-$" Ho "6H+ ; "v2->HRSSEF""C}Sh.
"YW+ (/" T8+ (64 WD S - HBE+)IE T " 1/(~ 1+(*- ; (+HPHLFYEFFaQH*S)!

tow! Yl =:J2W:2y! +$* @l =G@OG@N AW'+(!l @+ X+(H6LUDME.,"-/14( *(
FI'$).@/# 41" GA%'&" +HB#).468-.0! " Zi $-)! gh! HH)! gp™'fgpadl EFFgY hi)H-$16."1 *$!
"EI caFfo gZEFFgIFFCFONY!

tpull, (19—l 1 2+=>48+ A BYIX+..&" (% A 1POU > +(("$A, U0 1/ 5SH+$*1OQ 1)l ><+;$* (M
qR))"))>"S/ =S +3/-$->H11 1-$/(=.1 =SI /"1 2*H(/1 *3($;! /()M S/ >D-1+(*4+!
12" SHrIE.,"-/4( *( GA%'&".'["$).4.6B! Fgfml/fEF"")! tG$! .<$"+u)l hi)H-$i6."! "$"
2H) Wb bb) 18" $1"*4(" 1/)1->v) 14" $1"v+(/4L. "v+6)Hiv | FFEEFZ 1 g"™"'FF 1 Ep 1 E&4+Rk?36(!
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13.!ANEXOS

gc!

A.! Cddigos en Matlab

1.! Procesamiento de los datos

% http://biosig.sourceforge.net/download.html

hdr =sopen( 'G: \ MaratoBcn_Nuubo 2017 \ Antoni Prat A24 (stage
.h7 ),

help sread

%% Prueba: Leer 12 segundos, empezando en el segundo 30
[ecgl2sec,hdr] = sread(hdr,12, 30);

N=length(ecgl2sec);

fs=hdr.SampleRate; % frecuencia de muestreo

ecgl2sec= - ecgl2sec*le -3; % invertimosy pasamos a mili Voltios
t=(1:N)'ffs;

fN = fs/2; % Nyquist frequency

fc1=0.6; %fc=0.5;

%Filtrado pasa alto
[bfpa,afpa]=butter(3,fc1/fN, ‘high' );
s=filtfilt(bfpa,afpa,ecgl2sec);
%filtrado pasa bajo
[bfpb,afpb]=butter(3,40/fN);
s=filtfilt(bfpb,afpb,s);

% grlifico lead CM5

figure(1)

plot(t, ecgl2sec(;,1), t, s(:,1))
xlabel( 'tiempo (segundos)' )
ylabel( 'Amplitud (mV)' )

titte(  'Lead CM5' )

legend( ‘'se!tal cruda' , 'selxal filtrada' )
% grlifico lead V1

figure(2)

plot(t, ecgl2sec(:;,3), t, s(;,3))

xlabel( 'tiempo (segundos)' )

ylabel( 'Amplitud (mV)' )

title( 'Lead V1' )

legend( ‘'se!+al cruda' , 'selxal filtrada' )
%Detecci !"n del QRS, Pico de la onda R: Rp

H1 = grsdetect(s(:;,1),fs);

H3 = grsdetect(s(:,3),fs);

Rpl = H1.EVENT.POS;

Rp3 = H3.EVENT.POS;

figure(1)

m = max(s(;,1));

plot(t, s(:,1), Rpl/fs,m, ‘or' )
xlabel( 'tiempo (segundos)' )
ylabel( 'Amplitud (mV)' )

legend( ‘'se!tal filtrada' , 'Rpeak’ )
titte(  'Lead CM5' )

figure(2)

m = max(s(;,1));

plot(t, s(;,1), Rp3/fs,m, ‘or' )
xlabel( 'tiempo (segundos)' )
ylabel( 'Amplitud (mV)' )

legend( ‘'se!tal filtrada' , 'Rpeak’ )

title( 'Lead V1' )
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%% Leer todo el registro
[ecgl,hdr] = sread(hdr);
hdr=sclose(hdr);
N=length(ecgl);
fs=hdr.SampleRate;

ecgl= -ecgl; % invertimosy dejamos amplitud en micro Voltios;
t=(1:N)'ffs;
fN = fs/2; % Nyquist frequency

fc1=0.6; %fc=0.5;

%Filtrado pasa alto

[bfpa,afpa]=butter(3,fc1/fN, " high' );
s=filtfilt(bfpa,afpa,ecgl);

%filtrado pasa bajo

[bfpb,afpb]=butter(3,40/fN);
s=filtfilt(bfpb,afpb,s);

% grlifico lead CM5

figure(3)
plot(t/3600, ecgl(:;,1), /3600, s(:,1))
xlabel(  'tiempo (horas)' )

ylabel( 'Amplitud ( \ muVv)')
titte(  'Lead CM5' )

legend( ‘'se!tal cruda' , 'selxal filtrada' )
% grlifico lead V1

figure(4)

plot(t/3600, ecgl(:,3), /3600, s(:,3))

xlabel(  'tiempo (horas)' )

ylabel( 'Amplitud ( \ muVv)')
title( 'Lead V1' )

legend( ‘'se!tal cruda' , 'selxal filtrada' )
clear ecgl
pack

%%Detecci I"'n del QRS, Pico de la onda R: Rp
H1 = grsdetect(s(:;,1),fs);

H3 = grsdetect(s(:,3),fs);

Rpl = H1.EVENT.POS;

Rp3 = H3.EVENT.POS;

figure(5)

m = max(s(;,1));

plot(t, s(:,1), Rp1/(fs),m, ‘or' )
xlabel(  'tiempo (horas)' )

ylabel( 'Amplitud ( \ muVv)')

legend( ‘'se!tal filtrada' , 'Rpeak’ )
%% RR

RR = diff(Rp1)/fs*1000; % en mili segundos
% probamos un filtro

% RRf1 = filterl(RR);

% probamaos otro filtro

RRf12 = filter12(RR);

tR = Rp1(2:end);

figure(6)

plot(tR/(fs*3600),RRf12)

xlabel(  'tiempo (horas)' )

ylabel( 'intervalo RR (ms)' )

% Heart rate (HR)

figure(7)

HR = 1./RRf12*60000;

plot(tR/(fs*3600), HR)

xlabel(  'tiempo (horas)' )

99!
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ylabel( 'Frecuencia cardiaca (heart rate) (latidos/min)’ )
%% Detecci!"n de picos con findpeaks

figure(8)

plot(t(1000:3500),s(1000:3500,1))

help findpeaks

% fs = 250 muestras/s Picos 1500 microV

[pic,pos] = findpeaks(s(:,1), ‘MINPEAKHEIGHT" ,400,
‘MinPeakDistance' ,80);

plot(t, s(:,1),pos/fs,pic, ‘or' )

RR2 = diff(pos)/fs*1000; % en milisegundos

RRf122 = filter12 (RR2);

% RRf122 = filter1(RR2);

tR2 = pos(2:end);

figure(9)

plot(tR2/(fs*3600),RRf122)

xlabel(  'tiempo (horas)' )

ylabel( 'intervalo RR (ms)' )

% Heart rate (HR)

figure(10)

HR2 = 1./RRf122*60000;

plot(tR2/(fs*3600), HR2)

xlabel(  'tiempo (horas)' )

ylabel( 'Frecuencia cardiaca (heart rate) (latidos/min)’ )
save RR_run RR RRfl2 RR2 RRf122 tR tR2 HR HR2 fs
save ecg_run st

Segmentos cinco minutos
load RR_run

figure(1)

plot(tR/(fs*60), HR)

xlabel( 'tiempo (minutos)' )

ylabel( 'Frecuencia cardiaca (heart rate) (latidos/min)' )
figure(2)

plot(tR2/(fs*60), HR2)

xlabel( 'tiempo (minutos)'

ylabel( 'Frecuencia cardiaca (heart rate) (latidos/min)’ )
%% ANTES DE CORRER

Min = 42;

ind1 = find(tR>=Min*60*fs & tR <=(Min+5)*60*fs);
%[hd,ecgl] =

read_ishnel('H: \ Export RCG_Holter_Livanova \ BH0005.ecg',Min*60,(Min+
5)*60);

figure(3)

t1 = tR(ind1);

RR1 = RRf12(ind1);

RRdatal = [(t1/fs) RR1];

plot(t1/(fs*60), RR1)

% figure(4)

% RR11 = RRf122(ind1);

% RRdatall = [t1 RR11];

% plot(t1/(fs*60), RR11)

%% EMEZANDO CARRERA

Min = 55;

ind2 = find(tR>=Min*60*fs & tR <=(Min+5)*60*fs);
figure(4)

t2 = tR(ind2);

RR2 = RRf12(ind2);

RRdata2 = [(t2/fs) RR2];



UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH !

plot(t2/(fs*60), RR2)

%% MITAD DE LA CARRERA

Min = 150;

ind3 = find(tR>=Min*60*fs & tR <=(Min+5)*60*fs);
figure(5)

t3 = tR(ind3);

RR3 = RRf12(ind3);

RRdata3 = [(t3/fs) RR3];

plot(t3/(fs*60), RR3)

%% FINALIZANDO LA CARRERA

Min = 227;

ind4 = find(tR>=Min*60*fs & tR <=(Min+5)*60*fs);
figure(6)

t4 = tR(ind4);

RR4 = RRf12(ind4);

RRdata4 = [(t4/ fs) RR4];

plot(t4/(fs*60), RR4)

%% REPOSO

Min = 240;

ind5 = find(tR>=Min*60*fs & tR <=(Min+5)*60*fs);
figure(7)

t5 = tR(ind5);

RR5 = RRf12(ind5);

RRdata5 = [(t5/fs) RR5];

plot(t5/(fs*60), RR5)

%% FICHERO RR_01

save RRO1min_05 RRdatal RRdata2 RRdata3 RRdata4 RRdata5

3.! Obtain HRVS5min_indexes

%% Script computes HRV time, frequency and DFA (alpha) values for
24h

% EVA project, Hosp Clinic, GE SEER Holters, MARS
% uses calc_ HRVshort

% P Gomis 2018

patients=[1:17, 19:27]
Result5min=zeros(length(patients),100);
Result5min(;,1)=patients';

segments=[1:5];

for i=1l:length(patients)
numPat=num2str(patients(i));

if  patients(i)<10

nunPat=[ '0' numPat];

end
v=genvarname([ ' ' numPat]);
eval[ ‘'load' v]) %i.e. load RR32

for n=1:length(segments)
%eval([ 'load ' v])
numSeg=numz2str(segments(n));

% if segments(n)<10

% numSeg =['0' numSegq];

% end

vl=genvarname([ 'RRf" numSeg]);
v2=genvarname([ 'tt' numsSeg J);

eval([ ‘'databmin=([' v2 'toovl DD

[ P,E,HR,a]=calc_HRVshort(data5Smin);

position = 2+((segments(n) - 1)*10);
Result5min(i,position:(position+10))=[P(3:7) E(1:3) HR(1:1)
a(1:1)];

go!
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%save indixesHRV_segments5min.mat

clear a data E HR num* P RR* t*

end

end

INFREQ=log(Result5min(:,[2:5 7]));

Res_freg5min=[Result5min(;,1:9) INFREQ)];

Res_DFA5min=Result5min(:,[1 19:20]);

Res_temp5min=Resultmin(;,[1 10:18]);

save indexes HRV_5min Res_fregbmin Res_DFAbmin Res_temp5min
% XxlIswrite('res24h3.xIs', Result24);

Xlswrite( 'res_ fregbmin.xIs' , Res_freg5min);
Xlswrite(  'res_ DFA5min.xIs' , Res_ DFA5min);
xlswrite( 'res_temp5min.xIs' , Res_temp5min);

Guion_obtain HRVSmin_indexes

%% Script computes HRV time, frequency and DFA (alpha) values for
24h

%

% uses calc_ HRVshort

% P Gomis 2018, 2020

patients = [1:17, 19:27];

%
patients=[1,3:6,8:12,14:19,21,22,25,27:32,34,35,40,42,43,45,46];
ult5min=zeros(length(patients),51);

Result5min(;,1)=patients';

segments=(1:5);

for i=1l:length(patients)

numPat=num2str(patients(i));

if  patients(i)<10

numPat=[ '0' numPat];

end
v =genvarname(] 'RR_' numPat]);
eval[ ‘'load' v]) %i.e. load RR_05

for n=1:length(segments)
%eval([ 'load ' v])
numSeg=numz2str(segments(n));

% if segments(n)<10

% numSeg =['0' numSegq];

% end

vl=genvarname(] 'RRdata’ numsSeq]);
eval[ 'RRf=" vl '(;,2); )
eval([ 'tt=" vl '(;,1); )

tt=tt - tt(d);

data5min = [tt, RRf];
%vl=genvarname(['RRf numSeg ]);
%v2=genvarname(['tt' numSeg ]);
%eval(['dataSmin=(['v2"'"'v1);])
[P,E,HR,a]=cal ¢_HRVshort(data5min);

position = 2+((segments(n) - 1)*10);
Result5min(i,position:(position+9))=[P(3:7)' E(1:3)' HR(1:1)
a(1:1)];

%save indixesHRV_segments5min.mat

clear a data P E HR num* P t*

end

end

%INFREC=log(Result5min(:,[2:5 7]));

Res_freg5min= Result5min(;,[1 2:6 12:16 22:26 32:36 42:46));
Res_DFA5min = Result5min(;,[1 11:10:51));

Res
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Res_temp5min=Resultmin(;,[1 7:10 17:20 27:30 37:40 47:50));

save indexes_HRV_5min Resultbmin  Res_fregbmin  Res_DFA5min
Res_temp5min

% XxlIswrite('res24h3.xIs', Result24);

xlswrite( 'res_freg5min.xIs' , Res_freg5min);
Xlswrite(  'res_ DFA5min.xIs' , Res_ DFA5min);
xlswrite( 'res_temp5min.xIs' , Res_temp5min);

.l EstadisticoTemp Corred_tiempoCarrera

data = restemp5min26runnersN; % medidas en el dominio del tiempo
%% RRmean

[h,p] = lillietest(data(:,[3])) % prueba normalidad p = 0.5 RR es
NORMAL

RRmean = data(;, 3:4:22);

%% Frecuencia cardiaca (HR)

HR =60000./dat  a(:,3:4:22);

%% SDNN

SDNN = data(;,4:4:22);

%% RMSDD

RMSDD = data(:,5:4:22);

%% Correlaci!"n entre #ndices y tiempo de carrera (t)
% HR

t = data(:,23);

% Coeficiente de correlaci!"n de Pearson: (letra griega \ rho)
[rho, p_valor] = corrcoef([t HR]);

% solo hay significancia estad!#stica entre t y HR3 (HR de mitad de
carrera)

HR3 = HR(;,3);

pol = polyfit(t,HR3,1);

tl = linspace(170, 260)';

HRinter = polyval(pol,tl);

plot(t,HR3, ‘0" ,t1,HRinter, - )

ylim([40 200])

xlim([170 260])

xlabel(  ‘tiempo de carerra (min)" )

ylabel( 'Frecuencia cardiaca, HR (Ipm)’

titte(  'Frecuencia cardiaca a mitad de la carrera vs. tiempo de
carrera’ )

% SDNN

[rho, p_valor] = corrcoef([t SDNN]);

SDNN3 = SDNN(:,3);

pol = polyfit(t, SDNN3,1);

t1 = linspace(170, 260)';

SDinter = polyval(po I,t1);

figure(3)

plot(t, SDNN3, ‘o' ,t1,SDinter, - )

ylim([0 40])

% xlim([170 260])

xlabel(  'tiempo de carerra (min)' )

ylabel(  'SDNN (ms)' )

title(  'SDNN a mitad de la carrera vs. tiempo de carrera' )
% RMSDD

[rho, p_valor] = corrcoef(t RMSDD]);

RMSDD3 = RMSDD(:,3);

pol = polyfit(t, RMSDD3,1);

t1 = linspace(170, 260)';

SDinter = polyval(pol,tl1);

figure(4)
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plot(t, RMSDD3, 'o' ,t1,SDinter, - )
%ylim([O 40])

% xlim([170 260])

xlabel( 'tiempo de carerra (min)' )
ylabel( 'RMSDD (ms)' )

titte( 'RMSDD a mitad de la carre
%% Diferencia entre m!js rapidos y m!js lentos
VB = data(:,24);

% Para Indices tiempo

figure(5)

boxplot(HR(;,1),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'
ylabel( 'Frecuencia cardiaca, HR (Ipm)’ )

titte(  'Frecuencia cardiaca antes de la carrera vs. tiempo de
carrera’ )

[p] = anoval(HR(:;,1), VB)
% Para Indices tiempo durante inicio

boxplot(HR(:,2),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'
% Para Indices tiempo du rante mitad
boxplot(HR(:,3),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'

ylabel( 'Frecuencia cardiaca, HR (Ipm)’

titte(  'Frecuencia cardiaca a mitad de la carrera vs. tiempo de
carrera’ )

% Para Indices tiempo durante despu!©s

boxplot (HR(:;,4),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'
% Diferencias durante la mitad entre r!jpidos y lentos

[p] = anoval(HR(;,3), VB)

% SDNN

% Para Indices tiempo durante antes

boxplot(SDNN(:,1),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'

% Para Indices tiempo durante inicio

boxplot(SDNN(:,2),VB, ‘Notch' |, 'off | 'Labels' { 'lentos'

% Para Indices tiempo durante mitad

boxplot(SDNN(:,3),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'

% Para Indices tiempo durante despu!©s

boxplot(SD NN(,5),vB, 'Notch' ,'off ,’'Labels’ [{ 'lentos'

% Diferencias durante inicio entre hombres y mujeres

% Diferencias durante la mitad entre hombres y mujeres
[p] = anoval(SDNN(:;,5), VB)

% RMSDD

% Para Indices tiempo durante antes

boxplot(RMSDD(:,1),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'

% Para Indices tiempo durante inicio

boxplot(RMSDD(:,2),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos'

% Para Indices tiempo durante mitad

boxplot(RMSDD(:,3),VB, ‘No tch' , 'off | 'Labels' [{ 'lentos'

% Para Indices tiempo durante despu!©s

boxplot(RMSDD(:,5),VB, ‘Notch' |, 'off | 'Labels' { 'lentos'

% Diferencias durante inicio entre hombres y mujeres

ra vs. tiempo de carrera’

% VB: Velocidad Binaria, r!jpidos=1, lentos = 2

'rlipidos’

'rlipidos'

'rlipidos’

'rlipidos'

% Diferencias durante la mitad entre hombres y mujeres

[p] = anoval(RMSDD(:,1), VB)

.l EstadisticoFreq_Corred_tiempo

data = resfregsmin26runners;
frecuencia tiempo

%% LF (low frequency)

% tomamos el logaritmo natural de LF para hacer la distribuci!"n
normal

logLF = log(data(:,3:5:27));

% medidas en el dominio de la

'rlipidos'

'rlipidos'

'rlipidos'

'rlipidos'

'rlipidos’
'rlipidos’
'rlipidos’

'rlipidos’

)

)
)

)

)
)
)
)

)
)
)
)
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%% LFnom
LFnorm = data(;,[4:5:27]);
%% HF (high frequency)

% tomamos el logaritmo natural de HF para hacer la distribuci!"n

normal

logHF = log(data(:,5:5:2 );

%% HFnom

HFnorm = data(:,[6:5:27]);

%% LF/HF

LF_HF = data(:,[7:5:27]);

%% %% Correlaci!"n entre #ndices y tiempo de carrera (t)
t = data(:,28);

% Coeficiente de correlaci!"'n de Pearson: (letra griega
%LF

[rho, p_valor] = corrcoef([t logLF]);

% NO hay correlaci!"n con el tiempo de carrera

LF3 =logLF(:,3);

pol = polyfit(t,LF3,1);

tl = linspace(170, 260)';

LFinter = polyval(pol,t1);

plot(t,LF3, ‘0" ,t1,LFinter, - )

% ylim([40 200])

% xlim([170 260])

xlabel(  'tiempo de carerra (min)' )

ylabel( 'log LF (ms*2)' )

titte(  'LF a mitad de la carrera vs. tiempo de carrera’
% LFnorm

[rho, p_valor] = corrcoef([t LFnorm]);

% NO hay correlaci!"n con el tiempo de carrera

figure

LFn3 = LFnorm(;,3);

pol = polyfit(t,LFn3,1);

tl = linspace(170, 250)';

LFninter = polyval(pol,tl);

plot(t,LFn3, ‘0" ,t1,LFninter, - )

% ylim([40 200])

% xlim([170 260])

xlabel( 'tiempo de carerra (min)' )

ylabel( 'LF normalizado' )

titte(  'LF norm a mitad de la carrera vs. tiempo de carrera’
%HF

[rho, p_valor] = corrcoef([t logHF D;
% NO hay correlaci!"n con el tiempo de carrera
figure

HF3 = logHF(:,3);

pol = polyfit(t,HF3,1);

t1 = linspace(170, 250)";

HFinter = polyval(pol,tl);

plot(t,LF3, ‘0" ,t1,HFinter, - )

% ylim([40 200])

% xlim([170 260])

xlabel( ‘tiempo de carerra (min)' )
ylabel( 'log HF (ms”2)' )

titte(  'HF a mitad de la carrera vs. tiempo de carrera’
% HFnorm

[rho, p_valor] = corrcoef([t HFnorm]);

% NO hay correlaci!"n con el tiempo de carrera
figure

\ rho)
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HFNn3 = HFnorm(:,3);

pol = polyfit(t,HFn3,1);

tl = linspace(170, 250);

HFninter = polyval(pol,tl);

plot(t,HFn3, ‘0" ,t1,HFninter, - )
% ylim([40 200])

% xlim([170 260])

xlabel( ‘tiempo de carerra (min)' )

ylabel( 'HF normalizado' )

titte(  'HF norm a mitad de la carrera vs. tiempo de carrera' )
% LF/HF

[rho, p_va lor] = corrcoef(t LF_HF]);

% NO hay correlaci!"n con el tiempo de carrera
figure

LF_HF3 = LF_HF(:,3);

pol = polyfit(t,LF_HF3,1);

tl = linspace(170, 250)';

LHinter = polyval(pol,tl);

plot(t,LF_HF3, ‘0" ,t1,LHinter, - )
% ylim([40 200])

% xlim([170 260])

xlabel(  'tiempo de carerra (min)' )

ylabel( 'LF/HF ratio' )

titte(  'LF/HF a mitad de la carrera vs. tiempo de carrera' )

%% Diferencia entre m!js rapidos y m!js lentos

VB = data(:,29); % VB: Velocidad Binaria, r!'jpidos=1, lentos = 2

% Para Indices frecuen ciales

figure

boxplot(logLF(:,1),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos' , 'rlipidos'
ylabel( 'log LF (ms”2)' )

titte(  'LF antes de la carrera vs. tiempo de carrera’ )

[p] = anoval(logLF(;,1), VB)
% Para Indices tiempo durante inicio

boxplot(logLF(:,2),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos' , 'rlipidos'
% Para Indices tiempo durante mitad

figure

boxplot(logLF(:,3),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos' , 'rlipidos'
ylabel( 'log LF (ms”2)' )

titte(  'LF a mitad de la carrera vs. tiempo de carrera ")

ylim([0 5])

% Para Indices tiempo durante despu!©s

boxplot(logLF(:,4),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos' , 'rlipidos'

% Diferencias durante la mitad entre r!jpidos y lentos
[p] = anoval(logLF(;,3), VB)

7.! Estadistico DFA_ Corred_tiempo

data = resDFA5min26runnersN; % medidas fractales

%% DFA

[h,p] = lillietest(data(:,3)) % prueba normalidad DFA es NORMAL
% ANOVA

DFA = data(:,[3:7]);

p = anoval(DFA) % RR asume dist. Normal

t = data(;,8);

% Coeficiente de correlaci!"n de Pearson: (letra griega \ rho)
[rho, p_valor] = corrcoef([t DFA]);

% No hay significancia estad!#stica entre t y DFA (DFA a mitad de

carrera, algo)

DFA3 = DFA(:,3);

Z1!
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pol = polyfit(t,DFA3,1);

tl = linspace(170, 260)';

Dinter = polyval(pol,tl);

figure

plot(t,DFAS3, ‘0" ,t1,Dinter, - )
% ylim([40 200])

% xlim([170 260])

xlabel( ‘tiempo de carerra (min)' )

ylabel( 'DFA' )

titte(  'DFA (fractal) a mitad de la carrera vs. tiempo de carrera’ )
%% Diferencia entre m!js rapidos y m!js lentos

VB = data(:,9); % VB: Velocidad Binaria, r!ljpidos=1, lentos = 2

% Para Indices tiempo

figure

boxplot(DFA(:,1),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos' , 'rlipidos' b
ylabel( 'DFA' )

title(  'DFA (fractal) antes de la carrera vs. tiempo de carrera’ )
[pl= anoval(DFA(;,1), VB)

figure

boxplot(DFA(:,3),VB, ‘Notch' |, 'off | 'Labels' [{ 'lentos' , 'rlipidos' b
ylabel( 'DFA' )

title(  'DFA (fractal) a mitad de la carrera vs. tiempo de carrera’ )
[p] = anoval(DFAC(:;,3), VB)

titte(  'DFA (fractal) a mitad de la carrera vs. tiempo de carrera’ )

8.! analisisEstadisticoTempGender_Corred

data = restemp5min; % medidas en el dominio del tiempo

%% RRmean

[h,p] = lillietest(data(:,[3])) % prueba normalidad p = 0.5 RR es
NORMAL

RRmean = data(;, 3:4:end);

p = anoval(RRmean) % RR asume dist. Normal

%p = kruskalwallis(data(:,[3,7, 11, 15, 19])) % sila

distribuci!"n no fuera normal

%boxplot(data(:,[3:4:end]))

boxplot(RRmean, ‘'Notch' ,'off |, 'Labels' [{ 'antes’ , 'inicio' , 'mitad" |, fi
nal' , 'despu!©s' })

ylabel( 'RRmean (ms)' )

xlabel( 'medidas durante la Marat!"n' )

%Diferencias entre antes y inicio

[h, p] = ttest2(data(:,4), data(:,7)) % diferente p < 0.001

% Diferencia entre inicio y mitad

[h, p] = ttest2(data(;,7), data(;,11)) % diferente p = 0.259 NO
HAY

% Difencias entre final y d espul©s

[h, p] = ttest2(data(;,15), data(;,19)) % p < 0.001

[h, p] = ttest2(HR(:,4),HR(:,5)) % p < 0.001

%% Frecuencia cardiaca (HR)

HR = 60000./data(:,3:4:end);

p = anoval(HR)

boxplot(HR, 'Notch' ,'off ,'Labels’ ,{ 'antes' , 'inicio' , 'mitad" , ‘final’
, 'despul©s' })
xlabel( 'medidas durante la Marat!"n' )

ylabel( 'HR (Ipm)" )

%RR o HR Diferencia entre antes y inicio

[h, p] = ttest2(data(:,4), data(:,7)) % diferente p < 0.001
% Diferencia entre inicio y mitad

Za!
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[h, p] = ttest2(data(;,7), data(;,11)) % diferent e p=0.259 NO
HAY
% Difencias entre final y despu!©s
[h, p] = ttest2(data(;,15), data(;,19)) % p < 0.001
[h, p] = ttest2(HR(:,4),HR(:,5)) % p < 0.001
%% SDNN
[h,p] = lillietest(data(:,[4])) % prueba normalidad p = 0.12 SDNN
Si es NORMAL

Zc!

SDNN = data(:,4:4:end);

p = anoval(SDNN) % SDNN si se asume dist. No Normal

%p = kruskalwallis(SDNN) % si la distribuci!"n no fuera normal (es

el caso)

boxplot(SDNN, ‘Notch' ,'off | 'Labels’ [{ 'antes' , 'inicio’ , 'mitad"
I' ,'despul©s' })

xlabel( 'medidas durante la Marat!"n' )

ylabel(  'SDNN (ms)' )

% SDNN Diferencia entre antes y inicio Asume normalidad

[h, p] = ttest2(SDNN(:,1),SDNN(:,2)) % diferente p < 0.001
% Diferencia entre inicio y mitad

'fina

[h, p] = ttest2(SDNN(:,2),SDNN(:,3)) % diferente p=0 .31 NO HAY

% Difencias entre final y despu!©s

[h, p] = ttest2(SDNN(:,4),SDNN(:,5)) % p = 0.002

%% RMSDD

[h,p] = lillietest(data(:,[5])) % prueba normalidad p = 0.5 RMSDD
Sl# es NORMAL

RMSDD = data(:,5:4:end);

p = anoval(RMSDD) % SDNN si se asume dist Normal. Es el caso p =

0.0034

%p = kruskalwallis(data(:,[5:4:end])) % si la distribuci!"n no

fuera normal (no es el caso)

boxplot(RMSDD, 'Notch' ,'off ,‘'Labels’ ,{ 'antes' , 'inicio’ , 'mitad’
al' , 'despu!©s' })

xlabel( 'medidas durante | a Marat!'n" )

ylabel( 'RMSDD (ms)' )

% SDNN Diferencia entre antes y inicio Asume normalidad

[h, p] = ttest2(RMSDD(:,1),RMSDD(:,2)) % no hay

% Diferencia entre inicio y mitad

[h, p] = ttest2(RMSDD(:,2),RMSDD(:,3)) % diferente p = 0.25 NO HAY
% Difencias ent re final y despu!©s

[h, p] = ttest2(RMSDD(:,4),RMSDD(:,5)) % No hay

%% Diferencia entre hombres y mujeres

% Para Indices tiempo durante antes

boxplot(RRmean(;,1),data(:,2), ‘Notch' |, 'off | 'Labels’ ,{ 'Hombres'
jeres' 1}

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RRmean (ms)' )

% Para Indices tiempo durante inicio

boxplot(RRmean(;,2),data(:,2), ‘Notch' |, 'off | 'Labels’ ,{ 'Hombres'
jeres' 1}

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RRmean (ms)' )

% Para Indices tiempo durante mitad

boxplot(RRmean(:,3),data(:,2), ‘Notch' , 'off"Labels’ { 'Hombres'
eres' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RRmean (ms)' )

% Para Indices tiempo durante finalizando

, 'fin
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%
boxplot(RRmean(:,4),data(:,2),'Notch','off"Labels',{'Hombres','Muj
eres'})

% xlabel('medidas durante la Marat!"n entre hombres y mujeres’)
% ylabel('RRmean (ms)")

% Para Indices tiempo durante despu!©s

J{ 'Hombres' , 'Mu

boxplot(RRmean(:,5),data(:,2), ‘Notch' ' off , 'Labels'

jeres' 1

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RRmean (ms)' )

% Diferencias durante la mitad entre hombres y mujeres

[p] = anoval(RRmean(:,3), data(:,2),)

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RRmean (ms)' )

% SDNN

% Para Indices tiempo durante antes

boxplot(SDNN(;,1),data(:,2), ‘Notch' |, 'off | 'Labels’ { 'Hombres'
res' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel(  'SDNN (ms)' )

% Para Indices tiempo durante inicio

boxplot(SDNN(;,2),data(:,2), ‘Notch' |, 'off | 'Labels’ { 'Hombres'
res' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel(  'SDNN (ms)' )

% Para Indices tiempo durante mit ad

boxplot(SDNN(:,3),data(:,2), '‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel(  'SDNN (ms)' )

% Para Indices tiempo durante despu!©s

boxplot(SDNN(:,5),data(:,2), ‘Notch' |, 'off | 'Labels’ { 'Hombres'
res' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel(  'SDNN (ms)' )

% Diferencias durante inicio entre hombres y mujeres

% Diferencias durante la mitad entre hombres y mujeres

[p] = anoval(SDNN(:,5), data(:,2))

% RMSDD

% Para Indi  ces tiempo durante antes

boxplot(RMSDD(;,1),data(;,2), ‘Notch' |, 'off | 'Labels’ { 'Hombres'
eres' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RMSDD (ms)' )

% Para Indices tiempo durante inicio

boxplot(RMSDD(;,2),data(;,2), ‘Notch' |, 'off | 'Labels’ { 'Hombres'
eres' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )
ylabel( 'RMSDD (ms)' )

% Para Indices tiempo durante mitad

boxplot(RMSDD(;,3),data(;,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas durante la Marat!"n entre hombres y mujeres'

ylabel( 'RMSDD (ms)' )

% Para Indices tiempo durante despu!©s

boxplot(RMSDD(;,5),data(;,2), ‘Notch' |, 'off | 'Labels’ ,{ 'Hombres'
eres' })

xlabel( 'medidas durante la Marat!"n entre hombres y mujeres' )

ylab el( 'RMSDD (ms)' )
% Diferencias durante inicio entre hombres y mujeres
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% Diferencias durante la mitad entre hombres y mujeres
[p] = anoval(RMSDD(:,3), data(:,2))

% HR
boxplot(HR(:;,3),data(:,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas durante la Marat I"n entre hombres y mujeres' )

ylabel( 'HR (ms)' )
% Diferencias durante la noche 1 entre hombres y mujeres
[p] = anoval(HR(:;,1), data(:,2))

. analisisEstadisticoFreq_Gender_Corred

data = resfreg5min; % medidas en el dominio de la frecuencia
tiempo

%% LF ( low frequency)
[h,p] = lillietest(data(:,[3]))
NORMAL

[h,p] = kstest(data(:,[3])) % prueba de normalidad
Kolmogorov - Smirnov NO Normal

% tomamos el logaritmo natural de LF para hacer la distribuci!"n
normal

logLF = log(data(:,3:5:end));
[h,p] = lillietest(logLF(:,3))
NORMAL

p = anoval(logLF) % RR asume dist. Normal

%p = kruskalwallis(logLF) % si la di stribuci!"n no fuera normal
%

boxplot(data(:,3:5:end),'Notch','on','Labels' {'antes','inicio’,'mi
tad','final','despu!©s'})

% prueba normalidad LF Si es

% prueba normalidad p = 0.1 RR es

% ax = gca;

% ax.YAxis.Scale ="log";

boxplot(logLF, ‘Notch' |, 'off | 'Labels' { 'antes' , 'inicio’ , 'mitad’
al' , 'despu!©s' })

xlabel( 'medi das durante la Marat!"n' )

ylabel( 'log LF (ms)' )
% Diferencia entre antes e inicio

[h, p] = ttest2(logLF(:,1), logLF(:,2)) % diferente

% Diferencia entre inicio y mitad

[h, p] = ttest2(logLF(;,2), logLF(:,3)) % diferente NO HAY
% Difencias entre final y despu!©s

[h, p] = ttest2(logLF(:,4), logLF(:,5)) % p < 0.001

%[p, h] = ranksum(data(:,8), data(:,13)) % diferente p = 0.013
%% LFnom

LFnorm = data(:,[4:5:end]);
[h,p] = lillietest(LFnorm(:,1))
LFnomr NOes N ORMAL
p = anoval(LFnorm) % LFnomr si se asume dist. Normal

% prueba normalidad p = 0.0041

boxplot(LFnorm,  'Notch' , 'off |, 'Labels' [{ 'antes’ , 'inicio' , 'mitad'

nal' , 'despu!©s' })

xlabel( 'medidas durante la Marat!"n' )
ylabel(  'LFnorm' )

% Diferencia entre antes e inicio

[h, p] = ttest2(LFnorm(:,1), LFnorm(;,2)) % diferente

% Diferencia entre inicio y mitad

[h, p] = ttest2(LFnorm(:,2), LFnorm(:,3)) % diferente NO HAY
% Difencias entre final y despu!©s

[h, p] = ttest2(LFnorm(:,4), LFnorm(:,5)) % p < 0.001

%% HF (high frequency)
% tomamos el logaritmo natural de HF para hacer la distribuci!"n
normal

, 'fin
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logHF = log(data(:,5:5:end));

[h,p] = lillietest(logHF(:,1)) % prueba normalidad p =0.12 RR es
NORMAL

p = anoval(logHF) % RR asume dist. Normal

boxplot(logHF, ‘Labels' { 'antes’ ,'i nicio' ,'mitad’ , ‘final , 'despul©s'
)

xlabel( 'medidas en lapso de 24 h' )

ylabel( 'log HF (ms)' )
% Diferencia entre antes e inicio

[h, p] = ttest2(logHF(:,1), logHF(:,2)) % diferente

% Diferencia entre inicio y mitad

[h, p] = ttest2(logHF(:,2), logHF (:,3)) % diferente NO HAY
% Difencias entre final y despu!©s

[h, p] = ttest2(logHF(:,4), logHF(:,5)) %

%% HFnom
HFnorm = data(;,[6:5:end]);

[h,p] = lillietest(HFnorm(:,1)) % prueba normalidad p = 0.06

LFnomr es NORMAL

p = anoval(HFnorm) % LFnomrsis e asume dist. Normal

boxplot(HFnorm,  'Notch' , 'off |, 'Labels' { 'antes’ , 'inicio' , 'mitad’ i
nal' , 'despu!©s' })

xlabel( 'medidas en lapso de 24 h' )

ylabel( 'HFnorm' )
% Diferencia entre antes e inicio

[h, p] = ttest2(HFnorm(:,1), HFnorm(:,2)) % diferente

% Diferencia entre inicio y mitad

[h, p] = ttest2(HFnorm(:,2), HFnorm(:,3)) % diferente NO HAY
% Difencias entre final y despu!©s

[h, p] = ttest2(HFnorm(:,4), HFnorm(:,5)) %

%% LF/HF

LF_HF = data(;,[7:5:end]);

[h,p] = lillietest(data(:,[7])) % prueban ormalidad p=0.1es
NORMAL

p = anoval(LF_HF) % HR si se asume dist. No es el caso

figure

boxplot(LF_HF, 'Notch' ,'off ,‘'Labels’ ,{ 'antes' , 'inicio' , 'mitad' , fin
al' , 'despu!©s' })

xlabel( 'medidas en lapso de 24 h' )

ylabel(  'LF/HF' )

ylim([0 10])

% Diferencia entre antes e inicio

[h, p] = ttest2(LF_HF(:,1), LF_HF(;,2)) % diferente

% Diferencia entre inicio y mitad

[h, p] = ttest2(LF_HF(:,2), LF_HF(:,3)) % diferente NO HAY

% Difencias entre final y despu!©s

[h, p] = ttest2(LF_HF(:,4), LF_HF(:,5)) %

%% Diferencia entre hombres y mujeres

% Para log LF durante mitad de la carrera

boxplot(logLF(:,3),data(;,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas en lapso de 24 h' )

ylabel(  'In LF (ms)' )

% LF

boxplot(logLF(:,3),data(;,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas en lapso de 24 h' )

ylabel(  'In LF (ms)' )

% LF norm

boxplot(LFnorm(:,3),data(:,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas en lapso de 24 h' )
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ylabel( 'LF normalizado (%)' )

% HF

boxplot(logHF(;,3),data(:,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas en lapso de 24 h' )

ylabel( 'In HF (ms)' )

% HF norm

boxplot(HFnorm(:,3),data(:,2), ‘Labels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas en lapso de 24 h' )

ylabel( 'HF normalizado (%)’ )

% LF/HF

boxplot(LF_HF(:,3),data(:,2), ‘La bels' { 'Hombres' , 'Mujeres' })
xlabel( 'medidas en lapso de 24 h' )

ylabel( 'LF/HF' )

ylim([0 3])

% Diferencias durante la carrera entre hombres y mujeres

% Mitad de carrera

[p1] = anoval(logLF(:;,3), data(:,2));

[p2] = anoval(LFnorm(:,3), data(:,2));

[p3]= anoval(logHF(:,3), data(;,2));

[p4] = anoval(HFnorm(:,3), data(;,2));

[p5] = anoval(LF_HF(:,3), data(:,2));

% despul©s

[p] = anoval(logLF(;,2), data(:,2));

[p] = anoval(LFnorm(:,2), data(:,2));

[p] = anoval(logHF(:,2), data(:,2));

[p] = anoval(HFnorm (:,2), data(:,2));

[p] = anoval(LF_HF(;,2), data(:,2));

% otra opci!"n m!js elaborada, pero sirve tambi!©n para ranksum

% separar los valores correspondientes a hombres (0) de mujeres (1)
en2

% % variables

% indLF1_1 = data(:,2) == 1,

% indLF1_0=  data(;,2) ==0;

% logLF3_0 = logLF(indLF1_0,3);

% logLF3_1 = logLF(indLF1_1,3);

% [p, h] = ttest2(logLF3_0, logLF3 1)

% [p, h] = ranksum(logLF3_0, logLF3_1)

10.!analisisEstadistico DFA Gender_Corred

data = resDFA5min; % medidas fractales

%% DFA

[h,p] = lilli etest(data(:,3)) % prueba normalidad DFA es NORMAL
% ANOVA

DFA = data(;,[3:end]);
p = anoval(DFA) % RR asume dist. Normal

p = kruskalwallis(data(:,[3:end])) % si la distribuci!"n no fuera
normal

figure

boxplot(DFA, ‘Labels’ ,{ 'maltana' ,'tarde’ ,'nochel' ,'noche2' |, 'dia’
xlabel( 'medidas en lapso de 24 h' )

ylabel( 'DFA' )
% Diferencia entre antes e inicio

[h, p] = ttest2(DFA(:,1), DFA(:,2)) % diferente

% Diferencia entre inicio y mitad

[h, p] = ttest2(DFA(:,2), DFA(:,3)) % diferente NO HAY
% Dife ncias entre final y despu!©s

[h, p] = ttest2(DFA(:,4), DFA(:,5)) % p < 0.001

%% Diferencia entre hombres y mujeres

)
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File Edit View Insert Tools Desktop Window Help
Dode @ 0B K[E

intervalo R (ms)

% Para DFA durante inicio

boxplot(DFA(;,2),data(:,2), ‘Labels' ,{ 'Hombres'
ylabel( 'DFA' )

% Para DFA durante despu!©s

boxplot(DFA(:,5),data(:,2), ‘Labels' ,{ 'Hombres'
ylabel( 'DFA' )

titte(  'Despues correr' )

% Diferencias durante inicio entre hombres y mujeres

[p] = anoval(DFAC(:,1), data(:;,2))

% Diferencias despu!©s de carrera entre hombres y mujeres
[p] = anoval(D FA(:,5), data(;,2))

Graficos del RR obtenidos de Matlab
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3.! Intervalos de tiempo cinco minutos
a.! Antes de la carrera (min 42)

File Edit View Insert Tools Desktop Window Help ¥

File Edit View Insert Tools Desktop Window Help
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b.! Empezando la carrera (min 55)

File Edit View Insert Tools Desktop Window Help ~ File Edit View Insert Tools Desktop Window Help
Dede @ 08 K E Dade @ 08 K[E
240 T T T T 420
220+
400
Eomf
% 380
:§ 180
=
g‘mh 360 |H
2_140 340
£
E 320
=
100
§ 300
£ a0
€0 280
. . . . . oo . X . . . R . .
o 50 100 150 200 250 300 55 555 56 56.5 57 57.5 58 585 59 505 60

tiempo {minutos)

"#$%&'ICE)!IZ&'=#-'1AAI24>2:'10/1.']-'&&2&']
1

c¢.! Mitad de la carrera (min 150j

File Edit View Insert Tools Desktop Window Help ™ File Edit View Insert Tools Desktop Window Help
Dcede @ 0E KE DEde & 0B X [E
P ASNICISTA)
210 a0
220
aes|
§2m' X1508 360
g‘m Y 1744
§ e 3s5
Elw 350
% 120
345+
El
100
é o}
£ a0
60 335+
“ 5‘0 ulm 150 z;o z;o 300 3% - - ” - . " - »
tiempo {minutos) 150 1505 151 1515 152 1525 153 1535 154 1545 155

"#$%&'ICH)!IZ&'=#-'1AAI4#3'0102!."-' &&2&!

o"!



UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH !

OE!

d.! Antes de Finalizar la carrera (min 227)
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e.! Reposo (min 240)
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C.! Tablas Datos analisis estadistico +

1.! Indice Temporal
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A B C
1 |Corredor Gender RRmeanl
2 14 0 713,019048
3 24 0 490,773869
4 16 0 789,72067
5 5 0 605,790323
6 13 0 806,702703
7 4 0 884,95858
8 6 0 630,930526
9 12 0 755,593052
10 19 0 740,29
11 15 0 601,045267
12 1 0 827,495798
13 2 0 695,123894
14 8 0 882,113433
15 17 0 609,717557
16 10 1 617,875269
17 25 0 708,350711
18 26 0 717,586538
19 3 0 745,279188
20 9 0 628,422535
21 23 0 426,227106
22 11 1 608,187755
23 22 1 814,358696
24 21 1 731,850117
25 7 0 723,362319
26 27 0 590,387352
27 20 1 638,641026
o P
RRmeand SDNN4
388,899713 7,97943734
322,553525 9,91976343
448,92868 9,74505158
328,948255 13,4456861
402,929664 14,5702483
374,1755 16,405952
400,865533 15,0719277
704,485126 59,3835526
362,049451 4,88410664
379,763663 3,02899844
344,336134 4,63406009
355,43535 4,3158035
390,702065 13,1336622
398,269956 3,6824908
337,607578 16,2151105
399,243675 11,7076845
375,486658 20,471808
365,516171 4,7353603
407,20597 11,4132574
366,832335 16,3603179
320,10596 17,8748746
423,57473 21,7287794
305,136364 14,1386605
371,94132 26,1440596
359,076923 13,626719
357,791045 30,5585949

ol!

O'L. IE)!P10#-2,1324>/&'.2,102!./,!-/&&20/&2,10%&'132!."-"

2.! Indice Frecuencial

D

E F

SDNN1 RMSDD1 HR1

61,5844076 29,1217508
30,2530289 16,6820993
68,6431128 30,3931291
37,5391027 12,6695372
65,3512771 29,0980959
67,2150855 24,5863102
36,9344472 10,4723868
77,3457261 30,0436922
51,29106 19,9015119
52,2294108 20,29534
87,1205616 31,6824128
39,5178553 19,931438
65,4745846 26,2498963
32,5903421 15,3268352
51,3721372  26,133609
36,7019223 13,8399401
55,8744049 25,1606884
70,0265905 31,9273986
43,0202126 21,9735761
47,638005 28,0558326
41,010516 17,3349063
69,5568035 25,7019486
42,5935702 28,6852983
60,8585796 22,0823903
30,7775178 14,3627681
42,7495994 19,6178074

Q

RMSDD4
11,3772519
15,2535604

9,8721308
21,6866093
22,3778361
20,4131691
23,9978869
22,8661843
4,73854213
3,58042223
4,40949329
3,39623936
14,4205292
3,86598335
26,6923869
18,8331622
32,9928771
3,67273404
17,6317279
24,3858743
19,5997047
26,7226496
19,7247243

12,874751
21,1421324
20,8800144

HR4
154,28142
186,015639
133,651519
182,399508
148,909364
160,352562
149,676126
85,1685831
165,723218
157,992999
174,24834
168,80707
153,569703
150,651585
177,721129
150,284159
159,792628
164,151424
147,34558
163,562462
187,437934
141,65151
196,633398
161,315769
167,095116
167,695645

G

RRmean2 SDNN2
84,1492246 426,569464
122,255898 343,514393
75,9762309 373,197605
99,0441705 338,571429
74,3768427 389,555267
67,7997834 426,312329
95,0976336 383,94852
79,4078239 585,282883
81,0493185 448,265223
99,8260917 418,9658
72,507921 354,720764
86,3155483 512,932231
68,0184631 385,956242
98,4062199 402,4
97,1069778 345,719388
84,7038043 468,723869
83,6136087 389,582361
80,506743 426,83357
95,4771617 414,541953
140,770024 342,87108
98,6537455 360,170524
73,6776071 404,153061
81,984 330,936416
82,9459849 359,774118
101,628193 376,609375
93,9494921 383,433628

)

RRmean5
530,93617
429,419753
597,824701
407,875862
425,797823
696,899729
664,943231
706,163636
501,136915
366,898936
495,905085
577,169591
533,205674
545,192727
378,525714
597,895178
522,21913
511,120275
486,418152
456,540031
500,675585
612,826176
490,169935
434,961194
469,819334
539,661871

H

T

SDNNS
11,7597095
26,1122836
25,7812297

20,162683
69,6134601
38,2897027
27,4248735
57,9218745
22,2382219
5,12744621
23,2466178
31,6139508
19,6297949
23,1866416
48,7666268

19,500418
19,3526052
11,2525064
23,0851092
21,5618982
20,3289145
29,2922745
30,9162261
13,3615354
15,5136092
33,0455441

RMSDD2 HR2

23,516252 30,1174926
10,5538115 16,1242031
23,1939584  25,389277
16,1220388 28,1062833
11,1642508 9,34968805
15,1256642 16,7151558
11,2551214 18,4647896

79,128997 36,2542167

19,265511 23,0394971
19,3075379 17,3675812
15,4135605 20,3580847
42,1432872 33,481437
7,21132702 4,12935181
8,63949421 4,04544082
16,0841603 26,2536876
15,3435718 19,6659604
15,6124126 17,1744298
22,5766036 4,63358236
13,8344437 18,3989897
31,4269676 32,6071619
24,8913769 24,9276025
24,7027186 23,8959002
29,3819509 19,2074632
11,8086745 12,0408592

13,165619 17,3468339
17,8818296 23,1076173

u

RMSDDS
5,38351246
5,00391083
9,90171259
17,6228916
21,3126218
20,5298243
9,52251737
25,6530203
6,22294494
5,63032279
6,38353931
15,9388596

6,981325
6,18830203
20,1375388

12,857756
30,3526314
3,67045259
6,22312403
14,0236022
17,1541699
25,0553486
26,1929832
6,31787428
13,7270944
23,3510333

K

L M

Rrmean3 SDNN3 RMSDD3

169,147132 350,968792
116,974517 344,621871 11,0738989 17,2438663
155,458038 358,015831 4,64197864 6,53416422
149,105368 391,817906 5,34439295 4,42683851
173,551158 340,152632 11,6965528 19,9876472
128,007136 406,135135 12,6560883 20,8059531
154,01108 372,21374 18,2694654 29,7700743
140,570012 373,469489 8,04553767 3,47990311
144,738065 395,350877 6,25282243 7,76615389
174,992886 374,726531 11,5118724 17,9076558
166,587758 337,808696 27,3760417 21,3272734
148,458606 371,378747 5,09724111 7,48185419
181,30371 311,422222
166,771307 344,32381 12,9974749 9,19209431
159,316268 354,629299 10,5606319 17,1124305
156,480798 351,116348 17,7766298 29,1131527

HRS
113,007935
139,723428
100,363869
147,103581
140,911946
86,0955996
90,2332668
84,9661423
119,727759
163,532772
120,990895
103,955581
112,526935
110,052825
158,509707
100,352039
114,894297

117,3892
123,35066
131,423305
119,838078
97,907045
122,406528
137,94334
127,708665
111,180729

&8&28&'

140,657044 375,769935 44,5842856 45,353452
174,66517 335,901427 9,93750004 16,2523152
160,772736 478,483705 10,7827337 12,0232064
177,21519 324,304267 7,13102288 9,73450376
154,021791 419,808973 13,5803985 19,8824534
140,741883 415,527711 12,4197357 18,8608943
156,27095 385,445428 13,1155236 21,4695077
102,514531 608,757974 101,486376 37,4904499
133,84933 394,634294 7,96676845 11,6047736
143,20978 400,279675 6,60074716 4,0609688
4,5036643 3,82725585

17,64574 28,2088726

w

HR3
159,672168
178,623832

125,39612
185,011442
142,922148
144,394702

155,66406

98,5613373
152,039498
149,895195
170,955371
174,103866
167,590354
153,132358
176,391403
147,734079
161,197703
160,655694
151,763923
160,116765
177,615321
161,560134
192,664478
174,254578
169,190758
170,883527 |

X

DURACION  EDAD

0:00
0:00
2:58
2:59
3:00
3:08
3:08
3:09
3:09
3:10
3:11
3:13
3:20
3:24
3:25
3:25
3:27
3:30
3:32
3:32
3:42
3:43
3:45
3:55
3:58
4:00

43
40
31
35
29
40
38
32
41
40
44
36
42
49
28
42
49
40
45
41
38
52
42
44
41
50,
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BARCELONATECH !

A B C D E F G H | J K L

1 |Corredor Gender LF1 Lfnorm1 HF1 Hfnorm1 LF_HF1 LF2 Lfnorm2 HF2 Hfnorm2 LF_HF2
2 14 0 1199,4398 75,0179312 365,150288 22,8380109 3,28478393 51,9328789 34,4240925 75,3196216 49,9261677 0,6895
3 24 0 396,998346 79,4245849 88,7153041 17,7486286 4,47497024 595471575 30,05418 9,48764116 47,8852874 0,62762869
4 16 0 854,844578 70,6412866 321,214068 26,5439773 2,66129246 72,158691 60,122925 33,5906224 27,9878479 2,14817964
5 5 0 255,51901 75,673614 73,0501095 21,6342643 3,49785937 7,26024202 27,561707 13,4576817 51,0887488 0,53948683
6 13 0 1758,61107 87,205638 233,151539 11,5614698 7,5427813 3,41720173 28,421686 7,27349706 60,4954187 0,46981551
7 4 0 1430,33037 88,6850665 172,432307 10,6913556 8,29502541 3,03380651 22,6550118 6,38456578 47,6768749 0,4751782
8 6 0 345,618748 89,7042009 37,3322531 9,68946261 9,2579129 2,88551776 20,5830504 6,69609921 47,7647892 0,43092518
9 12 0 1549,02755 80,9287405 350,907977 18,3331411 4,41434122 625,310961 69,9178659 218,073294 24,3834193 2,86743484
10 19 0 1141,00731 90,3332349 108,375284 8,58004141 10,5282982 40,685707 47,660715 32,0149875 37,5035192 1,27083314
11 15 0 644,805383 76,2586227 180,090925 21,2986527 3,5804435 5,89121671 27,8180036 8,22138042 38,8209095 0,71657269
12 1 0 1261,27394 79,8983412 278,346664 17,6325191 4,53130609 30,9629042 53,3611051 20,1425372 34,7134119 1,53718987
13 2 0 640,813324 79,5265569 148,35381 18,4110837 4,31949353 166,540586 54,2174887 96,9240084 31,5537278 1,71825938
14 8 0 1017,79815 83,2399986 182,345899 14,9130477 5,58168928 1,58701394 62,4439252 0,6649991 26,1655886 2,38649037
15 17 0 316,089914 79,6129245 64,7186695 16,3005598 4,88406075 1,19965189 27,576474 2,02546803 46,5595618 0,5922838
16 10 1 783,741334 74,6761016 223,960748 21,3393308 3,49945846 20,654376 34,310633 29,0786121 48,3048042 0,71029442
17 25 0 466,741658 88,8062943 52,3351845 9,95774369 8,91831494 10,8508888 30,3372268 14,9762039 41,8709012 0,72454201
18 26 0 512,42955 74,6385771 142,884354 20,8120021 3,58632373 1,5089232 12,5790989 6,23760301 51,9996148 0,24190754
19 3 0 1294,08184 76,7353363 348,558696 20,6685296 3,71266548 7,42846377 79,9708134 1,26327413 13,5997243 5,88032606
20 9 0 459,065941 71,5457043 159,512154 24,8600656 2,87793707 6,46867189 28,3787517 8,75586033 38,4128906 0,73878199
21 23 0 146,484251 37,3534932 179,978497 45,8945279 0,81389863 77,1784469 46,1169317 70,491305 42,121121 1,09486478
22 11 1 278,256019 64,2435453 138,100885 31,8846309 2,01487499 78,3376887 54,5881412 47,5091276 33,1058397 1,64889765
23 22 1 1231,89827 85,7512606 187,891383 13,0789395 6,55643836 26,6464525 30,171947 44,672857 50,5833591 0,5964797
24 21 1 545,476895 74,8011649 135,041565 18,5182296 4,03932593 49,7372292 54,5286965 30,7799118 33,7451139 1,61589902
25 7 0 1079,77139 85,2630321 178,332098 14,0818098 6,05483479 2,69001253 32,4721845 3,26721439 39,4398121 0,82333517
26 27 0 510,087935 82,6001519 96,0137271 15,5478063 5,31265633 4,15727582 21,6118345 8,54093527 44,4005371 0,48674714
27 20 1 740,160596 82,827365 136,306276 15,2532973 5,43012853 36,3036511 42,4172618 35,723129 41,7389785 1,0162506

M N o] P Q R ) T u '

LF3 Lfnorm3 HF3 Hfnorm3 LF_HF3 LF4 Lfnorm4 HF4 Hfnorma LF_HF4
248,303003 51,5940673 153,720537 31,9410867 1,61528841 3,46019622 40,5396833 2,90649633 34,0525315 1,19050425
4,62507621 20,814833 10,7108513 48,2034394 0,4318122 9,12266865 32,1603579 13,0694856 46,0741644 0,69801283
9,10732156 52,58646 5,06584313 29,250615 1,79778989 4,02826362 45,7793899 3,17693592 36,1044364 1,26797132
7,61443514 23,9264542 15,8277626 49,7347775 0,48108095 16,1510134 29,1822269 27,5522168 49,7823277 0,58619651
10,0087702 24,7802364 18,3650663 45,4691913 0,5449896 13,2012297 24,0973749 26,477636 48,3319764 0,49858038
25,1084752 22,06625 66,7761083 58,6852961 0,37600986 34,2341447 40,5147166 35,9554408 42,5518005 0,95212696
9,0657242 23,0105044 189916672 48,204405 0,47735273 15,6052284 20,177501 42,1454078 54,4938524 0,37027114
682,884277 70,061465 241932177 24,8213692 2,82262692 985,884866 83,835294 176,52048 15,0105218 5,58510189
4,27196718 30,3483917 7,06257304 50,1730758 0,60487405 1,47285444 35,211649 2,02635779 48,4442979 0,72684816
3,3496977 60,8781845 1,72933268 31,429294 1,93698861 1,12578751 47,4843406 0,88414311 37,2920751 1,27330915
1,40713946 47,174055 1,00959132 33,846337 1,39377135 1,30606227 42,9587601 1,10869001 36,4668279 1,17802295
7,38036403 33,0442156 10,7524808 48,1422453 0,68638709 1,42488351 81,2544148 0,19451987 11,0925546 7,32513096
3,04645417 62,4527025 1,31014692 26,8581804 2,32527675 4,16960575 22,9589942 7,88473657 43,4155247 0,52881992
1,25268222 34,1733712 1,86786168 50,9555653 0,67065042 0,5870853 24,9355701 1,44012322 61,1670795 0,40766324
7,98011096 28,4104563 13,8815041 49,4203486 0,57487365 30,8303522 31,2236297 46,3537821 46,9450794 0,66510974
2,52461509 17,5703596 7,30853074 50,8645907 0,34543401 2,29425283 14,2225719 7,53835442 46,7318973 0,30434399
7,77809181 19,6139773 19,7713294 49,8572679 0,39340257 19,8119024 25,5639423 38,8401586 50,1167205 0,51008809
2,54571808 78,1465871 0,46867313 14,3869841 5,43175598 1,68502768 56,6459633 0,99239005 33,3614048 1,69794898
1,44312973 26,7881067 2,43937798 45,2809723 0,59159743 5,23778815 23,0283811 9,95506176 43,7682757 0,52614321
3,55505821 22,4049253 7,46889678 47,0709801 0,4759817 85,0000862 39,9316338 101,526745 47,6955844 0,83721867
38,3376881 35,1317422 46,715791 42,8092358 0,82065801 65,6117733 38,9498746 77,497717 46,0058646 0,84662847
1,15913417 24,6345193 197859114 42,0500429 0,58583815 32,6750171 30,2547682 51,8075527 47,9701509 0,63069988
17,1821651 35,9286713 19,6815509 41,154998 0,8730087 23,1370249 33,0821993 29,1409697 41,6668681 0,79396894
2,89785884 32,2253647 3,95709819 44,0045356 0,73231916 7,06226671 44,8353367 5,72463135 36,343257 1,23366315
7,55628524 21,8987368 17,9344016 519753727 0,4213291 34,1710944 34,4975056 47,1457256 47,5960739 0,7247973
31,3922685 29,5932051 51,1788864 48,2458693 0,61338319 48,1390073 44,1745002 47,0847295 43,2070478 1,02239108]

oa!



UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

X
Lfnorm5

89,9182913 8,29795956
80,5729516 3,3604472
90,0459238
45,678886
58,8121093
62,70742
80,391493
75,8739679
74,3860949
46,139302
74,9149196
85,6535619
87,1508665
93,9947063
30,4203758
71,732863
22,7133144
77,4626855
72,3883182
48,0828294
74,974074
73,1890898
80,5298425
72,0491809
72,9848178
75,8374655
oL

3.! Dominio Fractal

Y Z AA AB AC

HF5 Hfnorm5 LF_HF5 DURACION  EDAD
9,41064148 9,55495876 0:00
14,6179382 5,51192313 0:00
16,9155474 8,48337912 10,6143934 2:58
16,2758049 40,0868339 1,13949847 2:59
53,8370495 32,5169047 1,8086626 3:00
122,417701 30,8704544 2,03130862 3:08
10,8159613 14,0616911 5,71705723 3:08
159,251269 19,0399475 3,98498829 3:09
3,71355603 16,5077768 4,50612436 3:09
0,74233047 33,0150393 1,39752376 3:10
6,54782619 20,5430019 3,64673674 3:11
97,4123608 13,0253403 6,57591738 3:13
6,40257295 10,8695828 8,01786677 3:20
6,31515821 5,05550556 18,5925433 3:24
18,3517983 45,2506477 0,67226388 3:25
52,4430464 24,5052783 2,92724131 3:25
44,482815 41,4841916 0,54751734 3:27
2,44009399 17,592956 4,40305118 3:30
4,11319891 20,3225763 3,56196562 3:32
8,11402912 31,154523 1,54336593 3:32
36,6943976 20,1831349 3,71468923 3:42
71,8998625 18,1513444 4,03215808 3:43
72,6055124 14,4532392 5,57175046 3:45
2,72468097 20,677188 3,48447675 3:55
9,60752674 16,2530521 4,49053 3:58
105,938207 18,6413541 4,06823803 4:00

43
40
31
35
29
40
38
32
41
40
44
36
42
49
28
42
49
40
45
41
38
52
42
44
41
50

H)IP10#-2,1=&2-%21-#'.2,102!./,!-/1&&20/&2,10%&'132!.'"V'&&2&'
!

A
Corredor

1
2
3
4
5
6
7
8
9

oc!

B

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
1
1
0
0

C D

Gender DFA1 DFA2

1,31999275 0,60475741
1,2988776 0,34495813
1,30062044 0,48381371
1,38796007 0,27995356
1,42857716 0,51580085
1,50997956 0,31836256
1,62062645 0,2696079
1,38311292 1,11423879
1,56730786 0,59649982
1,43890167 0,28679617
1,4144736 0,46300155
1,50576116 0,71288474
1,55780117 0,55010033
1,3504511 0,6237902
1,39195865 0,31323006
1,58010986 0,39403216
1,21129891 0,27089421
1,52309208 0,80517352
1,2980325 0,27427344
0,74852996 0,52748355
1,29016482 0,60252608
1,61425066 0,55348187
1,31760557 0,71962507
1,59336117 0,38010129
1,54017475 0,34193018
1,60160614 0,5779338

E

DFA3

0,5885412
0,26756377

0,4682112
0,62670683

0,4059483
0,49036733
0,32318474
1,03426591
0,36562568
0,84137228
0,45599932
0,37286849
0,37698917

0,5582703
0,25477182
0,24335574
0,25230924
0,64974341
0,29920742
0,29609736
0,55682204
0,35015826

0,4076274
0,38620975
0,36552781

0,4230594

;

DFA4

0,31905317
0,50315464
0,36843186
0,43980768
0,39325031
0,666646
0,39670872
1,48558267
0,46316995
0,49071719
0,35249213
0,42736861
0,33420668
0,60933094
0,33902286
0,26771296
0,3562922
0,67221218
0,31297139
0,51306303
0,63574114
0,36944733
0,50727045
0,37047988
0,44465999
0,58366076

G H

DFAS DURACION  EDAD
1,66302786 0:00
1,04135844 0:00
1,54551997 2:58
0,33340977 2:59
0,84371804 3:00
1,12794347 3:08
1,31670601 3:08
1,32736539 3:09
0,99112363 3:09
0,37890075 3:10
1,14622048 3:11
1,54061631 3:13
1,33074309 3:20
1,47648951 3:24
0,38965421 3:25
1,42293103 3:25
0,36072377 3:27
1,20797075 3:30
1,06748819 3:32
0,48978677 3:32
0,98274364 3:42
0,95871622 3:43
1,02119609 3:45

0,6760803 3:55
0,77408176 3:58
1,21517306 4:00
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