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WAVES

T wave: ventricular repolarization

Prse )
* P wave: the sequential activation (depolarization) of the right and left atria QRSM Y

* QRS complex: right and left ventricular depolarization (normally the
ventricles are activated simultaneously) T T Y
¥

* U wave: probably after-repolarization (relaxation) of ventricles U C¥
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D WAVE
P WAVE I(_g_.,; &) o oo 3 B2 (el Nz ge asals T3 v

= Normal

* P duration < 0.12 sec(3 small boxes) (AS.>55 & YU ,a):h.:l.» O, 12 0,06 uLo) Ode v
« P amplitude < 2.5 mm(2.5 small boxes) P
Upright in Il Il and aVF Yb @ g, 9 0oues Yogoro izge JS& v

= Abnormal

& Multifocal P

£ P Pulmonale .
¥ RtAtria Enlargment w‘ o 9SM L’ LSQ""Q aVR "&'J )d

% P Mitrale

v' L Atria Enlargment
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INCREASED P WIDTH

BIPHASICITY OF THE P WAVE INCREASED P AMPLITUDE

= Usually indicates LAE ) . = Atrial Hypertrophy
Y = An important sign of LAE . Righ | dilat

= Diseased atrial muscle ight atrial dilation

= Second half of the P is significantly negative = Found in AV disease

= Normal P wave dose, not exceed
0.12 seconds in duration = Lead lILVI = Hypertension

= Pulmonale disease

A = Congenital heart disease

i

P zse s
3,10 3529 P zlgel LT
fai s Sl ple g JSo P zlgel aca LT Y
93,5 3529 QRS uSLoS G P 250 2 slil s LT F

QRS uSLpos
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5 095 SheS ((shie ) oy Gl Cond sl Qse )
oo €Wyl Vo 5l 7S T 31y 5 4o /oY 5 2eS T ol

QRS COMPLEX

5 Q wave:

= Negative deflection preceding an R wave

= RWave: ] gs"l‘“ O Py uw‘fﬂﬁw )‘ gs""l" 9 ML“"" R
= First positive deflection |) < ’ S ( " ‘..‘ ) o.,\.39) YL’ w“ . Q Tso JL..,A.: R Too Y
= SWave:
= Negative deflection following an R wave R0 T J‘i““‘
= The normal QRS is 0.04 to 0.10 orl2 sec(1-2.5 or 3 small S 03RS uLW as M; ]) R s ).| dxy o o S Z 9o Al
boxes)
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QRS SlaS loj (3]

ST okl b slaS 955 G sl e i jled

ey G99 5
(dmles oy ol 4 |, Ll g a8 5 o5lail 1) o yo s ST) S5 lo SLass o5lal g IS QRS (slo (uSLoS 4o LT LY
098 oo ol P zgo Jlins QRS uSLes o LT Y

QRS SdeS” Jlo 5 slo (Sg
ORS COMPLEX

" Qwave (PR-Interval) PR _l; alols 5l o iogsdee v/
= |ess than 4 (13) of the R height
= ess than | box in width (0.04 sec) 6‘)‘.’ % é)b ¢;))" B GL“° 30 5 Ty L_;))" aols v
" Rwave N N LBl oo Dglite «axd 8 13 solitul 8,90 slaad
= Small R-waves begin inV| orV2 and progress in size toV5.
x The R-V6 is usually smaller than R-V5 5 ot wldasl 430,106 0,06 :kej wae V7

= Limb leads (I, II, llf): 0.05 to 0.10

= Precordial leads (VI toV6):0.05 to 0.12 (ML‘ “S”'; & ¥ )‘

" Swave w3l oS ze 16 Qzge slol 5l by e Jsb v/
= progress in size toV2.
= SV is usually smaller than S-V2 '“'\"-’S" ounlive ‘) T Aw o Ao ol US'°"° Lo

= Decrease s-waves fromV3

> QRS SLoS a5 058 (oo sl ol 57500575 2SI AL 5 ()0 (e (lod Gloj G20 o (sl gy gl Yoo
Pl ol ,57520)5°9 58Ul slo Ceond b 512Gk g 1SL

D oo wlex R Glanl 5l e Job wil atilas 5929 Q 250 S
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Sl ol g il oad slomgl o s 4 lpedlagl 45 0l oo o2l 553k 0985 hles Prge 435S g QRS uSLaS (cole o 1
Sl Sk S g o 5l el Lite a3l gs QRS COMPplEX 31 &g cnl ,o a5 widly o iy caty,] ooias
ol b Sl

2255 (o (ot JD R p3o zge cnl a5 095 (lled QRS uSliaS )0 ol (Sas Rzge (eago o aigad 5l im0

Sgh 0 QRS WSLeS 556 5 QT Interval  alisS el iS5 oyhay § i o b o slows

QRSstd.o.C v

S Sl asle ol&AIN Al a AN o M09 £ Ll Cui plae o glild L) S0

[}



mﬂ OV i 53 (81 8 g S 9 S ppend

R —— Al ) Sebosins lis ol (oo R zg0 JSGV sl SIS
LY QRS 5 Sy .58 i

V1 Bl oo o culas yo 3t Kbl wsly

M by e5eles sl onims Lis QRS LuSloaS s sl
sl o bo oyl uled i

Tzse
09 (o0 0343 QRS (uSooS 5l oy 5 ol (hy a2 (gl Vo) Spne T s
il o gz o QRS LuSLaas b "Voare T zge

Coio VB B V3,111 cload j5 g el iie AVR o 4o
m s n i VIVLAVLAVEI > 2
Normally upright in leads I, Il, andV3-Vé .l . 91? 6L®Q_J 3 . ]. a L; ;L.é_c‘ 6[_@&_._] ).) T Cgﬁ 6lﬁ_sj|

= Variable in the Ill, aVL, aVE andVI-V2

= Inverted T waves can be a sign of coronary ischemia, left ventricular hypertrophy, w‘ d""-;l" M /\ q Q‘ QLO} 5 ML,’ ‘5'° )':‘Q”'L“q \ ¢ lJ

or CNS disorder.

Normally inverted in lead aVR .

= Tall or symmetrical T waves may indicate hyperkalemia

" Sometimes the hyperacute T wave o te myecsrdal infrction s s B Bl ey alas 3 (60,5 g0l a5l s udleos]
b oo ,lasl (60,8
D9b (g0 03 Y5, aed 5l ol a5 gl alae Cand (155
50 Loty 31 o obj JLad 15 s09h e 03 V) dem 1 3T (60,503l Zglaws g 0500 18 (63,500 (a2 )1 o o
zobaw 30 1) Ggmwl i Vo, dgy oyl 5l g ams o zals o,guil a |y 59,5 93 b, g0l Hlade a4 oLl oL >
= o550 (655D (315 zsha 5 B 5 (60, D sl (201 pobaw 07 tonlple S (o 5 atnl (90,5 5]
25 o0 St rmb EKG 0 T zge azis o el (ygmnl i Va0 by oz o Lotk gl Vg ) gz 1) g
T zse Js
OO FR | W) | PRPSPR VPR | L WP W1 L P NIV WV V| P T P SORPLINC SYLIOW] IR OO
8l o siie CNS (slo ol 5 G Gl (Dol o oel8 (oSl 0 T 5o
ol Sl b B8 oSl Silas T flat g 5 ule Silas (Sharp)ails T zgs
Dgdus oy hyperacute T ol> sla MI o
T zse 23
$o,l0 0925 T zge LT )
€5, orsbs IS5 T Zlgal ann LT Y
Sl oo low Tzge ;o P zge a5 ol (S LT Y
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U WAVE

Typically small, and, by definition, follows the T wave

Repolarization of the papillary muscles or Purkinje fibers

most often seen in hypokalemia, but may be present in hypercalcemia,
thyrotoxicosis, or exposure to digitalis, epinephrine

May represent myocardial ischemia or left ventricular volume overload

Uzg
b oy gl Ve, 50 )""'L’ P L e o U Ty
S ot gl Fe plagyls 0sd (e 5 ata
9 39S 9y S SYNS! g lo Sugyisnl 5 S s
38 5T el rgo o (K 55 gandS sl
Ol ¥50, b oDl OMlae el Ve, 0 U zge
il oo T e, Vo 5 T zgo b Ca o 355590 pianns
Ok gy JLad 5 0,50 oSl (gmilimla o U z5e
23,5 o b (Volume overload) >

sms o2y U el plogan Jlogs g 6 59 (il (slo Jsimpml i 5551

INTERVALS

PR interval: time interval from onset of atrial depolarization to onset of
ventricular depolarization

OT interval: duration of ventricular depolarization and repolarization

RR interval: duration of ventricular cardiac cycle

PP interval: duration of atrial cycle

EKG ,o (Intervals) b alold

PR interval
QT interval
RR interval
PP interval

o nNE

ol a5 o SO iSUlg sl a5l T elis ) s (segment)aslad o 5 ((Skey) sk (interval) alols jo sl aiils a>g5

= Normal:

PR INTERVAL & SEGMENT

= The PR interval is measured from the beginning of the P wave to the

beginning of the QRS complex.
It is usually 0.12 to 0.20 sec (3 to 5 small boxes)

= Abnormal:

A prolonged PR interval may indicate a first degree heart block.

A short PR interval may indicate a pre-excitation syndrome via an
accessory pathway that leads to early activation of the ventricles, such
as seen in Wolff-Parkinson-White syndrome.

A variable PR interval may indicate other types of heart block.

PR segment depression may indicate atrial injury or pericarditis.

PR interval

ol RL Qzse 958 6 P zge £9,% 5

30 e bl Gudless! o s sains Lis PR Glej alols o s
SECHTNPPS NI S AP IPICH NS0 PRV FRPE A< [JEM TS

ML) < odalive

Sros ol 5 JLiSile 5 sreles slo 60 ST wcaly HeS )k s gl S ) sl py ;s PR alols

Dgd (o0 ol il
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—— denotes the PR interval

Normal atrioventricular First-degree AV block Ty U“bs‘ MM”’“"’L& ‘U"dm' G}f’lﬁo Sk > P-R alols

impulse transmission

b

il oo pj sle aasin l)ls Jl i PR Slej alols S

oSS ol b ooy £, P zge slail 3 icusdge v
.3, 4.lbIQRS

Delta wave
J/\ A Mﬂ (S5 ape 01256 0,20 5 0,12 10 )le; e v/

(2l (g0 Dglste (45355 5 =90

QT interval

QT INTERVAL o T z90 sl 6 QRS WSloS slocl 51 QT alols (s

= The “normal” QT length varies with heart rate . - A . . . & 3
s e rlaa Sodled EM | Y oley ovss Lis g ol
= At normal heart rates, QT length is abnormal if it's greater than 0.40 sec (10 ‘SE ) : - SR T OM) o J :
boxes) for males and 0.44 sec (I | boxes) for females.

= Extreme QT prolongations (> 0.60 sec — |5 small boxes) predispose the w‘ (LQ u-’a-‘ Qﬁm‘)-’)yﬁ-’) 9 uj*“-")—’)yﬁ-’b)u,-’-b 649)9' ‘-5-‘

patient to arrhythmias

= The QT interval may be prolonged with electrolyte abnormality ( hypolalemia,
hypocalcemia, or hypomagnesemia)

= Myocardial ischemia may also prolong the QT interval )f‘ ML’ «? hﬁb QL’)@ olaws u-“LM" r9 )-’-’-’-" QT alols Jj-’a

S wolet aS gloy alols pl il i (L8 Lo slaws

il o 456 0,44 50,36 5 Ygors
098 R (Jlgie zg0 90 alold cral 5l i wlo Jlade cpl caiil oo plaie p, a5 Slej yo

el S35 mpe Vo GLBT 5SS mupe V) b w3l (gl canlin (g alols 2STas IS sb

a Mol s ol el yialial cpl iored il (o 6l SO 0,90 b bLS L saas lis QT Sloj alols ol
Diil e cdiwd By, TOrsad de points o a5 LS o sla o)l

WSS Yol 1 AT aily o jw b oS! sl (55l

RR interval

Sus5 o~ RRinterval | sosm Rzse b Rzge G Slej alols

Slass a0l b g oog 8 o, 4 atualy RRINtErval .cel olasy Lo i ot yaud S929 pac &ygo o alols ol
B9 oo o8 abold i b o

WS S (S5 3 4 el (S Aol () S o o YWt

PP interval
SigS e PPinterval |, gom Pz b Pzoe SO Sloj alold

ol GLSG Lo j85 ol jusd 3929 pas D0 0 alold )
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= EKG ,> (Segments)ly axks

SEGMENT

= PR Segment 1. PR Sigment

It represents the delay in conduction from atrial depolarization to the beginning

of ventricular depolarization. It is also electrically neutral 2 . ST Seg me nt

= ST Segment

Is the length between the end of the 5 wave of the QRS complex and the
beginning of the T wave. It is electrically neutral.
. =

L 2 5 (Sbpdeb (interval) alols ,o asl atsls asgb
ol s de SO Syl bas 5l T el )| s (Segment)aslas

C— T

PR Segment

PR INTERVAL & SEGMENT

- Normal P PR 555 oo ni5 RL Qlal a5 5,8 P zge sleil 5 PR askad

= ‘gg;nip;ngrgfr':ﬁ\e iar;gzs;;elﬂg;?m the beginning of the P wave to the w‘ PR inte rval }‘ ij Segment
= tis usually 0.12 to 0.20 sec (3 to 5 small boxes) . . . _
(depression) & o L (elevation) ;i gll PR axkas 3JGT o

= Abnormal:

= A prolonged PR interval may indicate a first degree heart block. .O)‘J - BN ‘ g_g-} oS ng_" : )‘ ) l ‘9’

= A short PR interval may indicate a pre-excitation syndrome via an
accessory pathway that leads to early activation of the ventricles, such

as seen in Wolff-Parkinson-White syndrome. -&:ﬁ-«-" g_g,“lé QYM‘ )i;m LA‘ w‘ &Li:l} 4_?.;‘ PR 4&2.'9 nyb‘

= A variable PR interval may indicate other types of heart block.

= PR segment depression may indicate atrial injury or pericarditis. )i;l_w_; &‘9_’, =) “‘i’);i]‘sj"‘ s )" delad (depression)b}d&
Lol Coo, S S5les @VR o o o] (elevation) s, Yh .asb jdes LeesS sl b ass IS 5

ST Segment

o o5 T s sl 4 g £5,5 QRS (oSloS sleesl 5IST askd
ST SEGMENT

ST
= starts at the ] point and ends at the beginning of the T wave

= typical ST segment duration is usually around 0.08 sec < ‘ . l . ‘ . y ‘»\a’." A e L«J
= Upward or downward shifts in the ST segment are extremely important P OFRIERD S : re )i’ e
alais >Maol 0gi oo la QRS LSS 5l anlad -l a8 gl alads

25 o J (Junction)

el 435 0.12 Ly, ST askas jle; alols

ST axad U1 jo wo)ls )3 G pSlgpl s (g9, p ST asksd
3l el G xSTlg 3l bas 5l axkad (depression) s o L (elevation) a4l

ol b e 0.5mm 5l e T 58, ol g Imm gl i ST aslad 28, YU

Db 8 551 5 200G (M lis Wil e ST elevation

(Strain Pattern) ol cpoje 55 lid 5 daile b o8 oS!l SiLas ST Depression
At 9) B lg o sle ashad 5 Lo alols e g WSl oo (Jilie S o
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P15 90,9 il slo ol

b8 odled 4y ol gl 5ol SO L s SO ad S %

WY oshls o lailinl ol Sg00,89 i8Il S S b 4 %

i Anterior Axillary Line
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o m2 5k S Jos Jlem G ] 0 2SI g0
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on Dl eoled Sl Sl (gam 4w SB )
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397550 53 b ey Sl VS| 1,5 533575 Sl olians @dly 50 5 cod JuSci Csin g gike b 90 3l 0,2
RV RYPPUICH SRV PN APTRPF I W PV

Aas o ol (Jeb sles) Jbig b amio 3l 1y cdd S iSUl el ol sl 0
aVR <

aVL "
Avi+ Sl o p

Dlorl
D2 or Il .
D3 or Il o

a5 e 6o 11y B S e o o5 o sl ol | o P
s a8 SO U550y sl Jus,ss

9° aJ VY
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Sz Al e 48 T 51 S e e |y il 2 i ol B Lol o 4 gz oS 5l aSil el
L lol Jloyp @ cas ) Glize sl o Cusdgo mudlgse ST plpln ol Cade o 4 g0 Cous 31 (S S

LIMB LEADS il S sl gt e b g e

3 Bipolar Leads

form (Einthovens Triangle) RA LA (I JI JII) > P'..b" gf.hﬁ 90 ‘SLD 4-3-‘

Lead | - measures electrical potential - -

L Lads .0y, oo Lol o b 0d (g 5 ope 5l Lo 0] () <>

between right arm (-) and left arm (+)

Lead Il - measures electrical potential I 5 ola oS s T s | SYIRK
between right arm (-) and left leg (+) ‘5'-15 S 5L 9 ! e 9D oo oY
Lead IlI - measures electrical potential O . . o
between left arm (-) and left leg (+) RL LL Sl “”‘“’3 99 6‘)"5 > f’b"‘ (5"’43 99 LS‘LQ A"J )‘ ‘S-’)-“ %*

5 ol gt oo o aml 4t )5 ties i s
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RHYTHMS

= Rhythm Analysis: Assessing the 6 Parameters
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BEGINNING TO RECOGNIZE
RHYTHMS

= Rhythm Analysis: Assessing the 6 Parameters
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v" QRS complexes

v QRS width

v P waves Related to the QRS?
v Regular rhythm

v" Heart Rate
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SINUS RHYTHMS

Rate: 60 - 100;

PR interval: 0.12 - 0.20 seconds;
QRS interval: 0.04 - 0.12 seconds

QT interval: 0.36 -
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TABLE 3-1 CHARACTERISTICS OF SINUS RHYTHM
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QRS duration
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TABLE 3-4 CHARACTERISTICS OF SINUS ARRHYTHMIA

Rate Usually 60-100 beats/min, but may be slower or faster

Rhythm Irregular, phasic with respiration; heart rate increases gradually during
inspiration (R-R intervals shorten) and decreases with expiration (R-R
intervals lengthen)

P waves Uniform in appearance, positive (upright) in lead Il, one precedes each
QRS complex

PR interval 0.12-0.20 sec and constant from beat to beat

QRS duration 0.10 sec or less
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Difference between R-R interval
P Rate:350-450

Uncontrolled Atrial Ventricular Fibrillation:
rate:1 10 - 220;irregular; no discernible P waves

Controlled Atrial Ventricular Fibrillation: rate:
70 - 110; irregular; no discernible P waves
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Mobitz 1l (Constant 2:1 Block)

PRI is CONSTANT Non-conducted
sinus impulses

“2:1 block” “3:1 block”
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Second degree AV block, Fixed PtoP interval
Underlying rhythm is NSR + Second degree AV block, Mobitz Type II
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Lead 2

Fixed P to P interval Fixed P to P interval
» Second degree AV block, Mobitz Type II + Second degree AV block, Mobitz Type II
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> Second degree AV block, Mobitz Type 1l

Fixed P to P interval ] )
Fixed P to P interval

- Second degree AV block, Mobitz Type II
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2:1 A-V conduction

Fixed Pto P interval
P waves that conduct

« P wave rate ~ 62 bpm
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2:1 A-V conduction 2:1 A-V conduction
P waves that conduct P waves that conduct

Fixed PR intervals !
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