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8/30 –Clinical Med

History of EKG


Luigi Galvani—zinc/copper—frog leg jump


Kollicker and Mueller—frog leg on heart(electric impulse(heart beats


Ludwig & Waller(mid 1880’s—capillary thermometer


Einthiven—triangle—1901 first EKG—magnet and photographic paper

Muscle cells


Resting state (negatively charged or polarized


Electrical stimulation causes depolarization/contraction and a positive charge

SA node—has automaticity—needs no outside source


SA fires—internodal pathway—depolarizes RA and LA simultaneously


12 leads on EKG—each one has a positive and negative pole



when the depolarization wave goes towards the positive pole it will record as a positive deflection on the EKG.

1.  P wave—depolarization/contraction of atria (R&L)  [einthoven named the waves]

2.  AV node slows the impulse and allows time for ventricular filling

3.  Bundle of HIS

4.  R and L bundle branches

5.  Purkinje fibers finally move stim out to myocardium of the ventricles 


numbers 2-5 do not show up on EKG

Q—first downward (negative) deflection of QRS complex—will not always have a Q wave

R—first upward (positive) deflection of QRS

S—downward (negative) deflection following the upward R wave

T wave—ventricular repolarization (upright and rounded)

Intervals and segments

Interval—length of time a wave exists (P interval/QRS interval)

Segments—the lines between the waves

PR interval—P to beginning of QRS  (draw)

ST segment—distance between QRS complex and T—sensitive indicator of injury and ischemia (draw)

QT interval—beginning of QRS complex to end of T


Ventricular depolarization and repolarization (draw)

Kinds of QRS complexes (draw)
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Review of last week—waves/complexes/intervals/segments

Waves and complexes


P—atrial depolarization/contraction—sa fires—pebble in H2O—internodal pathway—R and L atria depol simultaneously

AV—slow conduction for v. filling

HIS/BB/Purkinje fibers—not visible on EKG

QRS—depol. Of ventricles—represented on EKG

Q wave—the 1st negative deflection of the QRS

R wave—the 1st negative deflection of the QRS

S wave—the negative deflection after the positive deflection

Biphasic P

QS complex—bigger and wider

A. Fib—no visible P waves/saw tooth pattern/atria contracting too fast

Segments are the lines between the waves (ST segment)

Intervals may include lines but must have a wave to be considered an interval (PR interval)

ST segment starts at the J point (end of the QRS) and ends at ascending portion of T

Measurement of voltage on EKG (amplitude)

Each little box is 1mm x 1mm

Each large box is 5mm x 5mm

Y (vertical axis)—to determine how high or low the wave is































Baseline is also called the isoelectric line

Measurement of time on EKG

p.33

x (horizontal axis)

each small box is .04s

each big box is .2s

five big boxes is 1s

Leads—



12 leads (6 limb and 6 precordial)
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6 Limb          6 precordial       
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3 standard     3 augmented    V1-V6




lead I

AVF

bipolar limb leads}
lead II

AVR    {unipolar limb leads




lead III

AVL
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Lead I— + pole is left arm


   - pole is right arm

Lead II— + pole is left leg


     - pole is right arm

Lead III— + pole is left leg


      - pole is left arm

(connect 1,2,3—Eintoven’s triangle—a2+b2=c2

Bring them together to intersect—p. 37

RF is ground—stabilizes EKG

Augmented voltage foot (AVF); right arm (AVR); left arm (AVL)—Dr. Goldberger invented these—augmented b/c need more voltage to get same effect as standard limb leads

AVF-- + at left foot


- at arms


measures from + to –

meets in middle—intersects lines

AVL-- + at left arm—p. 40

AVR-- + at right arm

Augmented leads are unipolar—this stresses the importance of the positive electrode

DRAW

Combine limb and augmented—get smaller sections

These leads monitor the anterior part of heart (frontal plane)—they measure how much and in what direction the electricity goes

Group leads together(

II, III, AVF—inferior leads—specifically measures LV and some RV (LV bigger; more electricity)


I and AVL—lateral leads—indicators of lateral wall of heart

Six precordial leads


Use these to monitor heart in coronal section (horizontal plane)


Electrodes are the + poles and – poles come out the back


They monitor electricity coming out

Normal progression


V1—predominantly negative QRS


V2—slightly less negative


V3—almost equiphasic


V4—slightly more positive


V5—more positive


V6—predominantly positive

Page 48

Eg. In V1 the electricity traveling to the left ventricle is going in the direction away from V1 so it illustrates as a negative deflection

--somewhere b/t V3 and V4 the deflection will become more positive than negative

Precordial leads


Areas of the heart they cover


V1 and V2—right side of the heart


V3 and V4—interventricular septum


V5 and V6—left side of heart

Autonomic Nervous System


Sympathetic—fight or flight


Parasympathetic—slows heart

How to attack the EKG


Rate


Rhythm


Intervals


Axis


Hypertrophy


Infarction

Heart Rate

SA node—60-100 bpm

Sinus bradycardia—still generated by SA, but <60 bpm

Sinus tachycardia—still generated by SA, but >100bpm

Ectopic Foci

SA fails(heart uses other foci in atria that can fire—rate of 60-80 bpm(if failure(AV junction—40-60 bpm(if failure(purkinje fibers of ventricles—20-40 bpm.

Rate

Measure from lead II—LF negative; RA positive(rhythm strip)


300, 150, 100, 75, 60, 50
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Other methods of determining rate:

1.  Count R-R intervals and divide int 60.


1 line is .04s

1 box is .2s


5 boxes is 1s


eg.  1.08/60


.6/60=100bpm

2.  Count the complexes (completed cycles)


count the number of complexes in 6 seconds (30 boxes)


the multiply by 10

Rhthym

NSR—generated from the SA node and heart works correctly—60-100bpm

Regular—equal distance between R waves

Irregular rhythm (Arhythmia; dysrhythmia)


Stim comes from ectopic focus/foci


Multiple sites are capable of generating a rhythm on their own (ie. SA isn’t working)


Both atria have multiple sites that produce a rate of 60-80bpm


AV junction—40-60bpm


Both ventricles—20-40bpm

*the distance between the R waves is not equal

Five General Types of Arrhythmias 

1.  Irregular rhythms


3 categories


A.  Sinus arrhythmia—(NORMAL) caused by increased sympathetic tone during inspiration and increased parasympathetic tone during expiration



* P’s (QRS’s and T’s) all have the same shape because the stim comes from one place (the SA node)



the rhythm is slightly irregular b/c of resps



rate of 60-100bpm

DRAW

B.  Wandering Pacemaker—more than one atrial foci



* P’s appear differently on EKG



rate of 60-100bpm



(>100—multifocal atrial tachycardia)

DRAW

C.  Atrial Fibrillation



--Caused by continuous rapid firing of multiple foci in the atria



--no single impulse depolarizes the atria completely



--only an occasional impulse gets through AV node to stimulate the ventricles



--***no real discernable P waves found on EKG—just multiple ectopic atrial spikes



--always a good idea to determine the ventricular rate in a. fib.



--complete chaos in atria



--irregularly irregular pulse(points to A. fib

DRAW

2.  Escape rhythms (equal distance between the R’s)


A.  Escape beat—SA works but for some reason it stops, so one of these take over for a single beat—this is a transient condition



Atrial escape beat—see a pause—then a different looking P because it came from a different focus in the atria 



Junctional escape beat—SA fails—pause—ectopic focus from AV escapes and fires a beat(NO P WAVE –maybe inverted or P wave in QRS which you can’t see anyway—so usually just no P



Ventricular escape beat—last resort—ventricular focus(large QRS complex because purkinje conduction time is much slower—20-40 bpm

DRAW ALL 3


B.  Escape rhythm—same as beat except the new focus takes over rhythm—no more SA


 
Atrial escape rhthym



Junctional escape rhthym



Ventricular escape rhythm 

DRAW ALL 3

FOR EXAM II (but it’s cumulative!!)
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--Remember QT interval—from beginning of QRS to end of T

Premature Beats

--originate from an irritable ectopic focus

--sudden discharge produces a beat which comes earlier than expected in the rhythm

Causes—

High caffeine

Substances

Hyperthyroidism

Increased sympathetic tone (scared, etc)

PAC—premature atrial contraction


--P is different


--comes early


--QRS and T are normal

DRAW

Atrial Bigeminy—p. 125


--rhythm of nl sinus—pac—nl sinus—pac—etc


--every other eat is a pac

DRAW

Atrial Trigeminy


--every third beat is a pac

DRAW

PJC—premature junctional beat


--either no P or inverted P


--same deal as PAC—don’t worry


--p. 352 Clin.

DRAW

PVC—premature ventricular contraction


--QRS >.12 (slower conduction through purkinje fibers)


--causes—hypoxia—ie. Foreign body in airway; poor blood supply


--1 or 2 PVS—OK


--3+ = V. Tach


--p. 354 clin.

DRAW

Unifocal PVC


--comes from one ectopic focus—all look same

DRAW

Multifocal PVC


--more than one foci—look different


--dubin p. 138
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RAPID ECTOPIC RHYTHMS

Paroxysmal tachycardia—rate of 150-250

Paroxysmal—sudden onset

Tachycardia--  >100

Spontaneously from ectopic focus

150-250 bpm

can come from atria, AV junction, ventricles

not sinus tachy—rate is 150-250; not from SA node

very irratable focus

p.  142

PAT—paroxysmal atrial tachycardia


--one ectopic focus


--p waves look differently from previous sinus beats


--impulse goes thru nl conduction systems—QRS T—nl


--regular rhythm

DRAW

PJT

--regular rhthym

--sudden rapid ectopic focus

--rate 150-250

--stim atria by retrograde conduction

--junctional; fast; sudden

--don’t see P’s (may be inverted, etc)—depends on where the ectopic focus is

DRAW

--difficult to tell the difference b/t PAT and PJT


--just call them paroxysmal supraventricular tachycardia or SVT

causes of SVT—


--dig tox


--lyte imbalances

correct it—correct underlying problem

May see PVC followed by SVT

www.mmip.mcgill.co/heart/ecgsp.html 

Parroxysmal ventricular tachycardia (Vtach)


--ventricular focus


--150-250


--large PVC-like complexes


--**atria still fire at own inherent rate but can’t see P’s


--rapid series of PVC’s


--commonly called Ventricular tachycardia (Vtach)


--regular rhythm 

Runs of Vtach


--CAD


--hypoxia


--lytes


--MI

Problem—decreased ventricular filling time(ineffective pump

p.  149

DRAW

Torsades de Pointes (twisting of points)p.  153

Hypokalemia; seldane (long QT); quinidine

Important distinction from Vtach

Rate—250-350—faster than Vtach

Correct underlying abnormality

Atrial Flutter


Regular or irregular


One ectopic focus


Atrial rate 250-300 (faster than from ventricles)


SAW TOOTH

Fibrillation

A. Fib

V. Fib

*multiple ectopic foci in a / v, respectively

V.Fib—


--irregularly irregular


--multiple ectopic foci—350-400 (ventricular rate)


--each focus only depolarizes a small area of the ventricle


--defib immediately


--not uniform like Vtach


--smaller and shorther QRS’s



--not consistent in amplitude

Heart blocks

Sinus block—see dubin

First degree AV block


--regular


--P’s nl


--PR constant


--one P for each QRS


--PR interval >.20s (nl .12-.20s)


--QRS <.12s (nl)

Second degree AV block



--2 types


--Mobitz I (Wenchebach)



--atrial rhthym regular



--R-R progressively shorter



--PR interval progressively larger until a P wave is not conducted—dropped QRS



--following dropped beat—PR reverts back to nl

seen with--



acute MI, rhematic fever, dig tox

Tx—expectant—


--unless bradycardia(pacemaker
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HEART BLOCKS—


Review—



--1st degree AV block



--PR > .20 (.12 - .20)



--QRS < .12 (nl)



--2nd degree AV block




--Type I / Mobitz I (Wenchebach)




--PR interval progressively longer until dropped QRS




--then reverts back to nl




--seen with acute MI, valvular heart disease, rhematic fever, dig tox




--TX—expectant unless bradycardia—consider atropine / pacemaker




--Type II / Mobitz II—p. 172




--PR—CONSTANT




--QRS < .12s (WNL)




--*OCCASIONAL QRS IS DROPPED (NOT CONDUCTED) AFTER NL P WAVE




--clinical considerations—implies more severe AV conduction system disease




--p.  356, 174




--TX—temporary pacemaker




draw




--2:1 AV block—Mobitz II / 2nd degree AV block




--every other P is blocked




--3:1 AV block—every third is conducted




--3rd degree AV block / Complete heart block




--atrial rhthym regular




--ventricular rhythm regular




--ATRIAL AND VENTRICULAR RHTHYMS ARE INDEPENDENT OF EACHOTHER




--NO RELATIONSHIP BETWEEN P’S AND QRS’S




--atrial rate—nl




--ventricular rate-- <40 (may vary)




--P waves—no relationship to QRS




--uniform shape




--more P’s than QRS’s




--PR interval—variable***********




--QRS—nl or widened




--two pacemaker sites—atria and ventricle




--Clinical—degenerative heart changes, Mi’s, drugs




--SX—syncope, CHF




--TX—pacemaker!!—corrects situation—increases CO




--no shock




--p.  175-176, 356 Clin




--NO ASSOCIATION BETWEEN P’S AND QRS’S

BBB—caused by blocked bb—LBBB/RBBB


SA node is pacemaker


***QRS > .12s –can’t make diagnosis without this criteria



--2 R waves



--causes—ischemic heart disease, degenerative changes in conduction system



--check R R1 



--in V1 V2—RV



--in V5 V6—LV

LBBB—


--QRS > .12s


--R R1 in I, V1, V5, V6


--clinical—heart disease, aortic stenosis, new LBBB after MI(may need pacemaker


DRAW



V5





V6

p.  357 C

p. 183 D

**cution of diagnosing infarct—may be LBBB—looks similar

RBBB—


--QRS >.12s


--R S R1—in V1 and or V2


--clinical correlations—healthy, pulmonary HTN (R heart problems), ischemia

DRAW


       V1






V2

AXIS

Axis—the direction of depolarization which spreads throughout the heart to cause contraction.  Also refers to amplitude / strength

Vector—another word for axis


--direction of wave of depolarization


--which way does wave of depolarization go?


--p. 193

average all the vectors together ant get mean QRS vector / axis

*LV more electricity than RV—should lean left

remember vector pointed down and to pt’s left

AV junction is center point—frontal section p. 196

DRAW

0-180

0-(-)180

vector should go between 0 and 90 degrees

if heart not sitting in chest correctly—different axis

LVH—larger(more electricity going there—shift of axis towards that direction

Lateral wall MI—average will shift to the right b/c of the necrotic tissue in the left

DRAW circles
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Axis (continued)

Axis is the average direction (vector) and amplitude of the wave of depolarization of the ventricles

Standard limb leads and augmented limb leads make up the grid

Draw

Lead I is positive at right arm and negative at left arm

AVF is positive at right foot and negative at the top

LVH—shift towards L

Infart—shiftaway from L

Nl axis—0 - +90

R axis -  +90 - +180

L axis – 0 - -90

Extreme r or l axis - -90 - -180 (also called no man’s land)

HOW TO DETERMINE AXIS—


Lead I and AVF

DRAW

--if equiphasic complex in limb lead—axis is at right angle to that lead

--draw

Axis should always be in degrees—


Amplitude—determine which of I / AVF is the most positive


--a depolarization that has a higher amplitude is going more towards that pole

draw

How to attack the EKG—

1.  Name—d.o.b.; time

2.  Rate—nl; brady; tachy

3.  Rhythm—


Lead II (p waves—if upright = sinus unless dextracardia or incorrect lead placement)


Regular / irregular


P for every QRS


QRS for every P

4.  Intervals—


PR interval


QRS interval


Look at QT interval



--beginning of Q to end of T



--should not be longer than half of R to R interval



--short or normal—don’t care



--causes of prolonged—drugs, lytes, CNS disorders (also BBB)

5.  Axis—
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NSR vs. sinus arrhythmia—R-R must vary more than .16

Hypertrophy—

LVH—from AS, etc

--chest X-ray—can diagnose some LVH, even less RVH, no atrial hypertrophies

--physical exam—PMI—point of maximal impulse


--L 5th intercostal space at midclavicular line—biggest palpable impulse in nl person


--if PMI is displaced laterally(good idea of LVH

EKG—60% at best sensitive for LVH; even less for RVH


--90% specific for LVH—better tool to rule out than in


--sensitive—picks it up


--specific—tells that it is NOT present

Echocardiogram—gold standard for diagnosing hypertrophy


--more expensive; techs; etc


--if strong suspicion—order echo

Four types of hypertrophy—LVH, RVH, LAH (left atrial abnormality), RAH (right atrial abnormality)—eg—hyperkalemia looks like LAH

Atrial Hypertrophy

--best leads are II and V1 (closest to RA)

draw

ABNLS—specific to V1 p wave


--second component of P wave will be prolonged


--p wave duration >.12s w/ either M shape or more deeply inverted left atrial portion of the p wave

LAA—(P mitrale)—LEAD II

Draw

Causes of LAA—


--HTN


--Left ventricular disease


--aortic disease

RAA—


--look at lead II


--almost ignore V1

--prominent peaked P at least 2.5mm tall in lead II (posible in inferior leads too)

--lead II draw

Causes—left sided problems

Ventricular hypertrophy—

LVH—AS, chronic systemic HTN, etc

(adults)

Methods—

1.  35 method

2.  35, 12 method

35 method—


--deepest S wave in V1 or V2, plus the tallest R wave in V5 or V6 >35 mm(LVH


*must be 35 or older

*if younger than 35—must be >53 mm

2 numbers method—


1.  35 method


2.  R in AVL >12—need both to di LVH


--must be over 35 years old

RVH—just know that there are guidelines for determining it

INFARCTION—tissue death secondary to occlusion of blood flow (apoxia)


--very important to recognize

draw MI’s

--gradual process leads to infarction

Triad of MI—


--ischemia


--injury


--infarct

ISCHEMIA—


--T wave inversion


--ST depression

after ischemia—INJURY—


--ST elevation

INFARCT—Q wave
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Infarct—complete occlusion of blood(low O2(muscle death

Ischemia—partial narrowing of coronary artery(diminished O2 supply


--T wave inversion / ST depression


--doesn’t cause death


--nl T wave inversion is in lead III and V1

Injury—ST elevation


--reersible if TPA / angioplasty—prevent tissue death

ST SEGMENT—


--begins with J point (end of S wave)


--ends with beginning of T wave

ST ELEVATION—


--1 mm or more = acute injury 


II


III


AVF

T WAVES—


--nl


--hyprekalemia


--ischemia

nonspecific ST changes / abnormalitus—looks weird but not completely abnl

INFARCTS—

INFARCTION—

--Q wave represents MI / tissue death

--nl Q’s in V4, V5, V6

--significant Q waves—


--must be at least 1 box (.4s) in width OR


--must be at least 1/3-1/4 the height of the R wave of the lead in question

QRST CHANGES—


--ignore AVR


--scan each of the other 11 leads for Q’s


--look at all leads except AVR for



--ST elevation / depression



--changes in T waves

**LEAD PATTERNS—


four lead groups—


inferior leads—II, III, AVF


septal—V1, V2


anterior—V1-V4


lateral—I, AVL, V5, V6

Right ventricle infarct—not seen on EKG and rare—but usually happens in the presence of posterior or inferior left MI

LEAD PATTERNS ARE IMPORTANT


--findings are more sound if found in lead patterns
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Ischemia—


--St depression / t wave inversion


--changes on ekg can occur w/in minutes


--chest pain and discomfort

Injury—


--prolonged ischemia


--severe threat to myocardium


--ST elevation >=1mm in 2 or more contiguous leads


--20-40m

Infarct—


1-2h classically, but can occur w/in minutes


--abnl Q’s


--Q’s may shrink over time

Dating the infarct—

Acute infarction—20-40m—a day


--St elevation = acute


--may or may not see Q’s (small or absent)


--T inversion minimal / absent

Old infarct—week ago


--large Q waves


--no St elevation


--T wave inversion minimal or absent

Recent (subacute) infarct—1d—1 week old


--small or large Q’s


--St elevation minimal / absent


--T wave inversion marked

Methods of reperfusion—


--thrombolytic therapy (streptokinase)


--coronary angioplasty


--coronary stenting


--emergency CABG—last resort

Dating the infarct—


--when did the chest pain begin


--initial Ekg


--PE

Posterior wall infarction—


--usually in presence of inferior wall MI


--V1-V4—Big R’s and ST depression / T wave inversion

YOU CAN NOT DIAGNOSE AN MI IN THE PRESENCE OF LBBB

