ELECTROCARDIOGRAM REVEIW
[image: ]
When reading an EKG, it is vital to have a systematic approach!
1. Determine Cardiac Rhythm
a. Is the rhythm regular or irregular?
b. Identify atrial activity
c. Determine P-QRS relationship
2. Measure heart rate 
a. Is the rate normal? (60-100 bpm) bradycardia (<60bpm)? Or tachycardia (>100 bpm)?
How to determine heart rate: count the number of small squares (0.04 secs) between two QRS complexes
[image: http://fitsweb.uchc.edu/student/emig/Emergency%20Medicine%20EKG%20Web-Based%20Tutorial2/Rate_clip_image002_0000.jpg]
	5 small boxes between the 2 QRS complexes
	300 bpm

	10 small boxes
	150 bpm

	15 small boxes
	100 bpm

	20 small boxes
	75 bpm

	25 small boxes
	60 bpm

	30 small boxes
	50 bpm

	35 small boxes 
	43 bpm

	40 small boxes
	37 bpm



3. Evaluate P wave morphology 
a. Inspect P waves in lead II and VI for right and left atrial enlargement 
i. What is the amplitude? Duration? Direction? 
[image: ]
4. Assess PR, QRS, and QT interval
a. PR interval- normal is 0.12-0.20 seconds. Is it short or prolonged? 
i. Short PR intervals (less than 0.12 second) indicate that the impulse originated somewhere other than the SA node. This variation is associated with junctional arrhythmias and preexcitation syndromes. 
ii. Prolonged PR intervals (greater than 0.20 second) may represent a conduction delay through the atria or AV junction due to digitalis toxicity or heart block – slowing related to ischemia or conduction tissue disease.
b. QRS interval- normal is (less than or equal to 0.10 seconds. 
i. Make sure to check for a bundle branch block!
[image: ]
c. QT interval- what is the duration? Normal QT is less than or equal to one-half of the R-R interval (if HR is normal) 
[image: ]
5. Determine Mean QRS Axis
a. Normal is between +90 degrees and -30 degrees
b. Is there left or right axis deviation? 
i. Check leads I and aVF! 
[image: ][image: ][image: http://flylib.com/books/2/569/1/html/2/19.%20basic%20ecg%20reading_files/loadbinary_019.gif]
6. Evaluate QRS Complex, ST and T wave Morphologies
a. Is a Q wave present? If it is, what is the distribution? 
i. Q waves are normal at a width of <0.04 seconds and height of <1/3 of the QRS complex[image: ]
[image: http://classconnection.s3.amazonaws.com/340/flashcards/550340/png/screen_shot_2012-02-19_at_1.08.17_pm1329620938252.png]
b. Is the QRS amplitude normal? Increased? Or decreased? 
i. Check for left or right ventricular hypertrophy!
	[image: ][image: ]
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c. Is the ST segment elevated, depressed, or isoelectric? 
i. Check for ischemia, infarction, pericarditis, metabolic/chemical abnormalities!
[image: ]
d. Is the T wave upright or inverted?
[image: ]
e. Is the amplitude increased or diminished? 

7. Identify Abnormal ECG Pattern 
a. Myocardial ischemia and infarction 
b. Cardiac chamber enlargement and hypertrophy
c. Arrhythmias and conduction disturbances 
d. Miscellaneous patterns (e.g., pericarditis, WPW syndrome, electrolyte imbalances, drug effects)  
[image: http://www.teaems.com/uploads/1/3/8/9/13896454/9250818_orig.jpg]
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Left axis deviation (LAD)

« Definition: axis beyond —30° (S > R in lead Il)

+ Etiologies: LVH, LBBB, inferior MI,WPW

* Left anterior fascicular block: LAD (45 to
~90°) and qR in aVL and QRS <120 msec and
no other cause of LAD (eg, IMI)

Right axis deviation (RAD)

+ Definition: axis beyond +90° (S > R in lead I)

- Eti RVH, PE, COPD (usually not >+110°),
septal defects, lateral M WPW

* Left posterior fascicular block: RAD (90-180°)
and rS in | & aVL and qR in IIl & aVF and
QRS <120 msec and no other cause of RAD
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+ Definition: =30 msec or >25% height of the R wave in that complex
« Small (septal) q waves in |,aVL,Vs & Vs are normal,as can be isolated Qw in lll,aVR V1
+ “Pseudoinfarct” pattern may be seen in LBBB, infiltrative disease, HCMP, COPD, PTX,WPW
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Normal Pathologic
Qwave Q wave
Figure 4.21. Compared with small Q waves gener-
ated during normal depolarization, pathologic
Q waves are more prominent with a width 21 mm
(1 small box) and depth >25% of the height of the
QRS complex.
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Left ventricular hypertrophy (LVH) (Grc 2009:119:251)
+ Etiologies: HTN, AS/Al, HCMP, coarctation of 2orta
+ Criteria (all w/ Se <50%, Sp >85%)
Romhilt-Estes point-score system: 4 points = probable, 5 points = definite
1 Amplitude (any of the following): argest R or S in limb leads =20 mm or § inV; orVa
=30 mm or R inVs or Vs =30 mm (3 points)
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ST displacement opposite to QRS deflection: w/o dig (3 points); w/ dig (1 point)
LAA (3 points); LAD (2 points); QRS duration =90 msec (1 point)
Intrinsicoid deflection (QRS onset to peak of R) inVs or Vs =50 msec (1 point)
Sokolow-Lyon: S inV1 + R inVs or Ve =35 mm
Cornell: R in aVL + § inV3 >28 mm in men or >20 mm in women
Other:R inaVL =11 mm (or, if LAD/LAFB, =13 mm and S in lIl =15 mm)
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Right ventricular hypertrophy (RVH) (cic 2003:119:¢251)
+ Etiologies: cor pulmonale, congenital (tetralogy, TGA, PS,ASD,VSD), MS, TR
 Criteria (all tend to be insensitive, but highly specific, except in COPD)
R>SinV1 or R inV1 =7 mm,S inVs orVe =7 mm,drop in RIS ratio across precordium
RAD =+110° (LVH + RAD or prominent S inVs or Vs — biventricular hypertrophy)
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ST elevation (STE) (NEJ 2003,3492128; Girc 200%:119:¢241, €262)
+ Acute MI (upward convexity = TWI) or prior Ml with persistent STE
+ Coronary spasm (Prinzmetal’s angina; transient STE in a coronary distribution)
+ Myopericarditis (diffuse, upward concavity STE; a/w PR J;Tw usually upright)
+ HCMP, Takotsubo CMP, ventricular aneurysm, cardiac contusion
+ Pulmonary embolism (occ. STEV:-Vs; typically associated TWIV:-Vs, RAD, RBBB)
+ Repolarization abnormalities
LBBB (1 QRS duration, STE discordant from QRS complex)
dx of STEMI in setting of LBBB: =1 mm STE concordant w/ QRS (Se 73%,5p 92%)
or =5 mm discordant (Se 31%, Sp 92%) (*Sgarbossa criteria.” NEM 19%:334:481)
LVH (1 QRS amplitude); Brugada syndrome (rSR', downsloping STEV-Va)
Hyperkalemia (1 QRS duration, tall Ts, no Ps)
+ Early repolarization: most often seen in leads V2-Vs and in young adults
J point T 1—4 mm: notch in downstroke of R wave; upward concavity of ST: farge Tw;
ratio of STE / T wave amplitude <25%; pattern may disappear with exercise
early repol in inf leads may be afw T risk of VF. but absolute risk low (NEJM 2009:3612525)
ST depression (STD)
+ Myocardial ischemia (= Tw abnl) or acute true posterior MI (V1-V)
« Digitalis effect (downsloping ST = Tw abnl, does not correlate w! dig levels)
+ Hypokalemia (= U wave)
+ Repolarization abnl in a/w LBBB or LVH (usually in leads Vs,Ve, I, aVL)
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T wave inversion (TWI; generally =1 mm; deep if =5 mm) (Gic 200%:115:2241)

« Ischemia or infarct;Wellens' sign (deep early precordial TWI) —» proximal LCA lesion

+ Myopericarditis; CMP (incl Takotsubo & ARVD); MVP: PE (especially if TWIVy-Va)

* Repolarization abnl in a/w LYH/RVH ("strain pattern”), BBB

« Post-tachycardia or post-pacing

* Electrolyte, digoxin, PaOj, PaCOy, pH, or core temperature disturbances

* Intracranial bleed (“cerebral T waves;” usually w/ 1 QT)

* Normal variant in children (V1-Va) and leads in which QRS complex predominantly ©;
profound TWI in young athletes may predict future risk of CMP (NEM 2008358152)
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Sino atrial (SA) node (in Right Atrium) fires
‘Signalravels across atia to AV node (P WAVE)

Siight pause (PR INTERVAL),then signal ravels down Bundle of His
His Bundie branches into Right & Leftbundies (and further into
fasicles) uns down the ventrices (QRS), Ending atthe Purkinie
fbers

Siight pause (T INTERVAL), then repolarization occurs (T WAVE)
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Bundle Branch Blocks (Grc 200%:119235)
Inital depol.s left-to-right across septum (r inVy & q inVe;
Normal v, v,| _ nb,absentin LBBB) followed by LV & RV free wal, with LV
*VN dominating (nb, RV depol. later and visible in RBBB).
. QRS =120 msec (110-119 = incomplete)
FSR" In R precordial leads (V1,V2)

1
RBBB z
J\f 3. Wide S wave in | andVe
4. = ST, or TWl in R precordial leads
1
2

. QRS =120 msec (110-119 = incomplete)
Broad, slurred, monophasic R in I, aVLVs=V (= RS in
Vs=Vs if cardi
f\/ 3. Absence of Q in |,Vs, and Vs (may have narrow q in aVL)
\/\ 4. Displacement of ST & Tw opposite major QRS deflection
5. = PRWRLAD, Qws in iferior leads

Bifascicular block RBBB + LAFBILPFB.
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Prolonged QT interval (AMA 2003:269:2120:NEJM 2004350:1013; wwwiorsades.org)
* QT measured from beginning of QRS complex to end of T wave (measure longest QT)
* QT varies wi HR —» correct w/ Bazett formula: QTc = QT/\/RR (in sec),
formula inaccurate at very high and low HR (nl QTc <450 msec ¢ and <460 msec ¢)
* Etiologies:
Antiarrhythmics: cass la (procainamide, disopyramide), cass Il (amiodarone, sotalol)
Psych drugs: antipsychotics (phenothiazines, haloperidol,atypicals), Li,? SSRL, TCA
Antimicrobials: macrolides, quinolones, voriconazole, pentamidine, atovaquone,
chloroquine, amantadine, foscarnet, atazanavir, 2 TMP-SMX
Other: antiemetics (droperidol, 5-HT; antagonists), alfuzosin, methadone, ranolazine:
Electrolyte disturbances: hypoCa, ? hypoK, ? hypoMg.
Autonomic dysfen: ICH (deep TWI), stroke, carotid endarterectomy, neck dissection
Congenital (long QT syndrome): K, Na, Ca channelopathies (Lancet 2008:372:750)
Misc: CAD, CMP, bradycardia, high-grade AVB, hypothyroidism, hypothermia





