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Key References: Surawicz, B., Childers, R., Deal B.J. and Gettes, L.S. (2009). AHA/ACCF/HRS recommendations for the
standardization and interpretation of the ECG (Part III). Circulation. 119: e235-e240.

Third-Degree AV Block (Complete heart block) 
-Complete electrical disconnection between atria and ventricles 
-Atrial depolarization is driven by the SA node but ventricular depolarization is 
driven by a distal escape rhythm (AV junction or ventricles) 
-P-waves (normal) and QRS (variable shape/width) have independent rates

-First-degree and second-degree (Type I) AV blocks are typically benign
-Second degree (Type II) and third degree AV blocks are typically pathological 
and may require stabilization and EMS activation

* 1 small square= 1 x 1mm = 0.04 s  1 large square= 0.5 x 0.5cm= 0.2 s   X-axis= sec, Y-axis= volts Bundle Branch Blocks (BBB)

Left BBB
-Broad, notched R in 
left chest leads (V5 and V6)
-Widened QRS (can merge 
with T wave)

Right BBB
-RSR’ (bunny ears) 
in right chest
leads (V1 and V2)
-Widened QRSrSR’ R

V1 V6

0.16s 0.16s
No QRS

0.16s

Second-Degree AV Block (Type II) 
-Intermittent loss of AV conduction without prior progressive prolongation of PR 
intervals. If the block persists for >1 beat this is called a high-grade AV block.

P P PP

No QRS0.20s 0.20s0.40s

Second-Degree AV Block (Type I)
-Intermittent loss of AV conduction 
-Progressive, prolongation of PR intervals resulting in a non-conducted P-wave,
after which the cycle resets beginning with the original PR interval

P P P P

SINUS ARRYTHMIAS
-Physiologically normal and commonly seen in children and young adults
-Originates from the SA node so all P-waves look the same but the R-R interval
changes with respiration (usually  with inspiration/ with expiration)

Prolonged PR
interval >5 little 
squares (>0.2s).

ATRIOVENTRICULAR (AV) CONDUCTION BLOCKS
First-Degree AV Block
-Delay between atrial and 
ventricular depolarization
-1:1 P to QRS ratio.

-No relationship between P waves and QRS complexes

QRS QRS QRS

QRS QRS QRS

PREMATURE BEATS AND ESCAPE RHYTHMS
-Premature beats arise from spontaneous discharge of ectopic foci resulting in
a beat earlier than expected.
-Escape rhythms are discharges from ectopic foci resulting in a new rate and
rhythm in response to a pause or block in the SA node pacemaker ability.
-Premature beats or escape rhythms from: 1) Atrial foci show a different 
looking P-wave with normal QRS, 2) AV junction foci usually show no P-wave 
with normal QRS; occasionally P-waves are observed and represent retrograde 
atrial activation, and 3) Ventricular foci show no P-wave with a large/wide QRS.

Premature Ventricular Contraction (PVC)
PVC: 
Arises earlier 
than expected

No P-wave and 
large/wide QRS

-Majority of PACs are benign but may indicate underlying heart disease

Premature Atrial Contraction (PAC)

PAC: 
Arises earlier 
than expected

Different P-wave normal QRS

AV Junction Rhythm normal QRS

No P-wave

P P P P P

0.6 s 0.6 s 0.6 s 0.6 s

QRS QRS QRS
1.6 s 1.6 s

P

0.6 s

ECG Waveform Seg/Int Meaning N- dur (s)*
PR-int AV node conduction 0.12-0.20 
P-Wave Atrial depolarization <0.12

QRS Ventricular depolarization <0.12 

ST-Seg Ventricular depolarization 
to repolarization delay

No elevation/ 
depression

QT-Int Ventricular
depolarization to 
repolarization

Male: 0.45
Female: 0.46 

T-Wave Ventricular repolarization Upright except 
aVR and V1

QRS
ST-seg

PR- int
QT-int

P

Q

R

S

T
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Lau, S.H. and Damato, A.N. (1970). Mechanisms of A-V block. Cardiovasc Clin. 2(2): 49-68; Lilly, L.S. (2011) 
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Key References: Delcretaz, E. (2006) Supraventricular tachycardia. N Engl J Med. 354: 1039-1051; Martis, R.J., Acharya, 
U.R. and Adeli, H. (2014). Current methods in electrocardiograph characterization. Comput Biol Med. 48: 133-149;

Ventricular Tachycardia (VT)
-Rapid discharge of >3 PVC’s in a row.

RATE
Method 1: 300 ÷ (# of large squares between 2 beats)
Method 2: Count the # of big boxes between 2 beats using 300-150-100-75-60-50 
Method 3:[# of QRS complexes on a standard strip (10 sec)] x 6
Tachycardia is a rate >100 bpm and bradycardia is a rate <60 bpm

Yang M
Slawnych M
Keegan DA

Torsades de 
pointes
-Polymorphic VT 
seen in context 
of a prolonged 
QT interval.

Polymorphic VT
-Irregular rate, changing QRS morphology

Monomorphic VT
-Wide QRS, regular rate,
same QRS morphology

“waxing and waning” of QRS heights

SVT with Aberrancy VT
No AV dissociation AV dissociation
No capture beats Capture beats*
No fusion beats Fusion beats

SVT with abberrancy vs VT
-SVT with aberrant conduction (e.g. due to BBB) can look very similar to VT

-Sustained episodes of VT (>30 s) often turn into VF

NOISE
-Common artifacts include: other 
physiological signals, baseline 
wander, high frequency random 
noise, power-line interference and
movement artifact

-Tick method: Overlay paper and mark above all QRS’s. Then shift the first tick 
over to the next QRS. If the ticks don’t line up, the rhythm is irregular. Repeat.

Wolf-Parkinson-White (WPW)
-Concurrent conduction through 
AV node and accessory pathway 
(anterograde)
-In sinus: shortened PR interval, 
shoulder prior to QRS (Δ wave) 
and wide QRS

Δ wave

Atrial Fibrillation (A-Fib)
-Chaotic atrial activity -Irregular P wave conduction

“Irregularly irregular rhythm”No discernible P waves 

Consult current guidelines for urgent care management

SINUS TACHYCARDIA
-Originates from the SA node
-Regular rhythm with normal P-waves and QRS

Supraventricular Tachycardia (SVT)
-Paroxysmal (sudden start/end) or persistent tachycardia with a conducting 
origin from above the ventricles 

-Show narrow QRS complexes (if no aberrant conduction) and P-wave inversion
(if not hidden in QRS or T waves)
-Common mechanisms: 1) Focal (atria or AV junction) and 2) Re-entry circuits 
(AVNRT, AVRT, atrial flutter)

TACHYARRYTHMIA

Atrial flutter 
-Re-enty circuit confined within
the right atrium
-Fixed AV block: fixed atrial:
ventricular rate (e.g. 2:1 block)

“Sawtooth pattern”

Fusion beats 
-SV impulse 
coincides with
V impulse

If seen:
Pathognom

onic

Ventricular fibrillation (VF)
-Chaotic, ventricular activity, no identifiable waveforms, bizarre deflections.

Coarse VF Fine VF 

-All forms of VF are immediately life threatening and require STAT care 
(follow ACLS guidelines)

-Re-entry: multiple excitations of the heart with 
a single impulse through an accessory pathway
-AV node reentrant tachycardia (AVNRT)-
re-entry circuit within the AV node 
-AV reentrant tachycardia (AVRT)-re-entry 
circuit 
between the atria and ventriclesInverted P-waves

-Wide bizarre QRS complexes (>0.16s), Hx of MI and Hx
of CHF are suggestive of VT

*Capture beat: SA node impulse is conducted during AV dissociation (normal P and QRS)

V3

V1

Movement artifact

In this example, from the 
same ECG, lead V1 appears to 
show VT but, as shown in 
other leads (e.g. V3), this is 
in fact a movement artifact.

Normal QRS

Note: absence of Δ wave in normal QRS

A4/9/12/13 2016
www.learnfm.ca

Fisch, C. and Knoebel, S.B. (1970). Junctional Rhythms. Prog Cardiovasc Dis. 13(2): 141-158


	Slide Number 1
	Slide Number 2
	Slide Number 3


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


