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QUIZ

 The ECG Quiz: “Culprit Pauses” 

Fathi I. Ali

DepartmentofMedicine,DivisionofCardiology,MauryRegionalMedicalCenter-Columbia,Tennessee,USA

Answers:
1. High-grade AV block associated with bradycardia-

dependent Polymorphic Ventricular Tachycardia
(PMVT).

2. Giveintravenousmagnesiumsulfateand/orLidocaine,
thenworkonacceleratingherheartrateusingdrugsor
transvenoustemporarypacemaker.

3. Thepatientwillneedapermanentpacemaker.AnICD
isnotindicated.

Discussion
Themostimpressivefindingonthetracingsisthefastwide
QRS tachycardiawhich isconsistentwithPMVT(notea
slight,butdefinite,changeinQRSmorphologyatinitiation
andterminationofVT).Thisoccurredonabackgroundof
aslowheartrate(i.e.,bradycardia).So,howtoexplainthis
combination?
AsillustratedinFig.2,theunderlyingrhythmissinuswith
thePwavesmostvisibleon topandbottomstrips(black
arrows). Some of these P waves were conducted to the
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A 78-year-old lady presented with a several-day history
of “not feeling well.” On the day of admission she had
several spells of syncope at home.Shewas admitted for
observationandfurtherevaluation.
Herpastmedicalhistoryincludedarterialhypertensionand
mild dementia; otherwise she was healthy. Her physical
examinationwasunremarkableandherechocardiography
waswithinthenormallimitsforherage.
Inthehospitalshedevelopedtherhythmshownbelowin
Fig.1.

Questions:
1. Whatistheinterpretationoftherhythmstrips?
2. Howdoyoutreatthisarrhythmia?
3. Will this patient need an implantable cardioverter

defibrillator(ICD)?
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Fig2:Mechanismsofbradycardia

Fig 1:TelemetryTracing
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ventricle(beat#1ontopstripandlasttwoventricularbeats
onbottomstrip);however,severalofthemfailedtoconduct.
Onthetopstrip,thefirstPwavewasconducted,however,
afterthatahigh-gradeAVconductiondisturbanceensued.
TherewasprobablysomedegreeofAVdissociationwiththe
Pwavesbeingfasterthantheslower,andregular,ventricular
escape rhythm(beats#2,#4, and#6 -brownarrows). In
addition,thereweretwoprematureventricularcontractions
(PVCs)(beats#3,and#5)followingtheventricularescape
beats,and;finallyawideQRScomplextachycardiastarted
afterbeat#6.Onemaywonderifbeats#2and#6were
conductedsinusbeatsas theywereprecededbyPwaves
witharelativelyclosePRinterval.Basedonthisstripalone

it is hard to know for surewhether these Pwaveswere
conductedorthiswasjustacoincidence.However,witha
closerlookatthepossibleventricularescapebeatsonthe
topstrip,onemaynoticethatbeat#6isslightlydifferent
inmorphology and is slightly thinner than beats #2, and
#4.ThisismostapparentinleadV.Also,thePRintervalof
beat#6isprobablymarginallylongerthanthatofbeat#2.
Therefore,itispossiblethatbeat#6isafusionbetweena
ventricularescapebeatandaconductedPwave,whilethe
Pwavebeforebeat#2wasnotconductedasitdidnotaffect
the timing or the morphology of the otherwise regular
escaperhythm.Regardless,itisobviousthatthetoprhythm

strip displays a high-grade AV conduction disturbance.
Besides,eventheconductedPwaves(firstcomplexofthe
top tracingandlast twoonthebottomtracing)generated
wide QRS complexes which is another manifestation of
conduction disease.  The severe conduction abnormality
explains the underlying bradycardia, but how to explain
thewideQRS tachycardia?Andwhat is the relationship
betweenthetwo?
Fig. 3 illustrates the pathogenesis of the wide QRS
tachycardia, and again, the clues aremost visible on the
top strip. On that strip, the combination of blocked P
wavesand/orPVCscreatedseveral“pauses”(blackdouble
headed arrows). The beats immediately following these

pauses(beats#2,#4and#6)displaysignificantchangesin
ventricularrepolarizationcharacterizedbybizarre-looking
Twavesthatareunusuallygiantandwideandareinvertedin
certainleads(brownarrows).AlsotheQTintervalsofthese
beatswereprolonged(>600ms).Thesebeatsfollowingthe
pausesareverydestabilizingandusuallyendupwithPVCs
(beats#3and#5),short runsofVT,or the initiationofa
polymorphicventricular tachycardia(PMVT)as itshown
in this tracing. This “pause-dependent” repolarization
abnormality is the hallmark of the famous arrhythmia:
“Torsades de pointes.” In fact, the pause-dependent
initiation (also known as: “Long-short” initiation) is

Figure3:PathogenesisofPMVT
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probably a more important feature in characterizing this
arrhythmiathanthetypical“flippingofthepoints”which
canbeseeninPMVTsofdifferentmechanisms(typically
ischemia).Nevertheless, another rhythmstrip taken from
the same patient during monitoring (Fig.4) showed that
typicalappearance(browndoubleheadedarrows).
Inthispatientthepausescreatedbytheslowheartratedue

toAVblockledtotherepolarizationabnormalitiesneeded
to trigger thisPMVT.Thesusceptibility todevelop these
“bradycardia-dependent” repolarization abnormalities
variesfromonepatient toanother(probablyonagenetic
basis)andisrelatedtosomedefectinvolvingtherepolarizing
K+ channels. The typical patient is an elderly woman
with a slow, and irregular, heart rate (like in this case).
Other acquired predisposing factors include electrolyte
abnormalities (hypokalemia or hypomagnesaemia),
medicationsthatprolongQT,etc.
TheseVTspellsaretypicallyfulminantandclustered,but
are usually self-terminating. Most patients present with
syncope and/or palpitations. When witnessed, most of
these PMVT runs terminate spontaneously before there
is a chance for cardioversion. Nevertheless, these runs
typicallyrecurshortlyafteriftheunderlyingproblemisnot
corrected.
Acutely,thepatientshouldbegivenintravenousmagnesium

sulfate even if the blood magnesium level is normal.
IntravenousLidocainecanalsobetriedacutely.However,
themainurgentinterventionshouldbedirectedatincreasing
theheartrateandhenceminimizingthese“culpritpauses.”
Themosteffectivewaytoachievethatisbypacingtheheart
fastenoughtoeliminatethesepauses.Intravenouspositive
chronotropicdrugs(e.g.,Isoproterenol)canalsobetried.In

addition,otherpotentialcausesforQTprolongation(e.g.,
hypokalemia,drugs,etc)shouldbesoughtandtreated.In
general,oncetheinsultingeventiscorrected,theprognosis
ofthisarrhythmiaisgood.
This patient got a temporary transvenous pacemaker
insertedemergentlywhicheliminatedtheserunsofPMVT.
Ontheseconddayshereceivedadualchamberpacemaker
then shewas sent home in good condition the day after.
Since this patient had a normalLV function and herVT
wassecondarytoacorrectiblecause(heartblock),anICD
implantation was not indicated.  This problem could be
treated simply by implanting a permanent pacemaker to
eliminate pauses, and hence the trigger for these PMVT.
The detail of the ideal pacemaker setting is beyond the
scopeofthisdiscussion.
Thetakehomemessageistorecognizethisuniqueformof
arrhythmiabasedonthemodeofinitiationasitstreatment
andprognosisareverydifferentfromotherformsofPMVT.

Figure4:Typical“flippingofthepoints”
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