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Introduction	  	  

Heart	  disease	  is	  the	  leading	  cause	  of	  death	  in	  the	  United	  States	  of	  America	  

having	  contributed	  to	  more	  than	  800,000	  deaths	  in	  2011.i	  Of	  these,	  it	  is	  estimated	  

that	  over	  half	  were	  from	  sudden	  cardiac	  death	  (SCD).ii	  A	  common	  cause	  of	  SCD	  is	  a	  

transient	  arrhythmia	  (usually	  ventricular	  tachycardia)	  that	  degenerates	  into	  

ventricular	  fibrillation	  and	  subsequently	  leads	  to	  death	  in	  approximately	  95%	  of	  

patients.iii	  Currently,	  one	  of	  the	  favored	  treatments	  for	  those	  at	  risk	  for	  SCD	  is	  the	  

implantable	  cardioverter-‐defibrillator	  (ICD).	  Traditionally,	  candidates	  for	  ICD	  

implantation	  were	  screened	  based	  on	  both	  ejection	  fraction	  and	  QRS	  width,	  

however	  new	  research	  has	  shown	  that	  these	  markers	  may	  not	  be	  the	  most	  effective	  

as	  previously	  thought.	  	  
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Abstract Background: There is a controversy regarding the association between QRS width and ventricular
arrhythmias (VAs). We hypothesized that predictive value of the QRS width could be improved if
QRS width were considered in the context of the sum magnitude of the absolute QRST integral in 3
orthogonal leads sum absolute QRST integral (SAI QRST). We explored correlations between QRS
width, SAI QRST, and VA in primary prevention implantable cardioverter-defibrillator (ICD)
patients with structural heart disease.
Methods: Baseline orthogonal electrocardiograms were recorded at rest in 355 patients with
implanted primary prevention ICDs (mean age, 59.5 ± 12.4 years; 279 male [79%]). Patients were
observed prospectively at least 6 months; appropriate ICD therapies because of sustained VA served
as end points. The sum magnitude of the absolute QRST integral in 3 orthogonal leads (SAI QRST)
was calculated.
Results: During a mean follow-up of 18 months, 48 patients had sustained VA and received
appropriate ICD therapies. There was no difference in baseline QRS width between patients with and
those without arrhythmia (114.9 ± 32.8 vs 108.9 ± 24.7 milliseconds; P = .230). SAI QRST was
significantly lower in patients with VA at follow-up than in patients without VA (102.6 ± 27.6 vs
112.0 ± 31.9 mV·ms; P = 0.034). Patients with SAI QRST (V145 mV·ms) had a 3-fold higher risk of
ventricular tachycardia (VT)/ventricular fibrillation (VF) (hazard ratio [HR], 3.25; 95% confidence
interval [CI], 1.59-6.75; P = .001). In the univariate analysis, QRS width did not predict VT/VF. In
the bivariate Cox regression model, every 1 millisecond of incremental QRS widening with a
simultaneous 1 mV·ms SAI QRST decrease raised the risk of VT/VF by 2% (HR, 1.02; 95% CI,
1.01-1.03; P = .005).
Conclusion: QRS widening is associated with ventricular tachyarrhythmia only if accompanied by
low SAI QRST.
© 2010 Elsevier Inc. All rights reserved.
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Background

Controversy remains regarding the association between
QRS width and sudden cardiac death (SCD). In the early
analysis of the Multicenter Automatic Defibrillator Im-
plantation Trial II Multicenter Automatic Defibrillator
Implantation Trial (MADIT) II study, a wide QRS of
greater than 150 milliseconds was associated with a more

substantial benefit from implantable cardioverter-defibril-
lator (ICD)1 than was a narrow QRS of less than 120
milliseconds. Subsequent studies did not confirm the
relation between QRS width and ventricular arrhythmia
(VA) occurrence in primary and secondary prevention ICD
patients with structural heart disease.2,3 However, QRS
width predicted SCD in medically treated MADIT II heart
failure patients.3

We proposed a novel marker of susceptibility to VA,
namely sum absolute QRST integral (SAI QRST), measured
as the sum magnitude of the absolute QRST integral on 3
orthogonal electrocardiogram (ECG) leads. To study the
predictive value of SAI QRST and to further elucidate
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In	  research	  conducted	  at	  Johns	  Hopkins	  University	  in	  the	  last	  two	  years,	  

results	  have	  shown	  that	  the	  sum	  absolute	  QRST	  integral	  (SAI	  QRST),	  which	  is	  the	  

area	  between	  the	  absolute	  curve	  of	  an	  ECG	  signal	  and	  its	  baseline,	  may	  be	  a	  more	  

accurate	  clinical	  marker	  of	  a	  patient’s	  susceptibility	  to	  ventricular	  arrhythmias.	  The	  

most	  important	  result	  in	  this	  paper	  is	  that	  patients	  with	  low	  and	  intermediate	  SAI	  

QRST	  values	  (as	  defined	  by	  the	  researchers)	  were	  300%	  more	  likely	  to	  have	  an	  

episode	  of	  ventricular	  tachycardia	  or	  fibrillation.	  Additionally,	  it	  was	  shown	  that	  

“QRS	  width	  is	  associated	  with	  ventricular	  tachyarrhythmia	  only	  if	  accompanied	  by	  a	  

low	  SAI	  QRST.”iv	  Based	  on	  the	  results	  of	  this	  study,	  it	  was	  decided	  that	  SAI	  QRST	  was	  

a	  suitable	  predictor	  of	  tachyarrhythmias,	  especially	  because	  of	  its	  95%	  negative	  

predictive	  power.	  This	  strong	  negative	  predictive	  power	  allows	  a	  clinician	  to	  have	  a	  

clear	  indication	  of	  whether	  ICD	  implantation	  is	  necessary	  for	  a	  patient.	  Ultimately,	  

this	  should	  provide	  a	  higher	  standard	  of	  care	  for	  the	  patients,	  as	  they	  no	  longer	  have	  

to	  undergo	  costly	  and	  potentially	  dangerous	  procedures.	  

Critique	  

	   In	  evaluating	  any	  journal	  article,	  one	  of	  the	  first	  things	  to	  look	  at	  is	  the	  

methods	  section.	  If	  it	  is	  not	  completely	  clear	  how	  the	  experiment	  or	  study	  was	  

carried	  out,	  its	  results	  cannot	  be	  duplicated	  and	  used	  by	  other	  clinicians	  in	  the	  field.	  

In	  this	  article,	  I	  believe	  that	  certain	  parts	  of	  the	  methods	  section	  could	  have	  been	  

strengthened.	  One	  major	  example	  of	  this	  takes	  place	  when	  the	  author	  was	  

describing	  how	  the	  SAI	  QRST	  integral	  was	  calculated.	  In	  it,	  they	  say,	  “all	  ECGS	  were	  

analyzed	  by	  customized	  software	  in	  a	  robust	  automated	  fashion.”v	  While	  I	  have	  



some	  knowledge	  of	  how	  this	  process	  was	  completed,	  partly	  due	  to	  my	  experiences	  

working	  with	  the	  primary	  author,	  the	  average	  person	  would	  not	  understand	  how	  

this	  data	  was	  analyzed.	  To	  me,	  this	  is	  a	  glaring	  error	  and	  may	  have	  undermined	  the	  

SAI	  QRST’s	  usefulness,	  as	  other	  people	  seeking	  to	  use	  the	  marker	  may	  not	  have	  the	  

ability	  to	  analyze	  their	  data	  in	  similar	  ways.	  	  

	   However,	  even	  with	  this	  shortcoming,	  I	  believe	  that	  the	  paper	  is	  very	  

persuasive.	  Throughout	  the	  paper,	  the	  usefulness	  of	  the	  new	  marker	  is	  emphasized,	  

and	  compared	  against	  the	  findings	  of	  past	  research.	  While	  the	  results	  may	  seem	  to	  

be	  completely	  opposite	  of	  many	  previous	  studies,	  the	  results	  were	  backed	  up	  with	  a	  

thorough	  statistical	  analysis	  from	  a	  large	  sample	  size	  (n	  >	  300	  people).	  This	  allows	  

for	  an	  easy	  to	  read	  and	  informative	  paper	  that	  gives	  clinicians	  a	  useful	  tool	  for	  

quantifying	  a	  patient’s	  risk	  for	  ventricular	  arrhythmias	  and	  whether	  an	  ICD	  

implantation	  will	  be	  useful	  or	  not.	  I	  have	  found	  that	  sometimes	  study	  papers	  such	  as	  

these	  may	  represent	  excellent	  research	  but	  ultimately	  the	  paper	  is	  not	  very	  effective	  

because	  it	  is	  not	  very	  clear	  what	  to	  do	  with	  the	  new	  findings.	  However,	  with	  this	  

paper,	  this	  issue	  did	  not	  arise,	  since	  the	  marker’s	  clinical	  usefulness	  is	  repeated	  

throughout	  the	  results	  and	  discussion	  sections	  of	  the	  article.	  

Finally	  one	  aspect	  I	  found	  especially	  admirable	  was	  that	  the	  author	  was	  

completely	  willing	  to	  admit	  something	  that	  was	  uncertain.	  While	  it	  would	  be	  nice	  to	  

know	  exactly	  what	  SAI	  QRST	  is	  measuring,	  especially	  as	  it	  is	  the	  focal	  point	  of	  the	  

paper,	  the	  author	  offers	  a	  suggestion	  of	  what	  is	  happening	  (action	  potential	  

cancellation)	  but	  ultimately	  says	  that	  research	  needs	  to	  be	  conducted	  to	  further	  

elucidate	  its	  meaning.	  



	  

Conclusion	  

In	  summary,	  I	  believe	  that	  this	  paper	  did	  all	  that	  it	  set	  out	  to	  do.	  In	  less	  than	  five	  

pages,	  the	  paper	  clearly	  explained	  the	  controversy	  surrounding	  the	  use	  of	  QRS	  

width	  as	  a	  predictor	  of	  risk	  for	  ventricular	  arrhythmias.	  It	  also	  established	  a	  new	  

marker	  (SAI	  QRST)	  and	  using	  statistical	  analysis	  of	  a	  prospective	  cohort	  study	  

showed	  that	  this	  SAI	  QRST	  was	  a	  more	  effective	  predictor	  of	  arrhythmia	  and	  has	  a	  

good	  deal	  of	  potential	  for	  helping	  make	  decisions	  as	  to	  whether	  a	  patient	  

necessitates	  ICD	  implantation.	  To	  further	  strengthen	  the	  paper,	  I	  would	  recommend	  

two	  improvements.	  With	  further	  explanation	  of	  how	  the	  data	  was	  collected	  and	  

analyzed,	  other	  electrophysiologists	  would	  be	  able	  repeat	  the	  analysis	  and	  adopt	  the	  

marker	  in	  their	  practice.	  Finally,	  a	  clear	  indication	  of	  what	  SAI	  QRST	  is	  actually	  

measuring	  would	  be	  extremely	  helpful	  in	  validating	  the	  use	  of	  this	  marker	  in	  clinical	  

medicine.	  
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