
In a First Nation community located north-
east of Haida Gwaii in British Columbia, a
38-year-old woman required resuscitation

from an apparent cardiac arrest that had occurred
while she was coaching at a competitive sports
event. She had a history of syncope and palpita-
tions. Her family history included a brother who
had died unexpectedly as an infant and an aunt
who had died suddenly at the age of 15 years.

In the same community, a 37-year-old woman
had a prolonged QT interval corrected for heart
rate (QTc) on electrocardiograms (ECGs), a his-
tory of frequent palpitations and brief episodes
of altered consciousness and weakness. Her fam-
ily history included sudden, unexplained death in
a newborn sibling and in a sister aged 32 years.

The women were diagnosed with long QT
syndrome. Clinical genetic sequencing showed
they both had a G-to-A substitution in exon 4 of
the KCNQ1 gene, resulting in a novel valine-to-
methionine amino acid change at position 205 of
the protein (V205M). Mechanistic studies subse-
quently established mutation pathogenicity.1

These two patients were not known to be related
within four generations. The long QT syndrome
in both women was managed with implantable
cardioverter defibrillators.

In a second First Nation community also
located northeast of Haida Gwaii, a four-year-old
girl complained that her “heart was jumping.”
Several ECGs were performed, and community
physicians made a clinical diagnosis of long QT
syndrome. The child’s paternal aunt had died
suddenly after childbirth at age 26, and her father
had lost two other siblings as infants to sudden,
unexplained death. Because the child’s grand-
mothers were both ancestrally from community
one, it was presumed this family would also carry
the KCNQ1 V205M mutation. However, targeted
testing was negative for this mutation, and com-
prehensive molecular testing was done for the
five most common long QT syndrome genes:
KCNQ1, KCNH2, SCN5A, KCNE1 and KCNE2.
Sequencing confirmed that the child and her
father shared a different mutation in KCNQ1,
R591H, which has been previously characterized

as a pathogenic mutation.2 Other family members
have been confirmed as mutation carriers, and a
history of sudden, unexplained death can be
traced back at least five generations. To date,
long QT syndrome in this family has been man-
aged effectively with β-blockers.

Discussion

Long QT syndrome is a rare, inherited cardiac
condition associated with life-threatening ven-
tricular arrhythmias. An estimated 80% of
hereditary long QT syndrome is caused by more
than 500 mutations in 12 genes (Appendix 1,
available at www.cmaj.ca /cgi/content /full
/cmaj.100138/DC1) that encode ion channels or
functionally related proteins involved in cardiac
conduction.3,4 Minor gene effects may play a
role in the presentation of long QT syndrome,3

and a combination of mutations and functional
polymorphisms may result in a more severe
phenotype with a greater risk of sudden death.5

Intense emotions or exogenous triggers such as
QT-prolonging drugs can also compound the
effect of a mutation, which reinforces the multi-
factorial and complex nature of the condition.
Although long QT syndrome in the communi-
ties described in this paper is caused by two dif-
ferent mutations in the KCNQ1 gene, the clini-
cal presentation and family history are similar.

How common is it?
The incidence of inherited long QT syndrome in
the general population is predicted to be 1:2500.4

However, clusters of affected individuals have been
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• Congenital long QT syndrome, an autosomal dominant condition,
predisposes affected people to cardiac arrhythmias and sudden
cardiac death.

• Sudden cardiac death can be prevented by appropriate medical manage-
ment such as β-blockers and avoidance of QT-prolonging drugs.

• Because two different mutations have been confirmed in two First Nation
communities in northern British Columbia, clinicians should consider the
possibility of long QT syndrome in members of these communities.

Key points
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seen in ethnically homogenous or isolated popula-
tions, presumably because of the familial nature of
the condition and founder effect.3

For example, in the first community described
in this paper, members of the community alerted
university researchers to the need to investigate
the high rate of long QT syndrome in the com-
munity. A research protocol was developed with
the community, and relatives of the two index
patients were invited to participate in a commu-
nity-based research project.1 To date, more than
300 people who originate from this community
have participated in the project. Fifty-eight peo-
ple have been confirmed to be mutation carriers. 

For clinicians providing care in northern British
Columbia, it is important to be aware that the esti-
mated frequency of this mutation of at least 1:125
in the two communities described in this paper is
20 times greater than the predicted rate in the gen-
eral population and among the highest worldwide
(map of the general region of the BC communities
available at Appendix 2, www.cmaj .ca/cgi/
content/full/cmaj.100138/DC1).

How is the diagnosis made?
The clinical diagnosis of long QT syndrome is
made on the basis of a prolonged QTc interval,
for which the cut-off remains controversial
(Table 13,6), or the presence of a known patho-
genic long QT syndrome mutation. However,
30%–40% of those affected will be either under-
or overdiagnosed because of equivocal QTc
measurements. In the first community, carriers
have a significantly higher mean QTc (Figure 1)
than noncarriers (465 [standard deviation 28] ms
v. 434 [standard deviation 26] ms, p < 0.0001);
however, 30% of carriers had at least one ECG
with a QTc below 440 ms.1 Sex-specific differ-
ences in clinical findings can further complicate

diagnosis. In the first community, for example,
there is no apparent difference in the QTc
between male V205M mutation carriers and
noncarriers,1 although this finding is limited by
the fact that few men enrolled in the study.

What is the prognosis?
The lifetime risk of death in long QT syndrome
is reported to be between 15% and 70%, but
varies with the gene involved, age, sex and
length of the QT interval.3 The risk for death is
highest in the two years following the first car-
diac event.3 The overall mortality risk can be
substantially reduced with appropriate treatment,
which is dictated by the ion channel involved.
Therefore, health care providers must be alert to
the possibility of the syndrome, be vigilant when
reviewing ECG findings and ensure genetic test-
ing is started for all patients with clinical features
of the syndrome or those who are first-degree
relatives of a mutation carrier.

The standard medical treatment for the most
common type (type 1) of long QT syndrome,
caused by mutations in KCNQ1, is oral β-block-
ers.3 In a minority of cases, such as when cardiac
arrest has occurred, or when β-blockers are con-
traindicated or ineffective, implantable car-
dioverter defibrillators are considered.3 In a
recent study, noncompliance with medications or
exposure to QT-prolonging drugs was associated
with important cardiac events;7 this suggests that
when patients who are carriers of a KCNQ1
mutation take β-blockers regularly and avoid
QT-prolonging drugs, the risk of death may be
eliminated. β-blockers are not without adverse
effects, and patients might not comply with treat-
ment advice. 

Further longitudinal research to determine the
specific risk for serious cardiac events and opti-
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RR interval = 0.86 s  

QT interval = 480 ms  QTc = 480/ 0.86 
QTc = 518 ms 

Figure 1: Example of a 12-lead electrocardiogram in a participant from community one with a heterozy-
gous KCNQ1 V205M mutation. QTc = QT interval corrected for heart rate.



mal management strategies is essential in estab-
lishing and providing the most effective clinical
management.3 For now, based on the evidence
for the effectiveness of β-blockers in carriers of a
KCNQ1 mutation, pharmacologic treatment
should be started even if patients are otherwise
asymptomatic.7

QT-prolonging drugs
The avoidance of QT-prolonging drugs is chal-
lenging. More than 300 drugs, as seemingly
benign as antibiotics or as common as antide-
pressants, are known to potentially trigger
events (Table 2).8 Additionally, for about 15%
of asymptomatic people with confirmed long
QT syndrome, the first clinical indication of the
condition is sudden cardiac death.3 Therefore, it
is essential that carriers of the mutation avoid
QT-prolonging drugs and other known triggers,
even when there is no obvious prolongation of
the QT interval.

Psychological effects
Another important aspect of clinical care to
consider for these patients is the psychologic
impact of long QT syndrome. The emotional
impact of learning that one has inherited a pre-
disposition to sudden cardiac death or that
one’s children are at risk or affected can be pro-
found.9 The perception that primary care physi-
cians have little knowledge about this generally
rare condition can raise anxiety levels even fur-
ther.9 This may be a particular concern for those
in remote areas that are served by rotating or
locum clinicians, who may not be aware of the
local impact of the condition. Therefore, in
addition to physical management, it is impor-
tant to ensure that psychologic support, includ-
ing counselling, is available.

Conclusion
The diagnosis of long QT syndrome presents
challenges to the patients, families and their
health care providers. A high rate of long QT
syndrome (type one) is present in First Nation
people who originate from northern British
Columbia, with two different, pathogenic muta-

tions responsible. Although a prolonged QTc on
ECG may be predictive of a mutation, a negative
ECG does not rule it out. The identification of
these mutations has provided physicians with 
a valuable diagnostic test for the relatives of 
a mutation carrier. However, as migration
throughout Canada is inevitable, those affected
will present well beyond the confines of the
community borders. Therefore, health care
providers must exercise caution when prescrib-
ing QT-prolonging drugs to First Nation people
from northern British Columbia who show evi-
dence of a prolonged QT interval or are related
to those with long QT syndrome. The impor-
tance of exploring a family history of this syn-
drome should not be overlooked and could be
life-saving when prescribing medications,
because appropriate management will improve
the chance of survival of those at risk.

Future studies in these communities are
planned to address knowledge gaps, including
sex-specific differences in the clinical pheno-
type, the role of secondary mutations, and fac-
tors that may hinder or support coping in
affected families. Ongoing monitoring of
patients molecularly identified with the condi-
tion will provide more information on the nat-
ural history of the syndrome in these communi-
ties and, in turn, will improve management
strategies and patient care.
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Table 1: Interpretation of QTc intervals  
in adults3,6 

QTc, ms 

Interpretation Men Women 

Abnormal ≥ 450 ≥ 460 

Normal 390–450 390–460 

Note: QTc = QT interval corrected for heart rate. 

Table 2: Examples of generic medications found 
to prolong QT intervals* 

Generic drug 
name Function 

Ciprofloxacin Antibiotic 

Clarithromycin Antibiotic 

Erythromycin Antibiotic, GI stimulant 

Tamoxifen Anticancer 

Citalopram Antidepressant 

Fluoxetine Antidepressant 

Paroxetine Antidepressant 

Sertraline Antidepressant 

Diphenhydramine Antihistamine 

Terfenadine Antihistamine 

Quetiapine Antipsychotic 

Albuterol Bronchodilator 

Ephedrine Bronchodilator, decongestant 

Methylphenidate CNS stimulant 

Pseudoephedrine Decongestant 

Methadone Opiate agonist 

Note: CNS = central nervous system, GI = gastrointestinal.  
*A complete and up-to-date list can be found at 
www.azcert.org/medical-pros/drug-lists/CLQTS.cfm.8 



References
1. Arbour L, Rezazadeh S, Eldstrom J, et al. A KCNQ1 V205M

missense mutation causes a high rate of long QT syndrome in a
First Nations community of northern British Columbia: a com-
munity-based approach to understanding the impact. Genet Med
2008; 10:545-50.

2. Grunnet M, Behr ER, Calloe K, et al. Functional assessment of
compound mutations in the KCNQ1 and KCNH2 genes associa-
ted with long QT syndrome. Heart Rhythm 2005;2:1238-49.

3. Goldenberg I, Zareba W, Moss AJ. Long QT syndrome. Curr
Probl Cardiol 2008;33:629-94.

4. Schwartz PJ, Stramba-Badiale M, Crotti L, et al. Prevalence of
the congenital long-QT syndrome. Circulation 2009;120:1761-7.

5. Gargus JJ. Unravelling monogenic channelopathies and their
implications for complex polygenic disease. Am J Hum Genet
2003; 72:785-803.

6. Rautaharju PM, Surawicz B, Gettes LS. AHA/ACCF/HRS rec-
ommendations for the standardization and interpretation of the
electrocardiogram. Part IV: the ST segment, T and U waves, and
the QT interval. A scientific statement from the American Heart
Association Electrocardiography and Arrhythmias Committee,
Council on Clinical Cardiology; the American College of Cardi-
ology Foundation; and the Heart Rhythm Society. Circulation
2009;119:e241-50.

7. Vincent GM, Schwartz PJ, Denjoy I, et al. High efficacy of β-
blockers in long-QT syndrome type 1 contribution of noncom-
pliance and QT-prolonging drugs to the occurrence of β-blocker
treatment “failures.” Circulation 2009;119:215-21.

8. Drugs to be avoided by patients with congenital long QT syn-
drome (CLQTS) [website of the Arizona Center for Education
and Research on Therapeutics]. Available: www.azcert.org
/medical-pros/drug-lists /CLQTS.cfm (accessed 2010 Jan. 17). 

9. Farnsworth MM, Fosyth D, Haglund C, et al. When I go in to
wake them … I wonder: parental perceptions about congenital
long QT syndrome. J Am Acad Nurse Pract 2006;18:284-90.

Affiliations: From the Department of Medical Genetics
(Arbour, Huisman), University of British Columbia, Vancou-
ver, BC; the Island Medical Program (Arbour, Jackson), Vic-
toria, BC; and the Department of Pediatrics (Sanatani), BC
Children’s Hospital, Vancouver, BC

Contributors: All authors wrote and revised the manuscript,
and approved the final version submitted for publication.

Acknowledgements: This teaching case report has been
reviewed and approved by the UBC Research Ethics Board
and the Gitxsan Health Society Board. Members of both
communities have reviewed and approved earlier versions of
this manuscript. The authors thank their community-based
partners, especially Sheri Martin, Gwen Simms and Julia
Sundell. The authors also thank Rosemarie Rupps, Sarah
McIntosh, Samantha Lauson, Brett Casey, Stanley Tung and
Charles Kerr from Provincial Health Services Authority;
Laurence Sterns, Paul Novak, Richard Leather, Brian Sin-
clair and Anthony Tang from Vancouver Island Health
Authority; and George Deagle and Pam Kryskow from the
Northern Health Authority for their clinical contributions.
This work was funded by the Canadian Institutes of Health
Research grant no. 81197 to Laura Arbour and Shubhayan
Sanatani. Laura Arbour also holds a career salary award
through the Michael Smith Foundation for Health Research. 

Practice

4 CMAJ



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


