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INTRODUCTION
Sudden unexpected deaths from heart arrest have been reported
with use of non-cardiac drugs since the early 1960s (Iyer, 2010).
These drugs, which cause sudden death, have centered on torsade
de pointes (TdP), a polymorphic ventricular arrhythmia that can
progress to ventricular fibrillation and sudden death. Prolonga-
tion of the QTc interval is a surrogate marker for the ability of a
drug to cause TdP. In individual patients an absolute QTc inter-
val of >500 ms or an increase of 60 ms from baseline is regarded
as indicating an increased risk of TdP. However, TdP can occur
with lower QTc values or changes. Concern about a relationship
between QTc prolongation, TdP, and sudden death applies to a
wide range of drugs and has led to the withdrawal or restricted
labeling of several. Arrhythmias are more likely to occur if drug-
induced QTc¢ prolongation coexists with other risk factors, such
as individual susceptibility, presence of congenital long QT syn-
dromes, heart failure, bradycardia, electrolyte imbalance, overdose
of a QT c-prolonging drug, female sex, restraint, old age, hepatic or
renal impairment, and slow metabolic status. Pharmacodynamic
and pharmaco-kinetic interactions can also increase the risk of
arrhythmias. The risk should be viewed in the context of the overall
risks and benefits of anticancer treatment. It seems prudent, where
possible, to select anticancer treatments that are not associated
with marked QTc prolongation. If use of a QTc-prolonging drug
is warranted, then measures to reduce the risk should be adopted.
L-Asparaginase is marketed as a drug for the treatment of acute
lymphoblasticleukemia The main side effect is an allergic or hyper-
sensitivity reaction; anaphylaxis is a possibility. No cardiac arrest
effect has been observed before. However, in our clinical practice,
a heart arrest was observed in a 1-year-old infant with leukemia.

EXAMPLE CASE

A male 1-year-old infant with Lymphatic acute leukemia was
admitted in Hospital de Nifios “Sor Maria Ludovica,” in La Plata,
Buenos Aires, Argentina. He received the following treatment:

Since unexpected sudden deaths have been reported with the use of diverse non-cardiac
drugs, cardio-safety experts focused their attention on security measures to improve sur-
vival rates in heart stoppages due to this prescribed drugs (Inchauspe, 2010a). Considering
that prolongation of the QTc is a reliable marker of a menacing arrhythmia called torsade
de pointes (TdP) — that can progress to ventricular fibrillation, application of Bazett, or
Rautaharhu formulas can lead to a proper predictive valuation of a “torsadogenic risk.”
Case-analysis raises up the proposal that QTc or QTp will allow to identify high risk
groups; performs a close pharmaco-vigilance and legally register ECG follow-up, avoiding
unnecessary withdrawal of useful drugs from market.
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Therapeutic protocol: IB protocol, MARMA Interfant-05

— Vincristine: 0.6 mg (push)
— Daunorubicin: 12 mg/kg
— L-Asparaginase: 1000 UL

Particularly, after intravenously administering L-Asparaginase at
the Hematology Ward, at 12:30 h the patient suffered cardiorespi-
ratory arrest. Basic and advanced CPR techniques were initiated —
endotracheal intubation and ambu ventilation, plus two doses of
adrenaline and continued until the patient entered the Critical
Care Unit about half an hour later. He presented hemodynamic
decompensation (Table 1), hypothermia, and poor peripheral
perfusion.

MATERIALS AND METHODS
Before a suspected diagnosis of an ANAPHYLACTIC OR IDIOS-
INCRATIC REACTION for this cardiac arrest, the child was
treated as follows:

Basic and Advanced CPR (ILCOR) protocol

— Adrenaline (two doses).

Endotracheal intubation: respiratory Mechanical Assistance
(RMA)

Setting: 1/fr =22/VT 90/0.7 ri
VCV Mode: LE=1:2.8.

Intravenous medications:

H.P.: 60/2/1

Colloid expansion: 10 mg/Kg
Fentanyl: 1 gamma/kg/h
Midazolam: 0.1 mg/kg/h
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— Dopamine: 10 gamma/kg/min.

Hematological treatment:
K vitamin: 5 mg/dose/day.

After indicating the inotropic support and the volemia expansion
by means of crystalloids, laboratory results were received. They
confirmed hemostasis alteration, which is corrected by providing
K vitamin (see Table 2).

RESULTS
Fortunately, this kid had a favorable evolution, as we can see in his
tests controls (see Table 3).

In Figure 1, an ECG sample performed a day after the emer-
gency is shown. It features a frequency of almost 200/min and P
wave absence (only catching the last four beats), most presumably
due to an inotropic effect.

Cardiac toxicity from these drugs is reported in Goodman—
Gilman’s Treatise.

Individual idiosyncratic potential risk increases this danger in
the whole of the protocol products (Litchner, 2010). Among them,
both Vincristine and L-Asparaginase cause severe hepatotoxicity,

Table 1 | Parameters I: hemodynamic decompensation.

Cardiac frequency 160/min

TA. 48/32 mm Hg

0O sat. 100%

T 36°C (hypothermia — coldness in distal extremities)

Peripheral perfusion Capillary repletion > 3's

Photomotor reflex Isocoria — reactive pupillary reflex

Table 2 | Parameters Il: hemostase impairment.

derived from their pharmaco-kinetic metabolism, as was shown
in the hemostasis defect.

The new decision of spreading the infusions of the protocol
drugs within the week was made in order to allow the liver to
recover (Swedborg, 2010).

The condition regressed completely at night (around 9:00 pm),
and control parameters came back to normal (see Table 2).

DISCUSSION

Currently, there are many products that can induce QT-interval
prolongation at the ECG, thus favoring sudden death (Inchauspe,
2010b).

WHO defines Sudden Death as an episode appearing within
24 h of the beginning of an illness.

Under both eastern and western concepts, the combinations
proposed in some protocols (and others enlisted by Dr. Wang
(Wang, 2010) in the Harvard Office of Toxicology Exploration)
could lead to a disruption of the ionic potassium channels of the
myocardial cells (Asai, 2010), mostly in patients with congenital or
acquired Long QT Syndrome. This condition could give rise to the
appearance of precocious post-depolarizations (PDPs). Once they
have reached a threshold amplitude, the PDPs can trigger highly
risky arrhythmia known as “Torsade de pointes” (Dessertenne,
1966; Dessertenne et al., 1966), and a possible cardiac arrest.

Fortunately, today there is the possibility of carrying out ambu-
latory studies of cardiac frequency variability through continuous
monitoring of spectral analysis of R-R’ (Inchauspe, 2011), cor-
rected QT formulas are still a very practical way to determine
QT-interval length next to the patient’s bed:

Application of QTc (corrected) Bazett Formula:
QT
vR—FR

or QTp (precision) Rautaharhu Formula:

QT(c) =

Prothrombin conc. 52% QT(p) = 656
KPTT 1845 P/ = . cardiac rate
Partial thromboplastin time 86s + 100
Both formulas are appropriate as a QT screening since val-
pprop 8
Table 3 | Parameters Ill: recovery. ues over 0.45s will be indicative of a QT-interval prolongation.
_ _ And rates over 0.66 s would be likely to pose a torsadogenic risk
Cardiac rate 140/min (Lanzotti and Citta, 2003).
TA. 82/55 mm Hg Proposal of a QT'c or QTp screening will allow us to:
O, sat. 100%
Respiratory rate 22/min (a) Identify high risk groups;
Peripheral pulses Present (b) Perform close pharmaco-vigilance during treatment;
| | | | HR: 202B/m  LES
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FIGURE 1 | ECG sample performed 24 hours after the emergency.
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(c) Legally register ECG follow-up (useful as medical responsibil-

ity evidence);

(d) Avoid the unnecessary withdrawal of essential drugs from the

market.

Each year 1,500,000 patients severely injured by prescribed drugs

require hospitalization.

Out of these, 100,000 die, this being the fourth cause of death

in USA.
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Careful, long-term evaluation of cardiovascular safety can lead

to better medical treatments.

ACKNOWLEDGMENTS

Grateful thanks to Mrs. Sandra Hinojosa, pharmacist from the
Hospital de Nifios “Sor Maria Ludovica,” La Plata, for her invalu-
able help in the research, references, and follow-up of this

case.

Litchner, R. (2010). “Explorative tox-
icological assessment of consumer
products,” in BIT’s 8th annual Con-
gress of International Drug Discov-
ery Science and Technology (IDDST),
Chap. 1, Sect. 1, Beijing.

Swedborg, N. (2010). “Drug abuse
and dependence liability assessment
in safety pharmacology,” in BIT’s
8th Annual Congress of International
Drug Discovery Science and Tech-
nology (IDDST), Chap. 1, Sect. 1,
Beijing.

Wang, J. (2010). “Cardiovascular safety:
how to develop risk assessment,” in
BIT’s 8th Annual Congress of Inter-
national Drug Discovery Science and
Technology (IDDST), Chap. 1, Sect.
1, Beijing.

Conflict of Interest Statement: The
author declares that the research was
conducted in the absence of any
commercial or financial relationships

that could be construed as a potential
conflict of interest.

Received: 16 February 2012; paper pend-
ing published: 06 March 2012; accepted:
04 May 2012; published online: 14 June
2012.

Citation: Inchauspe AA (2012) Torsado-
genic index: a proposal to improve sur-
vival rates in cardiac arrests due to pre-
scribed drugs. Front. Pharmacol. 3:99.
doi: 10.3389/fphar.2012.00099

This article was submitted to Frontiers
in Pharmaceutical Medicine and Out-
comes Research, a specialty of Frontiers
in Pharmacology.

Copyright © 2012 Inchauspe. This is an
open-access article distributed under the
terms of the Creative Commons Attribu-
tion Non Commercial License, which per-
mits non-commercial use, distribution,
and reproduction in other forums, pro-
vided the original authors and source are
credited.

www.frontiersin.org

June 2012 | Volume 3 | Article 99 | 3


http://dx.doi.org/10.3389/fphar.2012.00099
http://www.frontiersin.org
http://www.frontiersin.org/Pharmaceutical_Medicine_and_Outcomes_Research/archive
http://creativecommons.org/licenses/by-nc/3.0/

	Torsadogenic index: a proposal to improve survival rates in cardiac arrests due to prescribed drugs
	Introduction
	Example Case

	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


