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Summary

Background: Sustained ventricular tachycardia(VT) com-
plicating the acute phase of myocardia infarction (AMI) isa
quite rare event but with short-term unfavorable prognoss.
Thedinical characterigticsaswell asthetherapeuticimplica
tionshave not yet been well defined.

Hypothesis: This paper attemptsto provethat VT may be
considered amarker of inadequate myocardid perfusion after
thrombolysis.

Methods. To assessthe clinic-electroangiographic charac-
teristics and prognosis of patientswith VT occurring within
thefirst 4 daysof an AMI, acase-control study wascarried out
in 23 patientsfrom atota of 1,100 patients(1.9%) hospitdized
with AMI between March 1993 and July 1997. These patients
were compared with acontrol group of 131 patients hospital-
ized consecutively. A statistical analysiswas made using the
chi-squaretest, t-test, and logistic regression.

Results: Therewereno differencesamong groupswith re-
gardto age, gender, and area of necrosis. Averagetimefor the
onset of VT was 26 h (range 0-92 h). Sixteen patients under-
went coronary angiography: 4 patients had left main coronary
artery disease, 2 had single-vessdl disease, 8 had lesionsintwo
vessdls, and 2 had triple-vessdl disease. Univariate andysis
showed that patientswith VT had ahigher incidence of crea-
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tine phosphokinase (CPK)-MB peak >300 Ul/I (61 vs. 30%;
p<0.001), morefrequent occurrence of previousAMI (48 vs.
17%,; p<0.001), and acuteintraventricular conduction disor-
ders (26 vs. 4%; p<0.001). Furthermore, these patients suf-
fered ischemiapreviousto VT more frequently (65 vs. 11%;
p<0.0001), and had a greater mortaity rate than that in the
control group (35vs. 4%; p<0.0001). Inthemultivariant anal-
ydis, thevariablesrel ated to the occurrence of VT were CPK-
MB pesk >3001U/l (OR5.9; 95% Cl 1.6-21), acuteintraven-
tricular conduction disorders (OR 9.02; 95% Cl 1.7-48), and
ischemia immediately prior to VT (odds ratio [OR] 19.64;
95% confidenceinterval [Cl] 5.3-73).

Conclusions: Ventricular tachycardiamay be considered a
marker of inadequate myocardia perfusion after thromboly-
sis, therefore, amore aggressive revascul arization trestment in
these patientswoul d be advisable. Theprofileof patientswith
AMI, hospitalized in the coronary care unit, who will likely
suffer from VT ispreviousAMI, CPK-MB pesk > 300, acute
intraventricular conduction disorders, Killip>1, andischemia
previoustoVT.
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Introduction

The prognosisand el ectrophysiol ogic mechanisms of sus-
tained ventricular tachycardia(V T) that occur in the subacute
and chronic phase of an acute myocardial infarction (AMI)
have been widdly studied both in experimental and human
models.: 2 However, during the acute phase of AMI, most
efforts have been focused on ventricular fibrillation.3® Re-
cently, asubanaysisof the Global Utilization of Streptokinase
and t-PA for Occluded coronary arteries (GUSTO) tria has
defined the clinic-electroangiographic characteristics of pa-
tients who suffered from VT during the 48 h following an
AMI.8 This study assessed the significance, prognosis, and
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therapeuticimplicationsof VT inthe acute phase of AMI, but
they found no relationship between VT and ischemiaimmedi-
ately previoustothisarrhythmia. Wolfeet al. found arelation-
ship between polymorphic VT and ischemia.” The purpose of
our study was to assess the sgnificance of VT in the acute
phase of AMI and its possible relation to immediately previ-
ousischemia

Methods
Patients

Between January 1993 and July 1997, 1,100 patients with
AMI werehospitalized inthe coronary careunit of our hospitd.

Dataon demographic and clinic characterigtics, laboratory
results, and complicationsduring the patients hospitdization
were collected prospectively on aform designed for that pur-
pose. Thediagnosisof AMI wasbased on clinical symptoms
(chest painfor > 30 min), electrocardiogram (ECG) changes,
and serid increasesin creatinekinase (CPK) levelsanditsMB
isoenzyme (CK-MB). All patients were monitored using a
cardiac station capable of storing the ECG tracings for 24 h
and reproducing them at any time on three different channdls.

Coronary angiography was performed during the patients
hospital admission when they experienced theepisodeof VT.
Prophylaxis with lidocaine was not administered to any pa-
tient. Beta-blocker treatment was used in 50% of patientsin
the control group and in 30% of patients who suffered VT.
These drugs were not used if there was any contraindication
such as heart failure, heart blockade, or chronic bronchitis.
These patients were followed up until they were discharged
from the coronary care unit. Data of the 23 patientswith VT
were compared with the control group (131 patients with
AMI but without VT, hospitalized consecutively during the
first 6 monthsof 1997).

Definitions

Sustained ventricular tachycardiawas defined asaregular
wide-complex tachycardia(=120ms), lasting >30 sor leading
to ahemodynamic compromise, a arate of >120 beats/min.

Ventricular tachycardia was considered polymorphic
(PVT) when QRS complexes had variationsin polarity and
width. Patientswith ventricular fibrillation immediately be-
fore an episode of VT, patientswho had VT after 4 daysin
hospital, and those with any major cardiopathy associated
withischemic heart disease (v vular heart disease, etc.) were
excluded from the study. These exclusion criteriawere estab-
lished to avoid any condition that could favor the appearance
of VT.

Indirect reperfusion criteriaare defined asadecreasein the
ST segment of >50% and the occurrence of maximum CPK
peak before 14 h from the onset of AMI symptoms. Ischemia
occurring previousto the VT episode was based on the occur-
renceof perd stent anginadespitethrombolytic therapy, theoc-
currenceof post AMI anginaregardiessof ECG changes, or as

adlent increase or decrease in the ST segment immediately
beforeVT.

An extensiveinfarction was defined as CK-MB peak level
>3001U/.

Statigtical Analysis

Numerical dataare shown asmeanvalue+ standard devia-
tion. Differences between both groups were compared using
the chi-square test and the Student’st-test. A logistic regres-
sion anaysiswas performed to obtain the independent vari-
ablesassociated with occurrenceof VT. A logistic regression
analysiswasa so performed to determine the variables asso-
ciated with an increased risk of mortality. The CPK-MB val-
ues were transformed into a dichotomic variable to obtain
greater sensitivity and specificity; 300 U/l was chosen asthe
“cutoff” value.

Thelevel of statigtical significancewasp<0.05. Statigtical
analysis was made using the Statistical Package for Socid
Sciences(SPSS, Inc., Chicago, Il1., USA).

Results

Of 1,100 patients admitted to the coronary care unit witha
diagnosisof AMI, 23 had an episode of VT duringthefirst 4
days. Another six patients had an episode of VT between 5
and 27 days, but were not included in thisstudy. In total, they
represent 2% of all patients admitted consecutively due to
AMI. Ten patientswere not included either becausethey had
ventricular fibrillation (VF) previousto VT, or because they
did not suffer from AMI according to the above-mentioned
criteria. Moreover, another two patientswere excluded for se-
vere aortic stenos's associated with an episode of ischemic
heart disease.

Table | shows clinical and demographic characterigtics.
Therewere 20 men and 3women, with an average ageof 65+
9(51-82). Eleven patientshad previousAMI. Thelocationsof
AMI were 6 anterior-septal-lateral, 12 posterior-inferior, 3
non-Q AMI, and 2 with mixed allocations. Nine patients re-
ceived thrombol ytic treatment with tissue plasminogen activar
tor, 8 received streptokinase, and 6 did not undergo thrombol-
ysishecausethey did not meet the criteria in 3 casesthe ECG
lesion was subendocardia and in 3 casesthe evolution time of
AMIwas>12h.

The average time for thrombolysis was 4 h and 40 min.
Eleven patients(48%) showed indirect reperfuson criteriaand
12 (52%) had no evidence of such criteria

Theclinica Situation of these patientsaccording to Killip's
classficationwasasfollows: 26% werein Killip class1, 52%
wereinclassll, 9%inclasslil, and 13% suffered from cardio-
genic shock. The average gection fraction of these patients,
calculated by either ventriculography or transthoracic echo-
cardiography, was 44% (24-63%).

Occurrenceof anacuteintraventricular conduction disorder
by right or left bundle-branch block was observed in six pa-
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TaBLE |  Clinica characteristicsof patientswith ventricular tachycardia

No. patients/ Previous Locetion Fibrinolysis Rep. Killip EF
gender Age AMI of AMI 2 Fibrinolysis TimeP CPK/MB U/ Crit¢  class¢ (%)
UM 76 + Anterior-septa t-PA 4h 6800/806 + I 28
2IM 65 + Inferior t-PA 4h 3170/376 + Il 34
3IM 74 + Posterior-lat. t-PA 8h 6925/799 + Il 47
4M 79 0 Inferior & RV SK 6h 1776/293 0 Il 50
5/'M 51 0 Inferior SK 4h 3875/545 + Il 45
6/M 56 0 Pogterior-inf. SK 5h 4300/430 + | 58
M 76 0 Pogterior-lat. No NA 5022/567 0 v NA
8'M 52 0 Anterior-septal SK 14h NA 0 v NA
IM 72 + Anterior K 5h 1379/140 0 11 55
10M 66 0 Inferior t-PA 90min 6190/472 0 | 40
11/F 69 + Anterior-septal No NA 370/37 0 | 24
12/M 66 + NoQ No NA NA + Il 30
13/F 55 + Inferior t-PA 70min 4355/608 + Il 55
14/M 62 0 Anterior t-PA 150min 5725/500 0 Il 34
15/M 59 0 Inferior t-PA 5h 2118/ + | 61
16/M 73 0 Posterior-inf. t-PA 5h 3155/443 + Il 63
17/M 58 + Inferior t-PA 2h 736/71 0 | 50
18/F 82 + Inferior No NA 3494/350 0 1 NA
19M 48 + Anterior SK 6h 3590/397 0 Il 30
20/M 70 0 NoQ No NA 418/65 0 I NA
21/M 70 0 Posterior-inf. K 5h 3560/501 + Il 38
22/M 69 0 Posterior-inf. K 4h 3355/405 + Il 45
23/M 67 + No-Q No NA NA 0 v NA

aElectrocardiographic AMI location.

b Timefrom the onset of symptomsto the start of thefibrinolysisprocedure.

¢ Reperfusion criteriadefined asdecrease of the ST segment >50% and CPK peak before 14 h from hospital admission.

dMaximum Killip during hospitalization.

Abbreviations: AMI acute myocardial infarction, CPK = cregtinekinase, MB = MB fraction, Rep Crit = reperfusion criteria, EF = gection frac-
tion, F=femae, M =male, RV =right ventricular, lat. = latera, inf. = inferior, t-PA =tissue plasminogen activator, SK = streptokinase, NA = non-
availableor nonapplicabledata, +=yes, 0=no.

tients (26%). Ventricular tachycardia was polymorphic in 1
case, monomorphic in 20 cases, and in 2 cases the polymor-
phic VT becamemonomorphic.

Average time from onset of symptoms of ischemic heart
disease until the occurrence of arrhythmiawas 26 h (onset—92
h) (Table Il). Fifteen patients (65%) had ischemia previous
to VT. Sixty-nine percent of patientsunderwent coronary an-
giography: 4 (17%) patientshad main left coronary artery dis-
ease, 2 (9%) had single-vessel disease, 8 (35%) had double-
vessel disease, and 2 (9%) had triple-vessal disease. The
overal mortdity of thisgroup of patients, who presented with
anepisode of VT during the acute phase of AMI, was 35%.

Univariate Analysisof Patientswith Ventricular
Tachycardia

Table 1l showsthe results of the univariate analysis com-
paring the patient’s characteristics with and without VT. No
statigtically significant differenceswerefound regarding age,
gender, thrombolysis, reperfusion criteria, or location of AMI.

Patientswith VT have more extensiveinfarctionsdueto a
higher CPK-MB peak (>300 1U/l) (61 vs. 30%; p = 0.0006),
higher Killip'sclassat admission (Killip>1, 74 vs. 30%; p=
0.0001), background of previous AMI (48 vs. 17%; p =
0.0008), and acute intraventricular conduction disorder (26
VvS. 4%; p=0.0004). Furthermore, these patientshad ischemia
immediately before VT more frequently (65 vs. 11%; p =
0.0001). The mortality ratein thisgroup of patientswasalso
higher (35vs. 4%, p=0.0001).

LogisticRegression

As shown in Table IV, the following variables, CPK-MB
pesk (odds ratio [OR] 5.9; 95% confidence interva [Cl]
1.6-21), acuteintraventricular conduction disorders(OR 9.02;
95% Cl 1.7-48), and previousischemia (OR 19.64; 95% Cl
5.3-73), wereindependent predictorsfor theoccurrenceof VT
during the acute phase of AMI. The other variables analyzed
(age, gender, history of previous AMI, fibrinolysis, reperfu-
sion criteria, Killip'sclassification) were not independent pre-
dictorsfor theoccurrenceof VT.
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TaBLE Il Angiographic characteristicsof ventricular tachycardia

Patient No. T. symptomsarrhythmia? PreviousischemiaP Desth Coronary angiography
1 4h + + No
2 40h 0 0 AD 100%; Cx 60%
3 8h + 0 D1 80%; OM1 75%; OM2 90%
4 92h + + No
5 6h 0 0 RC 100%; PTCA ineffective
6 40h 0 0 No
7 38h 0 + No
8 16h 0 + AD occluded; Cx100%; OM 1 60%
9 24h + + RC 90%; AD 70%
10 30h + 0 RC 70%; PD 70%
11 Unspecific + + CD occluded; LM 60%
12 30min + 0 LM 100%; AD occluded
13 72min + 0 RC 95%; AD 60%
14 150min + 0 AD occluded; RC50%
15 72h 0 0 No
16 31h 0 0 No
17 Onset + 0 PD occluded; Cx occluded
18 12h + 0 No
19 90h 0 + RC,AD & Cx occluded
20 24h + 0 Cx 90%; AD and D1 75%
21 6h + 0 LM 70%, AD,Cx,RC 70%
2 4h + 0 Cx and OM290%. PTCA
23 24h + + LM 90%; 3vessds

aTimefrom onset of AMI to occurrenceof VT.

blschemiapreviousto VT.

Abbreviations: AD = anterior descendent, Cx = circumflex, Om1 = oblique marginal 1st branch, Om2 = oblique marginal 2nd branch, RC =right
coronary, LM =left main coronary artery, D1 =first diagonal, PTCA = percutaneoustrand umina coronary angioplasty,+ =yes, 0=no.

TaBLE Il Clinica characteristics and mortality rate in patients with and without SVT. The vaues shown are means + standard deviation.
Absolute valuesarethe number of patientsand the percentagesthey represent are given in parentheses.

AMI without VT AMIwithVT

(n=131) (n=23) RR Cl 95% pValue
Age 62+11 65+9 024
Gender (M/F) 98/33 20/3 050 0.17-1.57 0.20
MB > 300 (%) 39(30) 14(61) 42 1.70-10.23 0.0006
PreviousAMI (%) 2(17) 11(48) 3.36 1.63-6.7 0.0008
Fibrinolysis(%) 69(53) 17(74) 2.24 093-5.38 0.05
Reperfusion (%) 2 59 (45) 11(48) 1.10 051-2.33 0.80
BBB 6(4) 6(26) 418 2.03-859 0.0004
Ischemiapreviousto VT (%) 15(12) 15(65) 7.76 3.62-16.57 0.0001
Killip>! (%) 40(30) 17(74) 482 201-1152 0.0001
Desths (%) 6(4) 8(35) 533 2.75-10.30 0.0001

aExistenceof reperfusion criteria; decrease of the ST segment >50% and CPK pesk before 14 h from hospital admission.
Abbreviations: M=male, F=femde, CK-MB = creatinekinase> 3001U/1, BBB = bundle-branch block, Cl = confidenceinterval, RR=rd ativerisk.

Univariate Analysisof I ntracoronary Unit Mortality ferenceswerefound in the existence of acuteintraventricular
conduction disorders, Killip>1, andischemiapreviousto VT.
TableV showsthe differences between survivorsand non- Presence of VT waslessfrequent (11%) inthe survivor group

survivorsinthecoronary careunit. Statistically significant dif- thaninthenonsurvivor group (57%).
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TaBLE IV Resultsfromlogistic regression: Independent predictors
of theincidence of sustained ventricular tachycardia(n = 23)

Corrdation Odds

Variable factor ratio ClI9%5% pVdue
Constant —2.86 0.03
BBB 219 9.02 1748 0.009
IschemiaprevioustoVT  2.97 1964 53-73 00001
MB peak >3001U/1 178 5.90 16-21 0.005
Abbreviationsasin Tablelll.
TaBLE V  Univariateandysisfor themortality rate (n=154)
Non-
survivors  Survivors p
(n=14) (=140 RR Cl95%  Vdue

Age>65(%) 11(78) 65(46) 3.76 1.09-1296 0.02
Previous

AMI (%) 6(43) 27(200 275 102737 004
Fibrinolysis

(%) 9(64) 77(55) 142 050405 050
Reperfusion

(%)2 3(21) 67(48) 032 009112 005
BBB 6(43) 6(4 887 3682132 00001
Killip>1 12(86) 45(32) 1021 23644  0.0001
Ischemia

previous

toVT 7(50) 23(16) 413 1561089 0.002
SVT 8(57) 15(11) 759 2901985 0.0001

a Reperfusion criteriadefined as a decrease of the ST segment >50%
and CPK pesk before 14 h from hospital admission.

Abbreviations: BBB = bundle-branch block, Killip >1 = maxi-
mum Killip classduring hospitalization, SVT = sustained ventricular
tachycardia.

L ogisticRegression for Mortality (TableVI)

Of dl thevariablesanalyzed, only the presence of acutein-
traventricular conduction disorder and Killip >1 were inde-
pendent predictors of intracoronary care unit mortality. The
presence of VT aso reached statistical significant level (p =
0.02), and thiscondition caused mortdity toincreasedmost 5-
fold (OR=4.64).

TaBLEVI Logisticregressonfor themortality rate (n=154)

Corréationfactor Oddsretio pVaue
Congtant -097 0.18
BBB 185 6.39 0.01
VT 153 464 0.02
Killip>1 172 5.59 0.04

Abbreviationsasin Table V.

Discussion

Sustained Ventricular TachycardiaasaMarker of
Inadequate M yocar dial Perfusion

Various studies have shown the associ ation of sinusbrady-
cardiaand accd erated idioventricular rhythm with the occur-
renceof myocardia reperfusion,8 ® aswell asthelack of speci-
ficity of the ventricular arrhythmias as reperfuson mark-
ers10-12 However, it is not completely clear whether VT isa
marker of inadequate myocardial perfusion after thromboly-
sis;13 therefore, a more aggressive attitude has been recom-
mended in these patients based on their high mortality rate.
This high mortdity rateis partidly dueto known data: these
patientshave ventricular function failure morefrequently, and
VT is a marker of extensive AMI as it has a higher CPK
peak.* However, the direct relationship between VT and pre-
viousischemiaisdtill unclear.

Thisreationship can beinferred fromindirect data

1. Patientswithahistory of AMI who aremoresusceptible
toVT usudly havethe AMI-related artery occluded!® 16

2. Patientswith ventricular arrhythmiashave Thromboly-
sisin Myocardia Infarction (TIMI) O flow more fre-
quently and TIMI 3 post thrombolysislessfrequently®

3. Percutaneoustranduminal coronary angioplasty onthe
AMI-related artery, even in the absence of active is-
chemia or viable myocardium, is an effective tool for
controlling VT episodesrefractory to other treatmentst’

4. Wolfeet al. dso found that percutaneousangioplagty is
not only effective asatreatment for VT, but also seems
to be effective in the prevention of recurrence of poly-
morphic VT, especialy when associated with persistent
angina”:17.19

Our data suggest the existence of adirect relationship be-
tween VT and ischemiapreviousto thisarrhythmia. The pre-
viousischemiaisan independent predictor for the occurrence
of VT. Therefore, thistachyarrhythmiamay be considered a
marker of inadequate myocardia perfusion (Figs. 1, 2). Fur-
thermore, thistypeof patient frequently showsheart diseasein
which morethan onevessd isinvolved.

Wolfeet al.” sated that sometimesV T occurring during the
acute phase of AMI isassociated with ischemiathat is poly-
morphic. We have not checked these data in our studying in
which monomorphic VT wasprevalent.

Possible M echanism of Ventricular Tachycardia

Itisknown that VT following the acute phase of AMI is
produced by areentry mechanism? 2 that isgenerated suben-
docardialy in most cases? although it may also be subepi-
cardical. However, during the first hours of AMI, when the
scar in the myocardial tissueisnot yet formed, VT could be
dueto other mechanisms.

Thus, Rodriguez and Cinca? described, in an experimental
model, the mechanisms that trigger ventricular arrhythmias
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Fic.1 Patient No. 20. (A) Digital tracing showing the beginning
of apolymorphic ventricular tachycardia(VT) (thick arrow) after 35
heart beats from the onset of silent ischemia (thin arrow). (B) En-
largement of the VT onset (arrow). Notice the existence of amono-
phasic potentia that indicatesthe severe degree of theischemia
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Fic.2 Patient No. 23. Ventricular tachycardia with right bundle-
branch block morphology in this patient with persistent angina
Noticethe ST-segment displacement inthe precordial lead.

following ischemia. It isknown that two periods of arrhyth-
miaappear during an episode of ischemia.* Thefirst period
startsalmost immediately after coronary occlusion and lasts
approximately 30 min (phasel), whilethe second period oc-
cursafew hourslater, lasting between 24 and 48 h (phasel1).
Subsequently, thefirst period isdivided into another two: 1a
and 1g.% It is also known that ischemia involves various
metabolic and ionic changes, such asacidosisand increasein
extracellular potassium,? that may produce disordersin the
electrophysiologic properties of the myocardiun?” 2 and are
thefinal cause of arrhythmias through several mechanisms,
depending on the phase of the coronary occlusion.

Thus, inphasel a, reentry seemsto play amgjor roleinthe
genesis of the arrhythmia, although focal mechanismsin the

Purkinje cells have aso been suggested.?® In phase I, the
mechanism of thearrhythmiasisunclear. Althoughintramural
reentry may be involved in their occurrence, the progressive
accumulation of catecholaminesthat occursinthisphase® has
led usto believethat such neurotransmitterscould inducefocal
mechanismssuch asan abnormd automatism.

Arrhythmiasin phase Il seemed to havetheir origininthe
abnormal automatism or intheactivity produced by postdepo-
larization of subendocardia Purkinjefibers.

Thislast phase occursfrom 6to 72 h after the coronary oc-
clusion.3! After thistime, arrhythmias gradually decreasein
frequency, but the action potential remains, which makesthe
occurrence of reentry arrhythmiaspossible 20

Prognosticand Ther apeutic Implications

Since VT isamarker of myocardia ischemia, the usual
severity of thecoronary lesionsin these patientsand the high
mortality rate would make it advisable to perform a more
aggressive revascul arization treatment.® 13 Moreover, other
usua procedures, such asearly use of betablockers!3 32 and
angiotensin-converting enzymeinhibitors®3 34 must be taken
into account. It has not asyet been proven whether other usu-
al procedures, such as early implantation of a defibrillator,
would be effective.3®

Study Limitations

A 12-lead ECG was not performed during al the episodes
of tachycardia, as some patients were cardioverted immedi-
ately. Theoreticaly, thismay haveled ustomistake VT for an
auricular origin tachycardia with an aberrant conduction.
However, it seems reasonable to assume that a broad QRS
tachycardiathat occursintheacute phaseof AMIisaVT. The
presence of supraventricular tachycardiaswith aberrant con-
duction during the acute phase of AMI that are hemodynami-
cally not well tolerated isquiteunusual. Onthe other hand, we
did not perform coronary angiography inal patients.

Another limitationisthat weanalyzed patientswhohad VT
between Days 3 and 4 post AMI and in whom ischemiamay
not have played amgjor rolein the genesis of the arrhythmia.
Neverthel ess, ashasbeen demonstrated experimentaly, Zitis
till possibleto suffer ventricular arrhythmiassecondary tois-
chemiaduring thisperiod.

Conclusions

Thelikelihood of the development of VT that complicates
AMI ishigher in patientswith previous AM I, CPK-MB pesk
> 300U/, acuteintraventricular conduction disorders, Killip
>|, andischemiapreviousto VT.

Patients who present with an episode of VT during the
acute phase of AMI haveahigh mortdlity rate, asthisarrhyth-
miaisan independent predictivefactor. Ventricular tachycar-
dia may be considered a marker of inadequate myocardia
perfusion after the performance of thrombolytic therapy.
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Therefore, amore aggressive revascularization trestment in
these patientswould be advisable.
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