Clin. Cardiol. 25, 474-478 (2002)

Triggering Effect of Physical and Mental Stresson Spontaneous Ventricular
Tachyarrhythmiasin Patientswith Implantable Cardioverter-Defibrillators

RoLAND FRIES, M.D., JOCHEM KONIG, PH.D.,* HANS-JOACHIM SCHAFERS, M.D.,T MICHAEL BOHM, M.D.

Medicd Clinic, Interna Medicinelll, Cardiology/Angiology; * Ingtitutefor Medica Biometry, Epidemiology and Information;
‘tDepartment of Thoracic and Heart-Vessd Surgery; University Clinicsof the Saarland, Homburg/Saar, Germany

Summary

Background: Physical and mental stress aswell as sexua
activity are potentia triggering factors of acute coronary
eventsand sudden cardiac degth.

Hypothesis: These factors may aso trigger recurrence of
spontaneousventricular tachyarrhythmiasin patientswithim-
plantable cardioverter-defibrillators (ICDs).

Methods: We performed a case-crossover study in 43 con-
secutive patients with 95 symptomatic, 1CD-documented
tachyarrhythmic eventsand cd culated therelativerisk of tach-
yarrhythmia recurrence during physical and mental stress.
Physical and mentd activity was graded on a4-step intensity
scale, and stress was defined as physical exertion or menta
sresswithanintensity grade= 1 during or upto 1 h beforear-
rhythmiarecurrence. Relativerisk wasdetermined taking into
account the habitua weekly stressfrequency of each patient.

Reaults; Physical stresswas present in 26% (n= 25), mental
stressin 24% (n=23), and sexual activity in2% (n=2) of ana-
lyzed events. Theweekly habitual stressfrequency was8+ 8
(median 7) for physical stress, 6 + 6 (median 4) for mental
stress, and 0.5 £+ 0.5 (median 0.25) for sexual activity. Thus,
relative risk of arrhythmia recurrence during the presence of
stresswas 7.5 for physical activity (95% confidence interval
[Cl] 5.2-11.1), 9.5 (CI 6.3-14.5) for menta activity, and 7.5
(Cl 2.3-24.8) for sexudl activity.

Conclusions: Physical and mental stress aswell as sexud
activity are factors that significantly increase relative risk of
spontaneousrecurrence of sustained ventricular tachyarrhyth-
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miasin patientswith ICDs. Consideration of thisstress-related
relative risk increase may contribute to avoidance of harmful
shock ddlivery in1CD recipients.

Key words: ventricular arrhythmia, trigger, implantable de-
fibrillator, case-crossover

Introduction

Physica and mental stresshave beenidentified aspotential
triggering factorsof acutemyocardia infarction’ and sudden
cardiac death.” 13 Assudden cardiac deathismostly caused by
ventricular tachyarrhythmias 1 stress can be expected to in-
creasetherelativerisk of tachyarrhythmic episodesaswell in
patients with implantable cardioverter-defibrillators (ICDs).
Recipientsof ICDswho have mood disturbancesseemto have
more frequent tachyarrhythmias during long-term follow-
up,> and preliminary data suggest that physical and mental
stress actually may trigger tachyarrhythmias in these pa-
tients;16 however, datato support thisnotion arelacking.

Thus, theaim of the present study wasto eval uatethe poten-
tial stress-induced increase of shock ddliveries for sustained
ventricular tachyarrhythmiasin patientswith ICDs.

Patientsand M ethods
Patients

We studied 43 consecutive patients (mean age 58 + 13
years, 35 men [81%]) with |CDs presenting after appropriate
shock delivery in our outpatient department. Coronary artery
diseasewaspresent in 33 patients (77%) and idiopathic dilated
cardiomyopathy in 6 patients (14%). In most patients, mean
left ventricular gection fraction was significantly depressed
(mean value 36 + 15%); 28 patients (65%) werein New York
Heart Association (NYHA) class| or 11 and 15 patients (35%)
in NYHA class1l. The indications for device implantation
were recurrent ventricular tachycardiasin 13 patients (30%),
ventricular fibrillation in 10 patients (23%), and both arrhyth-
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miasin 17 patients (34%). Twenty patients (47%) werereceiv-
ing amiodarone and 25 patients (58%) were receiving beta
blockersduring shock delivery. No other antiarrhythmic drugs
wereused.

Devices

All devices used in this study were late-generation im-
plantable cardioverter-defibrillators (Ventak PRx 11, Mini
and AV, Cardiac Pacemaker, Inc. [CPl], St. Paul, Minn.,
USA) providing endocardia el ectrogram storage of arrhyth-
mic episodes.

Methods

Relative risk of stress-associated tachyarrhythmia recur-
rence was determined using a case-crossover method.1” In
such a study, patients serve as their own cases and contrals.
Relativeriskiscal culated by comparing the presence of poten-
tia triggering factors around the index event with the habitual
exposureto the analyzed factors during daily lifein apatient
population. In previous studies using this relatively new but
well accepted method, a 1-2 h induction interval has been
found inwhich stressmay increasethe risk for cardiovascular
events.1-3.6.18 Thus, we analyzed the presence of physica and
mental stressduring or up to aprospectively defined risk peri-
od of 1 h before appropriate shock delivery.

As our patients suffered from heart failure of different
degrees, the extent of physicd activity wasnot classified fol-
lowing the estimated consumption of metabolic equivaents
(MET) defined asthe energy expended per min by aresting
subject. Teking into account individual cardiovascular perfor-
mance, acertain physical activity may beeasy for oneperson
but highly strenuousfor another. Classifying certain activities
as strenuous and others as nonstrenuous following the con-
sumption of METswould result in underestimation of physi-
cal gtressin patientswith highly depressed ventricular function
(35% of our patientswereinNYHA classlll).

Therefore physical stresswasdefined and graduated asfol-
lows:

0=nophysica activity

| = physica activity not perceived strenuous

11 =physica activity perceived strenuousbut not
accompanied by sweating and/or dyspnea

111 = sweeting and/or dyspneacaused by physicd activity.

Mental stresswas defined asthe presence of negative emo-
tions(tension/nervousness, depression, or anger) and graduat-
ed ona4-pointintensity scae;

0=none, | =light, Il = moderate, |11 = heavy.

In cases of physical activity or negative emotions, > grade
I, " stress’” was considered to be present.

Assaexud activity usually requiresboth physical and mental
activity and seemsto be associated with an increased risk of
cardiac death,3 19 20 we d so analyzed the frequency of appro-
priate shock delivery during or upto 1 h after sexual activity.

Statigtical Analysis

Thepatients' usua frequency of physical and mental stress
>gradell aswell astheindividua frequency of sexud activity
over the past year (estimated following the reported weekly
frequencies) were compared with the actual presence of these
hypothetical triggersduring or upto 1 h before shock delivery.
Assuming ahypothetica time period of 1 h of relativeriskin-
crease after exposureto stress, ahabitual stressfregquency of,
for example, seventimesweekly would resultin 7 h of expo-
sureto stressand in 161 unexposed hours per week. For each
patient we cal cul ated the observed odds of occurrenceof asus-
pected trigger within 1 h before arrhythmiaand the expected
oddsthat thetrigger would have occurred, giventheusua trig-
ger frequency during daily life. The relative risk of shock-
treated arrhythmiaassociated with asuspected trigger wascal-
culated with use of the Mantel-Haenszel procedure.l’

Results

Thedtuationa context of 95 of 97 tachyarrhythmiasas(2+
2 per patient, median 2) with episodetermination by shock de-
livery could be clarified in structured interviews. In 55% of
these episodes (n = 52) patientswere active, and in 45% (n=
43) patients were at rest. Physical stress was present in 25
episodes (26%) and mental stressin 23 episodes (24%). Insix
episodesboth potentia triggerswere affirmed.

The reported weekly stress frequency in the study group
was 8 = 8 (median 7) for physical and 6 + 6 (median 4) for
mental activities.

Accordingtothishabitua stressfrequency and thefrequen-
cy of stressduring or before shock dlivery, rdlativerisk of ar-
rhythmia recurrence associated with physical stresswas 7.6
(95% confidenceinterval [Cl] 5.2-11.1) and was 9.5 (95% Cl
6.3-14.5) for exposureto mentd stress.

In two patients, shock therapy was délivered during or
immediately after sexua activity. Of the 43 patients, 32 (74%)
reported to be sexualy active. Thefrequency of sexua activi-
ty was reported to be less than once per week by 17 patients
(53%), approximately once per week by 12 patients(38%) and
more than once per week by 3 patients (9%). Considering
these statements, the cal culated relativerisk of arrhythmiare-
currence associated with sexud activity in the study patients
was7.5(Cl 2.3-24.8).

Taking into account the possibility of impreciseretrospec-
tive patient statementsconcerning thetimeinterva (maximum
1h) between theexposureto stressand shock delivery, weaso
calculated therelative risk for ahypothetical trigger presence
upto 2 hbeforedevicetherapy. For example, if the presence of
sressisremembered within atimeinterva of 1 h beforeshock
delivery but actualy hasbeen present within2 h prior, the esti-
mated time for habitual exposure to stress hasto be doubled
for calculation of relaiverisk. Inthiscase, the method works
lesssengtively, but eventhentheanalyzed triggerswerefound
to increase the relative risk of arrhythmia recurrence signifi-
cantly (Tablel).
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TaBLE |  Reativerisk according to thereported timeinterval of exposureto stressand shock-treated tachyarrhythmias

Exposureto stressbefore shock ddlivery RRfor physica stress RRfor mental stress RR for sexua activity
1Hour 75 (Cl 52-11.1) 95 (Cl 6.3-14.5) 75 (Cl 2.3-24.8)
2Hours 36 (Cl 24-54) 45 (Cl 29-7.2) 3.7 (Cl 1.0-137)

Abbreviations; RR = rdativerisk, Cl = confidenceinterval.

Comparison of the relative risk of stress-associated tach-
yarrhythmia recurrence in patients who do or do not receive
amiodaroneor betablockersrevealed alower rdlativerisk for
patients on antiarrhythmics, suggesting a protective effect of
amiodarone and beta blockers (Table ). Relative risk of ar-
rhythmiarecurrence associated with physica stresswasmore
than twiceashighin patientswithout antiarrhythmics. Thedif-
ferencein relativerisk for tachyarrhythmiarecurrencein pa-
tientswith and without antiarrhythmicswasless pronounced
for exposureto mental stress. Because of the small number of
gender-associated arrhythmic events, this subgroup analysis
could not be performed for sexud activity.

Discussion

Thepresent study isthefirst that providesdetailed results of
acase-crossover anadysisin patientswith ICDs. Relativerisk
of ventricular tachyarrhythmiarecurrencewasfound to be be-
tween 3.6 and 9.5 for theanalyzed triggering factors.

RdativeRisk of Cardiovascular Eventsin Previous
Case-Crossover Studies

Theextent of relativerisk increasein thisstudy iscompara-
ble with the results of other case-crossover studies dealing
with the potentia influence of physical and mentd stresson
the frequency of cardiovascular events.1-3:6.18 Mittleman et
al 2 reported arelativerisk of 5.9 for those engaged in strenu-
ousphysical activity within 1 h before myocardia infarction,
and Willich et al 6 found ardativerisk of 2.1inacomparable
study. Muller et al .3 reported arelativerisk of 2.5for triggering
myocardia infarction by sexud activity, and Mittleman et al.1
found episodesof anger to be capabl e of triggering the onset of
acute myocardial infarction with arelative risk of 2.3. Ina

study by Gullette et al.,18 mental stresswasshowntoincrease
therisk of myocardial ischemiain the subsequent hour (rela-
tiverisk 2.6-3.0), and Moller et al .2 reported ardativerisk of
9.0for triggering acute myocardia infarction within 1 h after
the outburst of anger. By contragt, in a preliminary study of
Lampeet al., ' ardativerisk of 119 (Cl 70-203) wasreported
for appropriate shock episodesin patientswith | CDs foll ow-
ing heavy physical exertion. Thisseemsparticularly high, but
cannot be discussed further as detailed information on results
and methodology arenot available.

Mental Stressand Tachyarrhythmias

The physiologic link between mentd stress and sponta
neousventricular tachyarrhythmiasremainsunexplained. Cor-
onary ischemia may be one factor facilitating development
of tachyarrhythmiasthat are clearly associated with myocar-
dia infarction. Numerous studies have demonstrated potential
triggering of myocardial ischemia by mental stress 227 and
susceptibility to transient myocardial ischemiain our patients
can be expected to be high, as most of them had coronary
artery disease. The hypothesis of partly ischemia-associated
arrhythmic events seemsto be supported by studiesreporting
mental stress-induced platelet activation and plasmacoagula-
tion28-30which may provedisadvantageousto coronary blood
flow. Ontheother hand, Lampert et al.31 monitored | CD recip-
ientselectrographicaly and measured | eft ventricular gjection
fraction noninvasively in an experimental stress setting (men-
tal arithmetic and anger recal), but did not find signs of is-
chemiain 9 of 10 patients (8 of thesehad coronary artery dis-
ease). In thisstudy, ventricular tachyarrhythmias were faster
and moredifficult to terminate, but could not beinduced more
easily during mental stress. Thisisno real contradictionto our
results, asthe setting of anoninvasivedectrophysiol ogic study
during experimental stressinasmall number of patientsdoes

TaBLE Il Reativeriskin patientswith and without antiarrhythmics (amiodarone or betablockers)

Exposureto stressbefore shock delivery RRfor physicd stress RR for mental stress
30 Pdatientson antiarrhythmics (65 events)

1Hour 56 (Cl 3.1-10.3) 9.8 (Cl 5.3-18.2)

2Hours 2.7 (Cl 1.5-4.8) 46 (Cl 25-86)
13 Patientswithout antiarrhythmics (30 events)

1Hour 14.9 (Cl 6.6-33.6) 11.6 (Cl 4.5-29.6)

2Hours

7.2 (Cl 3.2-16.1)

5.7 (Cl 2.2-14.5)

Abbreviationsasin Tablel.
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not seemto be comparablewith amentd stresscase-crossover
andydisineveryday life. Furthermore, the definition of mental
gressinthisstudy wasdifferent and the degree of mental stress
actually induced remained undefined.

Another mental stress-associated arrhythmogenic factor
may be sympatho-adrenergic activation, which hasbeen dem-
onstrated in the laboratory setting by measuring increase of
norepinephrinelevelsduring menta stress.31:32

Physical Stress, Sexual Activity, and Tachyarrhythmias

Thesamemechanismsdiscussed aspotentid linksbetween
mental stress and tachyarrhythmias (transient myocardia is-
chemiaand sympatho-adrenergic activation) may beasoin-
volved intachyarrhythmiarecurrence associated with physical
and sexual activity. Both activitiesnaturally activatethe sym-
patho-adrenergic system, and physicd activity (usudly part of
sexual activity) is the most frequent reason for coronary is-
chemiaineveryday life. Furthermore, it can be specul ated that
physicd stress-related increasesin myocardia wall stressin
patientswith heart failure might facilitate triggering of ventric-
ular tachyarrhythmias.

Subgroup anaysisof patientson antiarrhythmicssuggestsa
protective effect of amiodarone and beta blockers. Taking
these drugs may allow patientsto continue exposureto stress
indaily lifeinstead of practicing avoidance behaviors.

Limitationsand M ethodological Remarks

Theretrospective character of thisstudy and theinclusion
of arelatively smal number of patientsarelimitations of the
study. However, the methodol ogy of case-crossover studiesis
generally accepted and supposed to providerdiable datade-
spitetheimprecision that isnaturally involved when patients
areinterviewed.1-3.6.18 |t must be emphasized that in acase-
crossover study all patients serve astheir own controls, giv-
ing the same statistical weight independent of the number of
events counted to each patient. This ensures that results are
not biased by differencesin arrhythmogenicrisk factorsinthe
study and the control group, or by adifferent interpretation of
the4-point stress scale. Asthe habitua stressfrequency and
thearrhythmia-associated presence of stressweredetermined
inthesameinterview, it seemsprobablethat patientsreported
redigtically the habitual frequency of exposuresto compara-
blestresslevelsduring daily life. The question of theextent to
whichrelativerisk may beinfluenced by the combined occur-
rence of potential triggering factors (in thisstudy 6 of 95 cas-
es[6 %]) cannot be answered as we could not ascertain the
habitual frequency of these combined trigger occurrences;
this seems not to be determinabl e retrospectively inaninter-
view with sufficient reliability.

Conclusions

In the present study, physical and mental stressaswell as
sexual activity areidentified as potential triggering factors of

ventricular tachyarrhythmiarecurrencein patientswith 1CDs.
Therdativerisk of shock delivery during exposureto stressis
afunction of theabsoluterisk of arrhythmiarecurrence, which
may widely vary intra- and interindividualy. Inclinical prac-
tice, intensified antiarrhythmic drug therapy isthetreatment of
choicein patientswith frequent shock episodes. Thismay be
effective according to the results of this study. However, in
some patientswith apersistent high absolute arrhythmiarisk,
avoidance of strenuous physica activity may behdpful inre-
ducing the number of painful shock ddliveries. Insdected cas-
es, for example, in patientswith |CDswith frequent recurrent
shocksand who are evidently under heavy mental stress, even
an accompanying psychol ogic treatment may behelpful.
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