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This study assesses the prognostic value of mental stress-
induced ischemic left ventricular wall motion abnormal-
ities and hemodynamic responses in patients with stable
coronary artery disease (CAD). Seventy-nine patients
(76 men and 3 women) with prior positive exercise test

vival analysis indicated that 20 of 45 patients with
mental stress ischemia (44%) experienced new cardiac
events more frequently than those without mental stress
ischemia (8 of 34; 23%; p = 0.048). Type of cardiac
event did not differ between mental stress-positive and

results were exposed to mental arithmetic and a simu-
lated public speech stress in 2 prior studies. Ischemic
wall motion abnormalities were monitored using echo-
cardiography or radionuclide ventriculography (RNV).
During mental stress testing, new or worsened ischemic
wall motion abnormalities to mental stress and exercise
were ascertained, as were peak changes in blood pres-
sure and heart rate to mental stress. The occurrence of
subsequent cardiac events (including cardiac death,
nonfatal myocardial infarction, or revascularization pro-
cedures) was ascertained. New cardiac events were
observed in 28 of 79 patients (35%) after a median
follow-up duration of 3.5 years (range 2.7 to 7.3). Sur-

stress-negative patients. After controlling for baseline
blood pressure and study group status (echocardiogra-
phy vs RNV), there was a significantly higher relative
risk of subsequent events for patients with high versus
low peak stress-induced diastolic blood pressure re-
sponses (RR = 2.4, confidence interval 1.1 10 5.2; p =
0.03). These results demonstrate that ischemic and he-
modynamic measures obtained from mental stress test-
ing may be useful in assessing prognosis in CAD patients
with prior positive exercise test results. ©1999 by Ex-
cerpta Medica, Inc.

(Am J Cardiol 1999;84:1292-1297)

vidence indicates that mental stress can induoestic significance. In a small saple of stable patients

myocardial ischemia in 30% to 60% of patientsvith CAD, Jain et & reported that, compared to
with coronary artery disease (CAB)4Mental stress- patients with normal responses to mental stress, those
induced ischemia occurs at lower heart rate thresholigh decreases in left ventricular ejection fraction to
than exercise ischemia, but at blood pressure elewgFress experienced a higher cardiac event rate at 2-year
tions comparable to exercise ischeriand is gener- follow-up. In a larger sample of stable patients fol-
ally observed among patients with exercise ischowed for 3 years, Jiang etabbserved that mental
emial4 Although the prognostic value of exerciseStress-induced ejection fraction decreases were asso-
induced left ventricular dysfunction for cardiac event§iated with elevated risk of new fatal and nonfatal
is well established;” only 2 recent studies suggesf“yocardlal infarction, coronary bypass, and/or angio-

that mental stress-induced ischemia may have pr asty. In addition to ischemic responses, there is also
me evidence that exaggerated blood pressure re-

sponses to mental stress may be a predictor of isch-
emia and/or subsequent clinical cardiac events in pa-
tients with CAD3.10.11 |n this regard, it has been
suggested that exaggerated hemodynamic responses to
stress may be implicated in the etiology or clinical
expression of CAD2 Thus, in the present study, we
assessed the prognostic value of mental stress-induced
blood pressure responses and left ventricular wall
motion abnormalities assessed either using echocardi-
ography or radionuclide ventriculography (RNV) for
future cardiac events in CAD patients with a prior
history of exercise-inducible ischemia.
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METHODS

Patient population: A follow-up study was con-
ducted of 96 patients who had participated in 2 prior
published studiés* that assessed mental stress-in-
duced ischemia in patients with CAD in a laboratory
setting. Fifty-seven patients were studied at the Uni-
versity of Maryland at Baltimore, Maryland, and at the

*The opinions and assertions expressed herein are those of the authors
and are not fo be construed as reflecting the views of the Uniformed
Services University of the Health Sciences, or the US Department of
Defense.
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Georgetown University and Veterans Administratiobackwards by 7 from a 4-digit number while being
Medical Centers in Washington, DC, and had lefirged to count faster and more accurately.
ventricular wall motion studies using 2-dimensional Left ventricular wall motion images were acquired
echocardiography (referred to as the Echo grdudg). at the end of each rest phase and during each stressor.
Another 39 patients were studied at Cedars-Sinalectrocardiogram and heart rate were monitored con-
Medical Center in Los Angeles using RNV (referredinuously while blood pressure was recorded by an
to as the RNV group). Of 96 patients, 7 were lost tautomatic cuff every 2 minutes. Peak blood pressure
follow-up and 3 others died of unknown causes. Sevéasponse to either of the mental stress tasks was quan-
patients who underwent a revascularization proceduitied. _ _
within 1 month of the initial study were excluded from Exercise testing: Exercise testing followed the men-
the present prognostic analyses because referral f@k stress tasks. After preexercise baseline images,
coronary artery bypass surgery or coronary angiatients exercised on an upright bicycle. Exercise
plasty may have resulted in part from the stress testi¢prkload was increased by 150 to 200 kpm every 3
information obtained in this study. The remaining 791nutes until the test was stopped because of fatigue,
(3 women and 76 men; mean age 580 years; range Marked chest pain, or severe electrocardiographic ab-
37 to 78) were followed for a median duration of 3.510rmality. Blood pressure was measured manually
years (range 2.7 to 7.3). All 79 patients had CAD &Very 3 minutes, and the electrocardiogram continu-
confirmed by previous myocardial infarction or coro9Usly monitored for ST-segment depression and heart
nary angiography or a90% probability of coronary 'at€. Echo group patients underwent echocardio-
disease determined by Bayesian analysis of age, g@f@Phic imaging during and immediately after exer-
der, risk factors, and history or positive exercise tést.C1S€; RNV group patients were assessed for wall mo-
One of the 79 patients had uninterpretable exercili@n during the last 2 minutes of each exercise stage,
test results, and was therefore excluded from exercidgd immediately after exercise. Ischemic ST-segment
test analyses. This study was approved by the releva§Pression was defined as horizontal or downsloping
institutional review boards, and informed consent w&iEPression of 1 mm (1.5-mm upsloping depression),
obtained from all patients. elow baseline, at 0.08 _second after Phe J point.

Test protocol: Before testingg blockers were with- . Assessment of left ventricular wall motion: echocar-
held for 48 hours, calcium antagonists for 24 hour§iography lecho group): During 2-dimensional echo-

and long-acting nitrates were withheld on the momin@rdiography (echo group), 16 segments were scored

: : experienced observers blind to the patient’s clinical
of testing. As reported previoushipr the Echo group ta |oEach segment was rated on a 4?point scate: 1
patients, regional wall motion was assessed using re g’rrﬁal motion or hvoerkinesia. 2= hvpokinesia
time 2-dimensional echocardiography, with studie > 5_m inward excuyrgion)' . ékinesigpand .
performed with a phased-array ultrasonograph (Hewl skinesia. Dividing the sum of the scores by the
Packa(\jr_d _:_)r ?jonf?sl_, Andover, II\DAatssachllfsetts). Imal ber of segments yielded an average wall motion
were igitized OT-in€ using a Datavue 1l Image analg e - |ntraobserver reliability of wall motion scores
ysis system (Microsonics, Indianapolis, Indiafd).

; L - '/ in our laboratory is good (coefficient of correlation
RNV group patients were injected with technetiumy g4y ith an yinterg?readér measurement error of

99m in vitro—labeled blood cells. When imaging Wag 1464.15.16 A change in wall motion score 6£0.15

performed with mental stress testing, the patients WEEe iherefore considered significant. Ejection fraction
positioned in a semierect position. R-wave synchrepanges to mental stress and exercise were not calcu-
nized, multiple-gated RNV was performed with thesieq for echo group patients in the present sample,
gamma camera positioned in the left anterior obliqug,y analyses are therefore not presented for this vari-
angle. Left ventricular wall motion was determined afpe.
each rest and intervention. _ Radionuclide ventriculography (RNV group): Wall
Busellne period: Testing sessions began with a reshotion was assessed in RNV group patients by expe-
period of at least 15 minutes, during which patieni§enced observers blind to clinical data, as described
period, baseline wall motion and hemodynamics welgntricular segments using the following classification
obtained. Electrocardiogram, heart rate, and blo@g§stem: 3= normal motion, 2= mild hypokinesia,
pressure were recorded every 2 minutes during the 1aSt= moderate to severe hypokinesia, =0 akinesia,
10 minutes. _ and —1 = dyskinesia? Wall motion was considered
Mental stress testing: Patients performed two worsened when the score decreased by at least 1 from
5-minute mental stress tasks, public speaking amdth baseline and the immediately preceding score.
mental arithmetic, separated by a rest period. RNV Quantification of high versus low hemodynamic re-
group patients also performed the Stroop color-woiponding: Because peak hemodynamic values were
task and read a neutral passage aloud; these datacfurantified previously for the RNV group, maximal
not included here to allow comparisons of Echo angeak) changes in blood pressure and heart rate during
RNV group data in the current analyses. For the publmental stress are reported for the mental stressors. For
speaking task, patients delivered a 5-minute speecbimputing peak changes, the highest response ob-
about their undesirable habits to examiners. Durirtgined during either of the 2 stressors was used. To
mental arithmetic, the patient was instructed to couassure that a high stress-responding group was iden-
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vs 56%, respectively) among echo and RNV group

—MS negative patients. In the combined samples, ischemia was more
o 08 « MS positive often provoked by speech (& 39; 49%) than by
T o0s mental arithmetic (n= 28, 35%; p<<0.05).
i Patients with mental stress-inducible ischemia did
<{Z> 07 not differ significantly from patients without mental
E stress ischemia in demographics or cardiovascular risk
z 08 factors, including age, family history of CAD, serum
3 s cholesterol levels, and history of smoking or hyper-
tension.
04 e 15 2 25 o a8 4 5 s Frequency and prediction of new cardiac events:
Time in Years Twenty-eight cardiac events occurred during follow-
up. These included 5 cardiac deaths, 9 myocardial
FIGURE 1. Occurrence of new cardiac events over time during infarctions, 9 coronary artery bypass surgeries, and 5
4.4-year follow-up period (median duration 3.5 years) as a func-  angioplasties. Kaplan-Meier survival analysis (Figure
tion of whether patients evidenced mental stress-induced isch- 1) indicated that patients with mental stress ischemia

emia (MS positive) or no mental stress ischemia (MS negative) at
initial testing. Differences between MS-positive and MS-negative
patients over time was p = 0.048.

experienced new cardiac events more frequently than
those without mental stress ischemia, a trend main-
tained throughout follow-up (g 0.048). New cardiac
events occurred during follow-up in 20 patients with
. ) i ) 44%) and in 8 without (23.5%) mental stress isch-
tified, high hemodynamic stress responding was dgmia (odd ratio [OR] 2.60, 95% confidence interval
fined as the upper third of peak diastolic blood Presci] 0.97 to 6.97; p= 0.057). Figure 2 presents the
sure, systolic blood pressure, or heart rate changeg@akdown of cardiac events according to mental
either mental stress task. Low responders were definggess positive or negative status. The type of event
as the lower two thirds in responding. was similarly distributed among the 2 groups.

. Follow-up: Patients, or in the case of deceased sub- of patients who were positive for exercise-induced
jects, a member of their immediate family, were inchemia, 23 of 61 (37.7%) experienced new cardiac
terviewed by telephone about new cardiac evenisyents compared with exercise-negative patients, of

defined as new coronary angioplasty, coronary artep,om 5 of 17 (29.4%) had new events (OR 1.45, Cl
bypass surgery, nonfatal myocardial infarction, or cay 45 to 4.66; p= NS).

diac death. Death was classified as either cardiac or Hemodynamic mental stress responses and predic-

noncardiac in origin, and clinical status was confirmegh, of new events: A comparison between the echo
by the patient’s treating physician in 54 of 79 casegnd RNV groups on mean hemodynamic changes
The median follow-up duration was 3.5 years (rang@vealed significant group differences in systolic
2.7 10 7.3). _ , . blood pressure responses during mental stress, with
Statistical analyses: Continuous variables are dis-peak systolic blood pressure increasing higher in the
played as mean- SD andt tests or analysis of gcho versus RNV group (48 20 vs 36+ 15 mm Hg;
variance were used when appropriate. Chi-square tests- 0.005), perhaps due to center differences in pa-
were used to evaluate frequencies or dichotomoygnts stress test administration or patient demograph-

data. Hemodynamic changes from rest to peak menj@d Also, the peak heart rate response was higher in
stress were analyzed using repeated-measures analyiSecho group (36= 22 vs 18 = 13 beats/min).

of variance. Relative risks were calculated using oddserefore, risk ratios for new events associated with
ratios, and multivariate analyses were conducted USIRBmodynamic responses were adjusted for group sta-
Cox regression. The occurrence of events during t

course of follow-up was examined using the Kaplan- kapjan-Meier survival analysis (Figure 3) revealed
Meier curve and tested with the Breslow stati$fi€® hat patients in the highest third of diastolic blood
All data were censored at a maximum of 4.4 yeaisessure responses experienced new cardiac events
(20% of subjects were still available at that time). Thgooner and at a higher rate than the remaining patients
p values<0.05 (2-tailed) were used as a cutoff fofyng had smaller diastolic blood pressure stress re-
statistical significance unless otherwise indicated. sponses (p= 0.053). After controlling for baseline
diastolic blood pressure and group status, there was a
RESULTS significantly higher relative risk for high versus low
Mental stress-induced and exercise-induced isch- stress-induced peak diastolic blood pressure responses
emia: frequency and patient characteristics: New or (RR = 2.40, Cl 1.10 to 5.20; p= 0.03). New events
worsened left ventricular wall motion abnormalitie®ccurred in 50% (12 of 24) of the high diastolic blood
indicative of ischemia occurred in 61 patients (77%pressure responders, compared with 28% (14 of 50) of
during exercise. Mental stress-induced ischemia ot remaining patients (g 0.03; Figure 4). Similar
curred in 45 patients (57%), of whom nearly all€n analyses of heart rate and systolic blood pressure
43) were exercise positive. There was an equivalecthianges to stress did not reveal significant associa-
frequency of exercise-inducible ischemia (79% wvgons with cardiac events.
75%, respectively) and mental stress ischemia (57% To assess whether the predictive contribution of
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FIGURE 2. Number and type (cross-hatching) of new cardiac events occurring during median follow-up of 3.5 years as a function of
presence (Positive) versus absence (Negative) of mental stress-induced ischemic wall motion abnormadlities at initial testing. Patients
with mental stress ischemia were more likely to experience cardiac events during follow-up (44% vs 24%; p <0.06). CABG = coro-
nary artery bypass graft surgery; Ml = myocardial infarction; PTCA = percutaneous transluminal coronary angioplasty.

ischemia and blood pressure responses were roughly
1 — LowDBP response comparable in predicting cardiac outcomes.
= 0.9 -&-High DBP response
2 DISCUSSION
§ 08 This study demonstrates that mental stress-induc-
% o7 ible ischemia, measured in terms of the presence of
E new wall motion abnormalities during echocardiogra-
g phy or RNV, is associated with a more than twofold
O o5 risk of subsequent cardiac events when compared to
L patients without mental stress ischemia. This result
04 T 1s 2 25 3 as 4 as s | agrees with the results of similar studi€geporting
Time in Years associations between ejection fraction measures of
ischemia with mental stress and subsequent cardiac
FIGURE 3. Occurrence of new cardiac events over time during outcomes. In addition, we noted that a high level of

4.4-year follow-up period (median duration 3.5 years) as a func-  diastolic blood pressure responses to stress was also
tion of whether patients demonstrated high (upper third) versus  npredictive of subsequent events in this group. Collec-
s e ool s, Dt Vel these data suggest that measures defived from
ences between high and lower DBP responders over time was mental stress testing, including ischemic responses
p = 0.053. and peak diastolic blood pressures responses, may be
useful in assessing prognosis in CAD patients with
prior history of positive exercise tests.
diastolic blood pressure responsiveness was indepen-Similar to 2 prior studie§® we observed few, if
dent of the presence of mental stress ischemia aady, demographic, clinical, or risk factor variables
baseline diastolic blood pressure, a multivariate Cadlifferentiated between patients with and without car-
regression model was conducted. This analysis fidiac events, or between mental stress-positive and
entered group status (echo or RNV) and baselistress-negative groups. Thus, it is unlikely that the
diastolic pressure into the model. Baseline diastolmredictive value of mental stress testing for cardiac
blood pressure did not contribute to new events=(p events is attributable to standard risk factors, although
0.62). Ischemia during mental stress ischemia amee cannot rule out the possibility that revasculariza-
peak diastolic blood pressure responses both madéam procedures may have been prompted by the re-
modest contribution (both p= 0.10), with relative sults of mental stress testing. One of the mechanisms
risks of 2.13 (Cl 0.87 to 5.22) and 1.95 (CI 0.88 tainderlying the predictive value of mental stress testing
4.36), respectively. Thus, it appears that mental straasthis and prior studies may include a greater isch-
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FIGURE 4. Number and type (cross-hatching) of new cardiac events occurring during median 3.5-year follow-up period as a function
of high versus lower peak diastolic blood pressure (DBP) responses during initial mental stress testing. Patients with high peak DBP
responses were more likely to experience cardiac events during follow-up than the remaining patients with low peak DBP responses
(50% vs 28%; p <0.03). Abbreviations as in Figure 2.

emic burden during activities of daily life, which maysult in the left ventricular wall motion abnormalities
be predictive of poorer prognosis in stable CAD pasbserved during mental stress ischemia, thus lending
tients20.21 Previous research has indicated that paupport to a role for a mechanism involving reduced
tients with mental stress ischemia in the laboratoupply. In this regard, a role for increased systemic
exhibit more daily life ischemia during ambulatoryascular resistance in mental stress-induced ischemia
monitoring34.22 particularly during sedentary daily has been note#2”
activities# One reason is that mental stress-positive
patients may also have ischemia that is provokable
during a wider range of daily activities. For exampley. rozanski A, Bairey CN, Krantz DS, Friedman J, Resser KJ, Morell M,
Gottdiener et &l showed that patients with inducib|eHittonTChalffe[1| S, HestrindIT,IBieLendprf J, Berman DhS Mental stress ;nd the
ischemia to a wider range of mental stressors had,{,‘%’ﬁgf’g‘ e e Iochemia I patients with coronary artery disease.
lower threshold for exercise-induced ischemia. kaufmann PG, McMahon RP, Becker LC, Bertolet B, Bonsall R, Chairman B,
Rozanski et &l demonstrated a negative correlatioﬁoh;f; JCDJ ';06:2*;;:3% foggﬁggP/LDTFafyelg?'andKr'fén'éfggfgLN\gﬁeﬁ;agé DTSh'e
between the threshold fOI’- exercise-induced IS.Che e%chophyysiologicalInveystigations o'f Myocardi;al Ischemia (PIMI) study: ijec—
and the extent and severity of mental stress-induced, methods, and variability of measur@sychosom Med998;60:56—63.
ischemia; hOWGVGf, this has not been a consistenilumenthal JA, Jiang W, Waugh RA, Frid DJ,Morriqu,CoIenjan RE, Hanson
finding 23 le Baltayak M& Thyl;ulr’nt ET,‘KrsntZl Dg. Menc;al‘lstlr_tfess;\nduc‘ecti' |sche31|ha in tge

" . ) aboratory and ampulatory ischemia auring daily lire. Association an emoay-

A second mechanism by which mental stress testmic featuresCirculation 1995;92:2102-2108. _
ing is predictive of events may be related to heighfs Sotdiener JS, Kraniz DS, Howell RH, Hecht G, Klein J, Falconer ),
ened hemodynamic responsiveness among patie@ zanski A. Induction of silent myocardial ischemia with mental stress testing:

: ' ! g - reledion to the triggers of ischemia during daily life activities and to ischemic
with mental stress-induced ischemia. Previous studiiestional severityJ Am Coll Cardiol1994;24:1645-1651.

/einer DA, McCabe CH, Ryan TJ. Prognostic assessment of patients with
h.ave also shown thlat enhar.lcedl b|000|| pr%ssur_e rﬁspgz))ﬁ)vnary artery disease by exercise testiwgn Heart J1983;105:749—755.
sweness _tO menta stress Is also related to |SC_ €Il estad MH, Halliday WK. Stress testing in the prognosis and management of
during daily life3 The present data are also conswtentgemiq gei;t dtisfaséﬂcgigogy1977;28:149—1f59. o

H H H H everl 5, Michelassi C. rognostlc |mpact of stress testlng In coronary artery
with the hypOtheSIS that. increased hem.OdynamIC seaseCirculation 1991;83:111-82—111-88.
sponsiveness to stress is a marker of risk for subsesain b, Burg M, Soufer R, Zaret BL. Prognostic implications of mental
quent cardiac events in patients with CAD. stretss-_iniucidcsilzr_wtlIle;tg\slinérigclulzrsdysfunction in patients with stable angina
H H H ectoris.Am araiol ;10:31-30.

One of _the underlymg m(.ach_anlsms. by which me’:rg_ Jiang W, Babyak M, Krantz DS, Waugh RA, Coleman RE, Hanson MM, Frid
tal stress induces myocardial ischemia in susceptibfg mcnuity s, Morris JT, O'Connor DM, Blumenthal JA. Mental stress—
patient$-24 is coronary vasoconstricticit:2 It has i]ngulfﬂed mykocsaédiglischengagnd Cdafglia; egeeﬂ:ﬂv'/%lfﬁf:g&lﬁfil—dlﬁfie- |
been proposédhat it is the vasoconstrictive effects of - - o o ot ooon S HIEmaan b, Heandust B o e

- > reactivity to mental stress have prognostic value in postinfarction patients? A
catecholamines released during mental stress that gigt study. Psychosom Med992;54:102—108.
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