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Summary

Background: Analysisof thechronology of acutecardiovas-
cular eventsmay provideimportant pathophysiologicinforma:
tion. Thereisacircadian pattern in the onset of acute myocar-
did infarction (AMI) withamid-morning pesk, ascribed tothe
catecholamine surge that accompani esawakening and assum-
ing the upright posture. However, in up to 27% of patientsthe
onset of AMI occursduring dleep (without apparent precipitat-
ing factors). Thereasonsfor thisfinding are unknown.

Hypothesis: Theaim of the study wasto determinewhy the
onset of symptomsof AMI occursduring sleepin someindi-
vidualsrather than being preci pitated by knowntrigger factors
suchasphysical exertion.

Methods: Using the database from alarge multicenter clin-
ical tria, patients were grouped according to whether or not
they were awakened from deep by the symptomsof AMI.

Results: Inal, 870 of 3,309 patients (26%) were awakened
by AMI. In general, these patientswere ol der and sicker, with
poorer |eft ventricular function, lower quality of lifeindices,
morefrequent heart failure, lower gjectionfractions, higher in-
cidence of angina, and a greater frequency of atria arrhyth-
mias. Onmultivariate analysis, only low gjection fraction and
older age were independently associated with awakening by
the symptomsof AMI.

Conclusions. Patients who are older and sicker are more
likely to be awakened from deep by the onset of symptoms of
AMI. Although the reasons are unknown, we specul ate that
theseindividua sarelessactiveand thereforelessvulnerableto
established trigger factorssuch asvigorous physical exertion.
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Introduction

Analysis of thetiming of acute cardiovascular events has
the potential for providing important cluesto their pathophys-
iology. Numerous studies have demonstrated acircadian pat-
tern in the onset of acute myocardial infarction (AMI) witha
pesk in mid to late morning and/or late afternoon and early
evening.1 The morning peak hasbeen ascribed to the effects
of the surge in catecholamines that accompanies awakening
and assuming the upright posture.> 6 The pathogenesis of the
afternoon—evening peak isless clear. These peaks have been
shown actudly toincreasein prominencewhentheonsetisad-
justed for thetime of awakening.”-8 Other known trigger fac-
torsof myocardid infarctioninclude heavy physica exertion,
sexud activity, and emotional stress.*13 In contrast, 10-27%
of patients have the onset of symptoms of AMI during deep
(with no apparent precipitating factors),”2 1415 but the char-
acteristics of these patients have not been well delineated. We
hypothesi zed that this patient group might somehow bediffer-
ent from individualsinwhom the onset of the acute event oc-
curs during activity. Accordingly, we utilized the large data-
base from the Cardiac Arrhythmia Suppression Trial (CAST)
to examine the characteristics of the patient population who
were awakened from sleep by theonset of AMI.

Methods

Theingtitutional Committee on Human Research approved
the study protocol inal participating institutions. Writtenin-
formed consent was obtained from dl subjects. The CAST
was a prospective, placebo-controlled, randomized, double-
blind study designed to test the hypothesisthat suppression of
unsustained ventricular arrhythmias by antiarrhythmic drugs
insurvivorsof AMI would reducetheincidenceof arrhythmic
death. A detailed description of the CAST methodology has
been provided e sewhere. 1617 Thefollowing isabrief review
of the more important aspects of thetrial, with more detailed
informationintheareard evant to the present analysis.
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Patient Population

Patients were screened for inclusion in the trial between
June 13,1987, and August 1, 1991. Patients< 80 yearsof age
weredigibleif they demonstrated an averageof =6 premature
ventricular depolarizationgh on basdine 24-h ambulatory
electrocardiographic (ECG) (Holter) monitoring and had an
gection fraction <55% within 90 days or <40% within 2
years of adocumented AMI. Specifically excluded were pa
tientswith = 15 consecutive beats of ventricular tachycardiaat
araeof =120 beats'min> 6 daysafter infarction, symptomat-
ic bradycardia (without a permanent pacemaker), New York
Heart Association (NYHA) functional class IV congestive
heart failure, significant (creatinine= 2.5 mg%) rend failure,
or any other conditionslikely to limit life span. Also excluded
were patients already receiving class| or 11l antiarrhythmic
drugs or thosewith contrai ndicationsto any of thethree sudy
drugs (encainide, flecainide, moricizine).

After thefirst 22 months of the study, eligibility criteria
were altered so that the upper limit of g ection fraction was
40% in all patients, the time from the qualifying myocard-
ia infarction was shortened to <90 days, and up to 30 s of
ventricular tachycardia was allowed if the individual was
asymptomatic.

Before initiating the study medicetion, all patients under-
went adetailed baseline medical history and physical exami-
nation. Patientswere specifically questioned about thetiming
of the onset of symptoms of their quaifying AMI relative to
thetime of awakening on that day. Symptoms considered typ-
ica for AMI included severediscomfort anywhereintheante-
rior chest, back, neck, or shoulder for = 30 min, frequently as-
soci ated with nausea, vomiting, digphoresis, or dyspnea.

Study Design

Petients were grouped according to whether or not they
were awakened from seep by the symptoms of AMI. Con-
tinuous vari abl es between groupswere compared with aone-
way anaysis of variance (ANOVA); categorical variables by
chi-square test. P values < 0.05 were considered Statigtically
significant. Stepwiseregresson andysiswasusedto select the
predictorsfor amultivariatemodel. All demographicand clin-
ical variables, but not qudlity of life variables, that were uni-
variately related (p < 0.10) to awakening by AMI wereconsid-
ered ascandidate variablesfor multivariate analysis. Standard
stepwise methodswith ap < 0.05 entry criterion were utilized
to congtruct a logistic regression model where the outcome
was" awakening by myocardiad infarction.”

Resaults

Dataregarding timing of onset of AMI were availablefor
3,309 patients. Of these, 870 (26%) indicated that they were
awakened by symptoms of AMI and 2,439 (74%) were not.
The demographic characteristics of thetwo study groupsare
shownin Tablel. The patients awakened from deep were, in
general, older, with poorer left ventricular function, lower

quality of lifeindices, adecreased level of activity dueto poor
health, more frequent heart failure, higher incidence of angi-
na pectoris, and a greater frequency of atria fibrillation or
flutter. More of them had g ection fractions< 20%; 24% more
were> 75 years of age; and 29% morewerein NYHA func-
tional class Il and I11. There was no gender difference be-
tween groups, and no significant difference in mean serum
cholesterol or in the incidence of hypertension, diabetes, or
cigarettesmoking.

The ECG characterigtics of the study groups are shown in
Tablell. Thesewerederived from the ECG and Holter monitor
recording obtained at thetime of thethe CAST qualifying ex-
amination. Those awakened from deep had a higher resting
heart rate and a higher incidence of |eft bundle-branch block.
Therewasno difference between groupsin PRinterval or QRS
duration, theincidenceof left ventricul ar hypertrophy or abnor-
mal Qwaves, or thefrequency of ventricular premature begts.

Inthemultivariate anaysis, only low gjection fraction and
older age were independently associated with awakening by
thesymptomsof AMI. Theoddsthat apatient withangection
fraction <20% (n = 266) was awakened by symptoms were
1.48timeslarger than thosein a patient with an gjection frac-
tion>20% (oddsratio [OR] = 1.48, 95% confidenceintervel
[CI] 1.14,1.94, p=0.0039) (Fig. 1A). “Agesquares’ entered
themodel (OR = 1.009 per 100 squared years, 95% Cl 1.002,
1.016, p=0.0079) such that the odds of awakening withamy-
ocardia infarctionwere 10.5% higher for achangefrom50to
60 yearsold (n=878), 12.5% higher for achangefrom 60 to
70yearsold (n=1291), and 14.6% higher for achangefrom
70to80yearsold (n=655) (Fig. 1B).

Discussion

Although there have beenimportant advancesin preventive
cardiology in recent years, AMI remains an all too frequent
and catastrophic event. Despitetheidentification of major risk
factorsand improved diagnostic modalities, thereare current-
ly no accurate meansof predictingimpending AMI inasymp-
tomaticindividuas. If thoseat greatest risk could beidentified,
then appropriate prophylactic measures might be undertaken.
Current research hasfocused on the atherosclerotic plagueand
the factors that cause it to become unstable, precipitating an
acute event. Prior studiesin thisareahave addressed therole
of specific activitiesaspotential trigger factors.®13 However,
in up to 25% of cases, the onset of AMI occurs during deep,
in the absence of any apparent precipitating factors.”-% 14, 15
Since this represents a considerable number of acute events,
information about the pathophys ology would be of consider-
ableimportance.

Themagjor finding of the present study isthat patientsawak-
ened from deep by the onset of symptomsof AMI tend to be
older and have a higher incidence of severe cardiac disease
and symptomatic anginapectoris, and that thisrelationshipis
most pronounced in the subgroup that is oldest (= 76 years)
and the subgroup that hasthelowest g ection fraction (< 20%).
Although the mechanismsinvolved in thesefindingsare un-
known, we specul atethat theseindividud sarelikely tobeless
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TaBLE | Clinical characterigticsof the study popul ation grouped according to whether or not they were awakened by the symptoms of acutemy-
ocardid infarction

Characteridtic Awakened by Sx Not awakened by Sx pVaue
No. of patients(3309) (%) 870(26.3) 2439(87.7)

Age(years) 62.4+10 614+10 0.0096
Maegender (%) 706(81.1) 1994 (81.8) NS
Caucasian (%) 698(80.2) 1969 (80.7) NS
Ejectionfraction 0.35+0.10 0.36+0.10 0.02
Cholesteral (mg %) 214.3+49 2132+49 NS
H/o heart failure (%) 160(18.4) 371(15.2) 0.03
H/o of angina (%) 436(50.1) 1126 (46.2) 0.04
Hypertension (%) 302(34.7) 770(31.6) NS
Diabetes (%) 197 (22.6) 520(21.3) NS
PreviousMI (%) 396 (45.5) 1033(42.4) 0.10
Decreased activity dueto hedth (%) 296 (34) 734(30.2) 0.03
H/o CABG/PTCA (%) 182(20.9) 468(19.2) NS
H/o smoking (%) 707(81.3) 1990(81.6) NS
H/o A fib/A flut (%) 29(34) 48(2.0) 0.02
QL symptoms(1-6) 19+12 18+12 0.04
QL mood (1-6) 15+11 14+10 0.3
Sitting BP 126+19 125+19 NS

Abbreviations: Sx = symptom, H/o = history of, Ml = myocardia infarction, CABG = coronary artery bypassgraft, PTCA = percutaneoustrans-
luminal coronary angioplasty, A fib=atrid fibrillation, A flut = atrid flutter, QL symptoms= quality of lifere ated to symptoms(0=no symptoms
and 6 = symptomsall of thetime), QL mood = quality of liferelated to mood with (0 = the best mood and 6 = the worst mood), BP = blood pres-
sure, NS=not significant.

TaBLE Il Electrocardiographic characterigtics of the study population grouped according whether or not they were awakened by the onset of
symptomsof acutemyocardid infarction

Characterigtic Awakened by Sx Not awakened by Sx pVaue
No. of patients 870 2439 —
QRSwidth (ms) 0.947+0.02 0.940+0.02 NS
QT interval (ms) 0.38+04 0.38+04 NS
Abnormal Q waves (%) 611(73.7) 1776 (75.7) NS
PVC/honHolter 126+ 249 125+ 243 NS
LBBB (%) 31(3.6) 53(2.2) 0.025
Sitting heart rate (bests/min) 76.1+13 75.0+13 0.03

Abbreviations: PV C = premature ventricular contractions, LBBB = |eft bundle-branch block. Other abbreviationsasin Tablel.
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Fic.1 (A) Therelationship between gjection fraction and the probability of being awakened from deep by the onset of symptomsof acute my-
ocardia infarction. The patientswith g ection fractions< 20% are 1.48 timesmorelikely to be awvakened by the onset of symptomsthan patients
with gectionfractions> 20%. (B) Therelationship between age and thelikelihood of being awakened from deep by the onset of acute myocar-
did infarction. Similar to the pattern observed with g ection fraction, thereisan abrupt increasein the ol dest age group.
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active and therefore lessvulnerabl e to established trigger fac-
torssuch asvigorous physical exertion and sexud activity. In
fact, a higher percentage of these patients admitted to de-
creased physicdl activity because of poor hedlth.

Thishypothesisissupported by astudy of Pell and D’ Alon-
z0, who examined the clinica and epidemiologic aspects of
AMI in 1,356 employed patients between 25 and 64 years of
age.’8 They found that younger men were almost threetimes
morelikely to beengagedin heavy activity or severeexertionat
the time of symptom onset than their older co-workers. Sim-
ilarly, French and Dock, and also Yater et al. describeamuch
lower incidenceof AMI occurring during deep (10and 13.1%,
respectively) in populations that were considerably younger
than ours. 1415 |n contrast, Ridker et al. found that 26.3% of pa-
tients were awakened by the symptoms of AMI (compared
with 26.2% in our study) in the population of the Physicians
Health Study, which was 20-30 years older than in the two
studies described above.1° Stewart et al. recently reported the
results of astudy based upon astandardized questionnairein
2,468 consecutive patients admitted to a coronary care unit
with afirs myocardia infarction between 1975 and 1993.°
They found that patientswith exercise-related symptom onset
weremorelikely to beyounger and male, whilethosewho had
onset of symptoms in bed were more likely to be older and
have ahistory of stable or unstable angina. The study did not
digtinguish between those individual swho were adeep at the
timeof symptom onset and thosewhoweremerdly inbed (per-
haps, in some cases, becausethey werefedingill).

Limitations

Our data should be interpreted in light of several method-
ologic limitations. Although our hypothesiswas defined pro-
spectively, prior to dataanaysis, theinformation wasobtained
at the time of the baseline examination, which may have oc-
curred aslong as 2 years after the qualifying myocardial in-
farction. Thus, the data exclude patients who died from the
acute infarct (or from other causes) and may be applicable
only to aselect population of survivors. In addition, thistime
differentia raises the possihility that our findings could be
partly due to biased recall. However, when we analyzed the
percentage of patients awakened by symptomsasafunction
of thetimeinterval between their index myocardia infarction
and their CAST basdline examination, we found no signifi-
cant differencesbetween groups(i.e., therewasno significant
difference among those patients examined within 14 days of
their myocardia infarction, 15-28 days, 29-42 days, 43-90
days, etc.). Second, we have no information about the type of
medication that individual s were receiving at the time of the
acuteevent. Some of these medications, such asbetablockers
or salicylates, may have some effect upon trigger factors of
AMI and may haveaffected our findings. However, only 30%
of patients were receiving beta blockers (and a smaller per-
centage were receiving salicylates on aregular basis) at the
time of their basdline examination, 16 and it is likely that an
even smaller percentage of individuas were receiving these
medications prior to their qualifying myocardial infarction.

Third, for the purposes of the present analysis, we have as-
sumed that the onset of symptoms of AMI is synonymous
with the onset of the event. In certain individuals, such as
thosewith astuttering onset or thosewith prolonged episodes
of pre- or pogtinfarction angina, the actua initiation of myo-
cardia necrosismay bedifficult to determinewithout hourly
serum enzyme determinations. Similarly, symptoms may be
an unreliable indicator in patients with altered pain percep-
tion, such as diabetics and the very elderly. However, these
limitations would apply similarly to both groups so that any
systematic biasisunlikely. Finaly, practice patterns change;
forexample, itislikely that ahigher percentage of patientsare
prescribed betablockersand aspirin following AMI now than
was true 10 years ago. Accordingly, the applicability of our
datato present day practice may belimited.

Conclusions

Petientswho are awakened from deep by the symptoms of
acute myocardial infarction appear to be older and sicker than
individua swho devel op symptomsduring activity. Thesedata
suggest that these former individuals may belesslikely to be
exposed to recognized trigger factorssuch asheavy exertion or
sexud ectivity. Further studies are warranted to attempt to
identify factorsthat arelikely to precipitate acute myocardial
infarctioninindividualswho arelargely sedentary.
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Images in Cardiology: OsbornWavesof SevereHypothermia

THOMAS FEHR, M.D., EDWIN H. STRAUMANN, M.D., OSMUND BERTEL, M.D.

Department of Internd Medicine, Stadtspital Triemli, Zurich, Switzerland

A 50-year-old al cohol-addi cted man was admitted uncon-
sciouswith acore body temperature of 26° C. Blood testsre-
vealed norma serum valuesfor sodium, chloride, potassium,
and calcium. Alcohol was negativein serum. The patient was
rewarmed by conventiona means(warmed air and infusions).
No serious disturbances of cardiac rhythm occurred, respira-
tion remai ned sufficient, and the patient survived without sexi-
ouscomplications.

The initial dectrocardiogram (ECG) (Fig. 1A, 26° C)
showed anormal heart rate of approximately 80 beatsmin
withintermittent atrid fibrillation. PQand QTcintervaswere
prolonged (280 and 600 ms, respectively) as was the QRS
complex, which displayed the typical Osborn waves of hy-
pothermia most pronounced in Vz-Ve, I-Il, and avF
Similar ECG alterations have been described in normother-
mic patients with hypercalcemia, acute central nervous sys-
tem abnormalities, or acute inferior wall myocardia infarc-
tion, and they have been referred to as Osborn wave, Jwave,
camel hump, or hypothermic hump.

During rewarming the patient’ sSECG gradually normalized.
After 4h (Fig. 1B, 30° C) aregular ectopic atrial rhythmwas
observed and QTc interva had shortened to 503 ms. The
Osborn waveswere markedly reduced. Inthefina ECG after
24 h (Fig. 1C, 36.7° C) Oshorn waves had disappeared and
only adightly prolonged QTcinterval (453 ms) remained.
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Fic.1 Twelvelead dectrocardiogramsat (A) admission, (B) after
4h, and (C) after 24 h. Seetext for explication.



