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Possibility of Close Relationship
Between Sleep Disorder Breathing
and Acute Coronary Syndrome

Noriaki TAKAMA, MD
Masahiko KURABAYASHI, MD, FICC

Objectives. Sleep apnea syndrome and acute coronary syndromel ACSCare related, but any further asso-
ciation with congestive heart failurel CHFremains unclear.

Methods. Sixty-five patients with ACSl ACS grouplCand 48 patients with CHEl CHF groupCunderwent
Holter electrocardiography and respiratory monitoring to identify sleep apnea.

Results. There were significant differences in age, sex, frequency of smoking, and gjection fraction
between the two groups. The apnea hypopnea index showed similar high values in both ACS group

0 21.7+ 17.0/hrCand CHF groupl 19.4+ 17.9/hr] In the ACS group, 24 patients 37%[had central sleep

apnea syndrome and 29 patients 45%[had obstructive sleep apnea syndrome. There were no significant
differences in the incidences of central and obstructive sleep apnea syndromes between the two groups.
Sympathetic nerve activity was significantly higher in ACS group than in CHF grouf low/high frequency
power ratio in overall study, 2.64+ 2.43 vs 1.24+ 1.05, p[J 0.0003; in asleep study, 2.64+ 2.35 vs
1.23+ 1.04, pd 0.0002; in awake study, 2.73+ 2.36 vs 1.50+ 1.46, pJ 0.002C]

Conclusions. Sleep apnea was observed at the same frequency in the ACS group and the CHF group
including higher sympathetic nerve activity, and there was no significant difference in frequency of desatu-
ration. This study suggested that sleep disorder breathing is frequently and similarly associated with both

CHF and ACS.
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INTRODUCTION

Recently, a relationship between sleep apnea
syndromél SAS[and cardiovascular disease has
been identified. Sleep apnea with an apnea hypop-
nea indek! AHICof O 15 hr was found in 51% of
heart failure patients with gjection fraction of
45%."" Central sleep apnea syndromel CSA S[wvith
AHI of O 30/hr was an independent predictor for
poor prognosis and cardiac death in patients with
heart failure, an gection fraction 35% and New
York Heart Associationl NYHA] tod symp-
toms.?” Moreover, patients with coronary artery dis-
ease and obstructive sleep apnea syndromel OSA SO
had significantly higher 5-year mortality than

= Heart failure congestivell

patients without OSAS 38% vs 9%, pJ 0.01801*
SAS and acute coronary syndromel ACSLare relat-
ed.*” However, any further relationship between
SAS and ACS, and congestive heart failurel CHFO
has not been determined.

The present study examined the incidences of
sleep apnea in patients with ACS and patients with
CHF.

SUBJECTSAND METHODS

Study population

This study included 113 consecutive patients
with ACS who were admitted between January
2003 and April 2006 because of anterior chest pain,
or with CHF. CHF was defined as the establishment
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of NYHA gradel or . This study followed the
recommendations found in the Helsinki Declaration
of 1975 and the protocol was approved by our med-
ical center Institutional Review Board. Appropriate
informed consent was given by each patient before
entry into the study. In the course of our study, no
adverse effects were discovered and there was no
change to the protocol after the study began.
Patients with exertional angina were excluded from
this study.

Treatment strategy

Emergency coronary angiography was performed
in patients with ACS. Significant coronary artery
stenosis was defined as at least 75% reduction in
the internal diameter of the right or left anterior
descending, or left circumflex coronary artery, or
50% reduction in the internal diameter of the left
main trunk. In patients with acute myocardial
infarction, after the culprit lesions were ascertained
by coronary angiography, percutaneous coronary
intervention was performed. Successful reperfusion
was defined as the establishment of Thrombolysis
in Myocardial Infarctionl TIMIChrade 3 flow in the
infarct-related artery on the final coronary angiog-
raphy. In patients with unstable angina pectoris,
percutaneous coronary intervention was performed
after medical treatment except in an emergency. If
the patients suffered from CHF on admission, treat-
ment took precedence over study of sleep apnea
and blood gas sampling.

Data collection

On admission, we measured age, sex, body mass
index, blood pressure, fasting blood sugar, triglyc-
eride, high-density lipoprotein cholesterol, total
cholesterol, blood urea nitrogen, creatinine, brain
natriuretic peptide, and blood gases. Transthoracic
echocardiography] M-mode echocardiographyvas
also performed on admission.

Sleep study

Patients were studied as soon as possible after
hospitalization. Patients receiving inotropic therapy
were studied after discontinuation of that treatment.
The mean period before sleep study was 10.3+
11.3 days after hospitalization. During the sleep
evaluation, Holter electrocardiography and respira-
tory monitoring Morpheus® : Teijin Pharma
LimitedCivere used to identify sleep apnea. This

study included both the sleep periods and the peri-
ods before and after sleep. We checked air flow and
detected snoring using a nasal cannula, measured
movement of the chest and abdomen using a respi-
ration band, and monitored percutaneous oxygen
saturation to detect the level and the time of desatu-
ration. Two-lead electrocardiography was used to
monitor ST change, arrhythmia, and sympathetic
nerve activityl SNA[LUsing heart rate variability.

The presence of sleep apnea was defined as the
observation of more than 30 periods of greater than
10 sec of respiratory arrest during 7 hr of sleep. The
AHI was calculated as the number of times per
hour that pulse oximetry indicated that oxygen sat-
uration dropped by more than 4% from the baseline
oxygen saturation. AHI value of 10 or greater indi-
cated the diagnosis of sleep apnea. Central apnea
and obstructive apnea were classified using both
forms of air flow and movement of the chest and
abdomen. Central apnea was defined as apnea or
hypopnea with pause of the chest and abdomen
movement, and obstructive apnea as without such a
pause. If central apnea was present together with
obstructive apnea, both AHI values were measured,
and the diagnosis was central apnea, obstructive
apnea or both. SNA was also evaluated based on
the low frequency powet] LFLY high frequency
power] HF(Fatio of heart rate variability. Both LF
and HF were calculated using the spectrum analy-
Sis.

Statistical analysis

Data were expressed as meant+ SD. The two
groups were compared using the unpaired
Student’ s t-test according to standard statistical
methods using computer software. The results were
reported as relative risks with 95% confidence
intervals. Differences with avalue of p0 0.05 were
considered significant. Multivariate logistic regres-
sion analysis was aso performed to estimate SNA
values. This statistical analysis was performed
using JIMP softwarel IMP 6.0; SAS Institute Incll

RESULTS

Patient characteristics

The study group consisted of 113 patients,
including 65 patients with ACSl ACS groupland 48
patients with CHEI CHF groupl ACS group
included 39 patients with acute myocardial infarc-
tionl 60%[and 26 patients with unstable angina
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pectorisl 40%[ CHF group included 26 patients
with valvular diseasél 54%(] 10 patients with
ischemic cardiomyopathi/] 21%[] 5 patients with
dilated cardiomyopathi 10%[] and 7 patients with
other cardiovascular diseasal 15%[] There was no
significant difference in the frequency of classic
risk factors for coronary disease without smoking
0 37% vs 8%, pO 0.00040 between the two
groups. The mean age of the patients was signifi-
cantly younger in ACS group than in CHF group
066+ 9vs 73+ 11 yr, pO 0.00091 Moreover,
there were significant differences between the two
groups with respect to sekl male/female, 52/13 vs
23/25, pO 0.0003Cand gjection fractionl 57.7+
12.6% vs 52.1+ 14.5%, pd 0.03; Table 101
Blood gas analysis showed the arterial O, tension
was 84.5+ 16.7mmHg in ACS group and 81.1+
12.5mmHg in CHF groupd pd 0.250 and the arter-
ial CO, tension was 34.8+ 4.3mmHg in ACS
group and 36.1+ 4.7mmHg in CHF groupl pOd
0.1400 Fasting blood sugar was significantly higher
in ACS group than in CHF groufnl 155+ 85 vs
124+ 55mg/dl, pd 0.03[] and brain natriuretic
peptide was also significantly lower in ACS group
than in CHF groupl 140+ 257 vs499+ 702 pg/ml,
pO 0.0003; Table 20

Sleep apnea data

No significant difference in AHI was observed
between the two groups. Specifically, the AHI was
21.7+ 17.0 in ACS group and 19.4+ 17.9/hr in
CHF group and sleep apnea was equivalently and
frequently observed in both groups. CSAS and
OSAS were observed in 37% and 45% of ACS
group patients, respectively, and in 40% and 38%
of CHF group patients, respectively. The accumula-
tive curve of AHI value is shown in Fig. 1. The
accumulative curves of ACS group indicated more
than equivalent AHI value compared with CHF
group. Snoring was equivalently observed in both
groups. The oxygen saturation during sleep tended
to be below 90% and 85% saturation in CHF group,
but there was no significant difference between the
groups. The baseline oxygen saturation level and
minimum saturation level were also similar in both
groupd Table 301

The SNA was significantly higher in ACS group
than in CHF groufp) the LF/HF ratio in overall
study, 2.64+ 2.43 vs 1.24+ 1.05, pd 0.0003; in
asleep study, 2.64+ 2.35vs 1.23+ 1.04, pO
0.0002; in awake study, 2.73+ 2.36 vs 1.50%
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Table 10 Clinical characteristics

ACSgroup CHF group

OnO6s0 Ono4gn Pvave

Agél yrQO 66+ 9 73+ 11 0.0009
Sekl male/femalel] 52/13 23/25 0.0003
Body massindekl kg/m2]  24.1+ 3.6 235% 44 NS
Risk factor

Diabetes mellitus 18] 2801 a1 190 NS

Hyperlipidemia 201 340 18] 310 NS

Hypertension 30 570 201 560 NS

Smoking 241 370 a4 80 0.0004
Underlying cardiac disease

AMI 30 600

UAP 261 4000

Valvular disease 261 540

DCM 5 100

ICM 100 210

Others 71 150
Medical treatment

B -blockers 1m 170 a 80 NS

ARB or ACEI 38 510 381 6901 NS
SBB mmHgO 130+ 24 129+ 21 NS
DBP mmHgO 77+ 13 74+ 14 NS
Ejection fractionl 0 O 57.7+ 12.6 521+ 145 0.03

Continuous valuesaremeant SDO O O O

ACS[O acute coronary syndrome; CHFO congestive heart
failure; AMIO acute myocardial infarction; UAPO unstable
angina pectoris; DCMO dilated cardiomyopathy ; ICM [
ischemic cardiomyopathy ; ARBLC angiotensin-receptor blocker ;
ACEI[ angiotensin-converting enzyme inhibitor ; SBPO systo-
lic blood pressure; DBPC diastolic blood pressure.

Table 200 Biochemical parameters and blood gas analysis

ACSgroup CHF group p value

U n0O 650 0 n 480
FBS mg/diC] 155+ 85 124+ 55 0.03
TG mg/diO 118+ 69 99+ 48 NS
HDL-C mg/di0 51+ 24 56+ 16 NS
TC mg/dic] 182+ 36 181+ 42 NS
BUNI mg/diC] 16.7+ 7.8 19.4+ 85 NS
Ct mg/diC 0.99+ 117 0.96+ 0.41 NS
BNE pg/mi0] 140+ 257 499+ 702 0.0003
PaO;] mmHgO 845+ 16.7 81.1+ 125 NS
PaCO{] mmHgUd 34.8+ 4.3 36.1+ 4.7 NS

Values are mean+ SD.

FBSO fasting blood sugar; TGO triglyceride; HDL-CO high-
density lipoprotein cholesterol ; TCO total cholesterol ; BUNO
blood urea nitrogen; Cr0 creatinine; BNPUO brain natriuretic
peptide; PaO,[] arterial O, tension; PaCO,[] arterial CO,
tension. Other abbreviationsasin Table 1.
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] Fig. 1 Cumulative apnea hypopnea index
= oW = . . (hr) .
S 8 F » 8 B 2B B & AR PRCBR valuein thetwo groups
L 2% E » EEELERERDF There was no difference in the apnea
* e s =2 L 4 2 2 % 3 2 2 hypopnea index
- - - = - - - - = ' .
AHI O apnea hypopnea index. Other
AHIT value abbreviations asin Table 1.
Table 30 Data of sleep apnea study EEEm ACS group
ACSgroup CHF group pvaue tesz=m - CHF group
O nO 650 O nd 480 6.0 |- pE0,0003 pe0.002
CSAS 2413700 14000 NS — _
OSAS 204500 183800 NS 5.0 = T
AHO /hr0 21.7+ 17.0 194+ 179 NS = -
Snoring! /hr0 49.8+ 59.4 51.6+ 110.1 NS g 4.0 —
Baseline SpOs] 0 O 946+ 1.9 942+ 27 NS = B
Minimum SpOg] 0 O 794+ 71 793+ 85 NS Ll
Frequency of desaturation — —
[1.900] 6.3+ 106 111 198 0.10 2.0 -
0 850 09+ 31 41+ 139 007 =
1.0 —
Continuous values are meant SD. |
CSASO central sleep apnea syndrome; OSASO obstructive

sleep apnea syndrome; SpO.[] oxygen saturation of peripheral
artery. Other abbreviationsasin Table 1, Fig.1.

1.46, pO 0.0102 ; Fig. 2[0. To examine the
relationship between SNA values and other factors
using LF/HF rati@ more than 2.5 was defined as
high SNA valuel]l multivariate logistic regression
analysis used groufl ACS group or not[] agel O 70
years or notl] sekl male or not(] smokingl yes or
notC] and ejection fractionl O 45% or notCin both
groups. ACS group and agél 00 70 yearsCiwvere
strongly associated with high SNA valuesl Table
40 Furthermore, to examine whether SNA valuein
ACS group was due to sleep disorder breathing
00 SDBTbr not, we divided ACS group into two sub-
groups by AHI valuel cutoff point 10/hrC1 However,
there was no significant difference in these sub-
groupsl Fig. 30 and there were no significant dif-

Overallstudy  Asleep study  Awake study

Fig.2 Comparison of LF/HF ratioin thetwo groups
Sympathetic nerve activity showed significantly higher
vaues in ACS group than in CHF group for the overall
study, asleep study, and awake study.

LFO low frequency power; HFO high frequency
power. Other abbreviationsasin Table 1.

ferences in the frequency of diabetes mellitus and
medication of 3 blocker. Therefore, the high SNA
value in this study was thought to be affected by
ACS but not SDB.

DISCUSSION

SAS and CHF are closely related. For example,
the presence of central apnea in patients with left
ventricular dysfunction is a poor prognostic sign
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Table 40 Multivariate logistic regression analysis for
0O 0 0 0O O sympathetic nerve activity

Oddsratil 950 CIO  pvaue

Group

ACS group 4,026] 1.142(019.1830  0.046
Age

O 70 years 3.42611.36709.0170  0.010
Sex

Male 2.12610.69700 7.3470  0.201
Smoking

Yes 1.73810.63000 4.7460  0.280
Ejection fraction

0450 1.0781 0.362001 3.0670  0.893

Sympathetic nerve activity was estimated as low frequency
power to high frequency power ratio. A value O 2.5 was used as
the cutoff point and defined as high sympathetic nerve activity
value during entire sleep period.

CI10 confidence interval. Other abbreviation as in Table 1.

and is associated with a high mortality."
Moreover, the presence of obstructive apnea

0 AHIg 110s compatible with the effects of mod-
est to moderate effects of SDB on the manifesta-
tions of cardiovascular disease within a range of
AHI values that are considered normal or only
mildly elevated.®” In this study, we examined the
relationship between SDB and ACS, and CHF.
Various studies have reported the prevalence of
ischemic changes from 20% to 100%,” **~ whereas
the relationship between ACS and CHF in patients
with SAS was unclear. This relationship could not
be determined but the symptoms observed in many
of the patientsin this study were equivalent to those
seen in patients with CHF. The frequencies of clas-
sic risk factors for coronary artery disease and bio-
chemical parameters were almost equivalent in the
ACS and CHF groups except for those of smoking,
fasting blood sugar, and brain natriuretic peptide.
Moreover, the ACS group had almost equivalent
AHI value and frequency of SDB, although the
gjection fraction in the ACS group was significantly
better than in the CHF group. Therefore, the pre-
sent study suggests that sleep apneais important in
ACS, aswell asin CHF.

In this study, CSAS was observed in 37% of the
patients with ACS, and OSA S was observed in 45%
of the patients with ACS. Patients with SAS often
have coronary artery disease and CHF.**" %7 For
example, CSAS was present in 33% to 40% of
patients with CHFE.> **” OSAS was observed in 30%
to 31% of patients with coronary artery disease.
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Fig. 3 Comparison of LF/HF ratio in the two sub-
groups
Sympathetic nerve activity showed no significant differ-
ences in the two subgroups.
Abbreviationsasin Figs. 1, 2.

Furthermore, patients with SAS tend to suffer wors-
ening of cardiovascular disease.’®'*®” Central sleep
apnea with an AHI O 30/hr is an independent pre-
dictor of poor prognosis associated with cardiac
death in patients with gection fractionJ 35% and
NYHA O to symptoms.>”Obstructive apnea with
an apnea index of [0 20 causes much greater mor-
tality than apnea index of § 20.**"Moreover,
patients with coronary artery disease and OSA had
significantly higher 5-year mortality than patients
without OSAI 38% vs 9%, pd 0.01800*’However,
the frequency of SDB in patients with ACS as com-
pared with patients with CHF is less well known.
This study compared ACS and CHF in patients
with SDB, and found central and obstructive sleep
apnea had the same frequency in patients with ACS
and with CHF.

Total time spent at oxygen saturation] 90% is
significantly greater in patients with ACS than in
those with stable angina.*” Table 3 also showed that
the CHF group had a tendency for more time spent
below 90% and 85% compared with the ACS
group. These results may indicate that the frequen-
cy of nocturnal desaturation deteriorated with the
progress of the cardiac function.

Finally, the SNA was significantly higher in
patients with ACS compared with those with CHF.
SNA has a close relationship with coronary artery
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disease.® %7 |n this study, SNA was much higher
in patients with ACS during the overall sleep study.
In particular, the difference of the two groupsin the
asleep study was conspicuous. Generaly, patients
had high SNA value in proportion to high AHI
value, but all ACS cases were understood to already
suffer from high SNA value regardless of high AHI
value in this study. As a result, ACS should be
observed more carefully, because of the equivalent
AHI and high SNA compared with CHF.

This study showed that many patients with ACS
suffered from sleep apnea and a so had equivaently
high AHI value, aswell as greatly higher SNA. The
present findings suggest the possibility of a close
relationship between SDB and ACS. Sleep apneais
prevalent in patients with ACS, so we need to focus
on the relationship between ACS and SAS in the

future.

Limitation

No function to measure electroencephal ography
is provided in Holter electrocardiography and respi-
ratory monitoring. Therefore, the separation of cen-
tral slegp and obstructive sleep was not strictly pos-
sible.

CONCLUSIONS

Sleep apnea was observed at the same frequency
in the ACS group and the CHF group including
higher SNA, and there was no significant difference
in frequency of desaturation. This study suggested
that SDB is frequently and similarly associated
with both CHF and ACS.
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