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Objectives. To evaluate the short term effects of inhalation of oxygen at night in 51 patients with con-
gestive heart failurel CHFLAnd sleep apnea syndrome] SAS[]

Methods. Fifty-one patients with stable CHEl 31 males, 20 females, mean age 79.0+ 11.9 years; brain
natriuretic peptide level of J 100 pg/m/Overe evaluated between September 2003 and August 2004, using
a Morpheus” monitor. The complication rate of SAS in patients with CHF was assessed and apnea hypop-
nea index, oxygen desaturation index 3%, heart rate, and autonomic nerve activity under room air com-
pared to supplemental O, 2 //min[bver two consecutive nights.

Results. Thirty-eight] 75%[bf the CHF patients had SAS. Of these SAS patients, 49% suffered from
central SAS and 51% had obstructive SAS. Apnea hypopnea index and oxygen desaturation index 3%
improved remarkably with supplemental oxygehl pJ 0.0010 in particular, the central SAS group demon-
strated prominent improvemert] p [1 0.0010] Obstructive SAS patients exhibited no significant changes

O p0 0.33560] but tended to exacerbate the episodes of sleep apnea. Total heart rate was decreased p [
0.00790 Nevertheless, heart rate variability analysis showed little effect of nocturnal oxygen therapy on
the autonomic nervous system during sleeping.

Conclusions. Nocturnal oxygen therapy improved the number of sleep apnea episodes and decreased
total heart rate during sleep time for the CHF patients with central SAS, despite little influence on the auto-
nomic nervous system, based upon assessment of heart rate variability. Obstructive SAS might exacerbate
the episodes of sleep apnea.
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INTRODUCTION

Patients with congestive heart failurel CHFLhre
commonly treated with inhibitors of the renin-
angiotensin system and [3 -blockers have been
introduced based on clinical evidence, but some
patients still have less than the expected improve-
ment of quality of life and require repeated hospi-
talization. As one of the exacerbating factors of
CHF, 30 to 40% of the CHF patients exhibit com-
plications of Cheyne-Stokes respiration during
sleeping at night, which is predictive of the clinical
condition and prognosis of heart failure'"?".
Although the efficacy of nocturnal oxygen therapy
reduces the number of sleep apnea episodes for
CHF patients with central sleep apnea* ®", the effect
of oxygen therapy on the autonomic nervous activi-
ty has not been evaluated using heart rate variabili-
ty analysis. The present study investigated the com-
plication rate of sleep apnea syndromé] SAS[in
patients with heart failure, and the effectiveness of
short-term nocturnal oxygen therapy on improving
sleep apnea and autonomic nervous activity in
patients with CHF with SAS.

PATIENTS AND METHODS

Patients
Patients in stable condition in our hospital were
examined for their status of sleep apnea and auto-
nomic nervous activity from September 2003 to
August 2004. These parameters were compared
with] O, 2//minlhnd withoult] room air[bxygen
therapy during sleep. Fifty-one patients] 31 males,
20 females, mean age 79.0+ 11.9 years, body mass
index 22.1+ 3.3 kg/m*0who exhibited symptoms
in accordance with the Framingham Clinical
Criteria”*"and brain natriuretic peptide] BNPLT]
100 pg/mill Shionogilwere enrolled in this study,
excluding those with chronic obstructive pul-
monary disease and cerebral vascular disease
U Table 10 The causes of their heart failure were as
follows: 34 patients with ischemic heart disease,
12 with valvular impairment, 3 with dilated car-
diomyopathy, 1 with hypertrophic cardiomyopathy,
and 6 with hypertension, except for arrhythmia
[ atrial fibrillation, sick sinus syndrome and high
advanced atrioventricular block] Table 201 The
mean BNP level was 816.8+ 862.6 pg/mll maxi-
mum 3,870 pg/m/, minimum 100 pg/m/L Ejection
fraction measured on the short axis by transthoracic
echocardiography was 43.3+ 17.9%] Table 1]

Table 101 Characteristics of 51 patients with heart failure

Agél yrO 79.0 11.9
Sek] male/female[] 31/20
Body mass indek] kg/m?[J 22.1+ 33
Brain natriuretic peptidé] pg/m/[] 816.8+ 862.6
Ejection fractioh] %0 43.3+ 17.9

Continuous values are meant SD.

Table 20 Etiology of heart failure

Etiology Rate] number[]
Ischemic cardiomyopathy 67%] 340
Valvular heart disease 24%) 120
Dilated cardiomyopathy 6% 30
Hypertrophic cardiomyopathy 2%] 10
Other§] including hypertension[] 12%] 60
Table 30 Medication

Medication Rate
Beta-blockers 41%
Angiotensin[J] receptor blockers or

. . . s 80%
0 angiotensin converting enzyme inhibitors
Diuretics 61%
Nitrates 57%
Digitalis 16%
Amiodarone hydrochloride 6%

These patients were receiving various medica-
tions, such as B -blockers 41%, angiotensin [
receptor blockers or angiotensin converting enzyme
inhibitors 80%, diuretics 61%, nitrates 57%, digi-
talis 16%, and amiodarone hydrochloride 6%,
excluding other antiarrhythmic agents, especially
short-acting drughkl] Table 3[1 Narcoleptics were
excluded on the first day of examination.

Methods

Patients who were admitted to our hospital under
a diagnosis of heart failure were tested in stable
condition, with medication, immediately before dis-
charge and without any supplemental oxygen. We
used a Holter electrocardiography] ECGlhnd
Respiratory Monitor, Morpheus ] Teijin Pharma
Ltd.[linder the following conditions: day 1, no
oxygen therapy] room airlJ; day 2, nocturnal oxy-
gen therapyl O, 2//minl] Patients were evaluated
continuously during sleep to assess sleep apnea
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[ obstructive and centrall] apnea hypopnea index
U AHIL oxygen desaturation indek] ODI[B%, and
autonomic nervous activity, using Holter ECG,
mean heart rate and heart rate variability analysis.
Sleep apnea was defined as cessation of air cur-
rent for more than 10 sec, and hypopnea was
defined as reduction of normal ventilationd 50%,
as well as decrease in oxygen saturation ] 3%.
AHI shows the incidence of apnea and hypopnea
per hour, and ODI 3% shows the incidence of 3%
or greater decrease in oxygen saturation per hour.
SAS was identified as: AHIO 10: normal ; AHI
B 10: abnormal. Furthermore, SAS was catego-
rized as: AHI 100 20 : mild hypopnea group;
AHI O 20: severe hypopnea groupl requiring treat-
mentl] Thoracic and abdominal breathing move-
ment and simultaneous nasal air current were mea-
sured to determine central or obstructive apnea.
Central apnea was identified when both nasal air
current and thoracic and abdominal breathing
movement were stopped. Obstructive apnea was
identified when nasal air current was stopped but
thoracic and abdominal breathing movement was
not. The analysis was performed manually’in con-
sideration of the potential for underestimation by
automatic analysis. Normal R-R intervdll NN inter-
vallHuring sleeping with normal heart rate, exclud-
ing arrhythmia, was assessed for heart rate variabil-
ity using fast Fourier transform. The time domain
measures of heart rate variability were assessed by
pNNS50, which is the NN50 at the normal heart rate
intervdll the proportion of change in successive R-
R intervals was greater than 50 msec[I%"as an index
of parasympathetic activity, and SDNN which is
the standard deviation in normal heart rate as an
index of prognosis for sudden death. The frequency
domain measures of heart rate variability were
assessed by low frequency powel] the change of
NN interval in the low-frequenci] 0.040 0.15 Hz[T]
and high frequency powdrl the change of NN inter-
val in the high-frequencyl 0.150 0.40 Hz[T1
Autonomic activity was evaluated by high frequen-
cy power, which is an index of vagal activity and
low frequency power/high frequency power ratio
which is an index of sympathetic activity'"” "

Statistical analysis

StatView J-5.0 was used for statistical analyses.
Continuous variables were described as the
mean* SD, and paired #-test was used for compari-
son between groups. Statistical significance was
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Table 40] Patients with congestive heart failure compli-
cated by sleep apnea syndrome

Frequency of CHF complicated with SAS Raté) numberl]

On0O510
Normal
0 O AHIO 101 normald 25%1 130
SAS
0 O AHIF 10 75%] 3801
00O O10H AHIH 20: mild SAS 25%] 130
0 0O O OAHIO 20: severe SAS 499 250

0000 Orequired treatment[]

CHFL congestive heart failure; SASO sleep apnea syndrome ;
AHI[] apnea hypopnea index.

Table 50 Classification of sleep apnea syndrome

Classification of SAS Rate] number]

On0O510
Obstructive SAS 51%1 260
Central SAS 49%] 250

Abbreviation as in Table 4.

defined as p 1 0.05.

RESULTS

Thirty-eighit] 75%[bf the 51 CHF patients had
SASI AHIF 10; Table 401 Twenty-fivel 49%[bf
these 38 patients had severe SAS] AHIU 20Chnd
18] 25%[had mild SAS] AHI 100 2000 Of these
SAS patients, 25 patientk] 49%[had central SAS
and 26] 51%[had obstructive SAS] Table 51 To
evaluate the efficacy of short-term oxygen therapy,
oxygehl O, 2//minCwas supplied for all 51 patients
with heart failure. In all patients, AHI p ] 0.0010
ODI 3%l pU 0.0010 total apnea ratel p 1 0.0074
and total hypopnea ratk! p 0 0.0010mproved sig-
nificantly! Fig. 1[] AHI in central SAS was signifi-
cantly improved by nocturnal oxygen therapyl p [l
0.0010 AHI in obstructive sleep apnea was wors-
ened by nocturnal oxygen therapy, although not sta-
tistically significant] pJ 0.3356; Fig. 201 Total
heart rate was decreased] p[J 0.0079[by nocturnal
oxygen therapy, whereas the average heart rate was
not significantly reduced p 0 0.3557; Fig. 30
Nevertheless, in the time domain measure of heart
rate variability, SDNNJ p O 0.9432[hnd pNN50

U pO 0.49870was not changed by nocturnal oxygen
therapy. In addition, in the frequency domain mea-
sure of heart rate variability, high frequency power
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Fig. 1 Effect of oxygen therapy
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Fig. 2 Effect of oxygen therapy:

U p0 0.61670 and low frequency power/high fre-
quency power ratiél p[J 0.97600was not changed
by nocturnal oxygen therapyl Fig. 401

DISCUSSION

Thirty to 40% of the CHF patients exhibit com-
plications of Cheyne-Stokes respiration during
sleeping time'”*". There are three mechanisms
for heart failure related to respiratory
pattern'*”'°”: Mechanical pumping dysfunction
leads to a reduction in renal blood flow and conse-
quent stimulation of renin-angiotensin system
results in activation of sympathetic nerve

Non-oxygen Oxygen

Classification of sleep apnea syndrome

]
activity ; pulmonary congestion and interstitial
edema stimulate J-receptors causing hyperventila-
tion through afferent C fibres; and cardiomegaly
causes a decrease in functional residual volume and
reduces oxygen reserve volume in the lung.
However, hypoxemia is compensated by hyperven-
tilation during the daytime. Therefore, CHF
patients exhibit hypocapnia during the day as a
result of activation of sympathetic nerve activity
and chemoreceptors. During sleeping, however,
rapidly decreased sensitivity of central chemore-
ceptors and increased Paco, concentration cause
supraliminal stimulation of apnea. CHF patients
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Total HR

(beats / *sleep period duration)
52,000

Average HR

(bpm)
7

51,000
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48,000
47,000
46,000
45,000
44,000
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p = 0.0079
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*Sleep period duration
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Oxy gen
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Fig. 3 Effect of oxygen therapy: Total heart rate, average heart rate
HR O heart rate ; bpm O beats/min.

Time domain analysis

(msec) Asleep SDNN (?2)) Asleep pNN50
110
107.5 p =0.9432 30 p =0.4987 L
105 |
102.5 21
100 26 F
97.5 24 1
1 221 -
92.5 ]
90 - 20 1 L
87.5 18
Non-oxygen Oxygen Non-oxygen Oxygen
Frequency domain analysis
(;nsggcz) Asleep HF (n;ssecz) Asleep LF/HF ratio
7,000 - p =0.6167 1.25 p =0.9760
6,500 12]
6,000
1.15 1
5,500
5,000 119
4,500 1.05
4,000 1 3
3,500 0.95
Non-oxygen Oxygen Non-oxygen Oxygen

Fig. 4 Effect of oxygen therapy: Time domain analysis and frequency domain analysis
Asleep SDNN U standard deviation of all normal R-R intervals during recording of electrocardiogram dur-
ing sleeping, used as a prognosis index for sudden death; Asleep pNN50 0 percentage of differences
between adjacent normal R-R intervals that are J 50 msec computed during the recording of electrocardio-
gram during sleeping, that is used as an index of parasympathetic activity ; Asleep HF [ asleep high fre-
quency power, energy in the heart period power spectrum between 0.15 and 0.40 Hz during
sleeping; Asleep LF[ asleep low frequency power, energy in the heart period power spectrum between
0.04 and 0.15 Hz during sleeping; Asleep LF/HF ratio[] ratio of low to high frequency power during

sleeping.

take longer to sense this information because of
delayed circulation due to pumping dysfunction.
Marked elevation of Paco, concentration stimulates
the central chemoreceptors and leads to hyperventi-
lation. Prolonged apnea causes hypoxia that pro-
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motes hyperventilation through peripheral
chemoreceptors. This mechanism causes Cheyne-
Stokes respiration, which results in a malignant
cycle during sleeping at nightl Fig. 5075,
Nocturnal sympathetic activation stimulates ner-
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1) Hyperventilation
(PaCO, |)
2) Accelerated SNA

Night

1) Rapidly decreased sensitivity of
central chemoreceptor

2) Delayed recognition of hypercapnea
due to circulation delay
in chemoreceptor of CHF

Apnea

Activation of
central
chemoreceptor

Cheyne-Stokes
respiration

1)Alteration of hemodynamics
2)Activation of

00000 coagulation activity
3)Promotion of arteriosclerosis

Acceleration
of SNA

Marked elevation of PaCO;
suddenly causes hyperventilation
via central chemoreceptors

Wi

Hyperventilation

Fig. 5 Malignant cycle of congestive heart failure patients with Cheyne-Stokes respiration
SNA O sympathetic nerve activity. Other abbreviation as in Table 4.

vous or humoral hormones*'**2 and can lead to

more cardiac events?'**" Therefore, in considera-
tion of this mechanism, the main purposes of
adjunctive therapy for CHF patients with central
SAS are stabilization of circulation time and
improvement of respiratory conditions.

Treatments for central SAS have included:
Theophylline, atrial pacing, and nasal continuous
positive airway pressurel CPAPL] The efficacy of
theophylline*"and atrial overdriving pacing®*"cer-
tainly improved the number of sleep apnea episodes
in the short term, but have not proved a positive
effect on cardiac functiohl ejection fraction, BNP
etc.[br long-term outcome was not evaluated.
Nasal CPAP***is the ideal therapy because posi-
tive intrathoracic pressure leads to increased oxy-
gen reserve volume by improvement of pulmonary
functional residual volume, and alveolus enlarge-
ment by improvement of cardiac function and
decreased blood circulation period, following
reduction of cardiac pre- and after-load. However,
this device must be fixed on the face and requires
both patient compliance and adherence. In particu-
lar, elderly patients occasionally do not tolerate this
procedure.

The present study evaluated the effectiveness of
oxygen therapy as one of the therapies for the CHF
patients with central SAS. All patients agreed to
and tolerated the administration of nocturnal oxy-
gen by nasal cannula. The main purposes of this

therapy are the improvement of peripheral oxygen
during sleep time and breaking the malignant cycle
of central SAS. These results suggest remarkable
improvement of AHI and ODI 3%, as well as sig-
nificantly decreased total heart rate. In contrast to
our expectations, heart rate variability analysis
using Holter ECG recordings during sleep demon-
strated no influence on the autonomic nervous sys-
tem. Although we will discuss this reason further in
the study limitations”, the relationship between
sleep conditions and autonomic activity might be
underestimated. Moreover, because an inverse rela-
tionship was demonstrated between age and heart
rate variability”’", the fact that most patients were
elderly in this study might have a negative effect on
our results. However, oxygen therapy lowered the
total heart rate during sleep, suggesting some posi-
tive effects on stabilization of autonomic nerve
activity, and so may be expected to decrease the
number of cardiac events in the long term. Oxygen
therapy and nasal CPAP therapy were equally
effective in improving nocturnal apnea®".This oxy-
gen therapy might be expected to provide better
compliance and adherence for elderly patients than
nasal CPAP.

The efficacy of nocturnal oxygen therapy in the
long term is unclear.*’**" Our group is also cur-
rently exploring the effectiveness of nocturnal oxy-
gen therapy in long-term prognosis and the appro-
priate indications for nocturnal oxygen therapy. In

J Cardiol 2005 Aug; 46 2L 53-61
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particular, because this study demonstrated that
obstructive SAS using nocturnal oxygen might tend
to exacerbate the episodes of sleep apnea, although
the mechanism is unknown, we should carefully
make decisions for the indications in the future. If
some CHF patients with obstructive SAS or chron-
ic obstructive pulmonary disease are carelessly
given oxygen therapy, CO, narcosis may be caused.
Moreover, nocturnal oxygen supplement is one of
the adjunctive therapies for CHF patients with cen-
tral SAS. First of all, stabilization of heart failure
by sufficient conventional therapy is the most
important because of improving circulation time. In
order to safely start nocturnal oxygen therapy,
obtaining information about blood arterial gas and
the simplified sleep test as well as Morpheus are at
least needed in the stable phase of heart failure.

Study limitations

There are several limitations in the present study.
The records of sleeping period and awake period
were based on patient declarations, despite the fact
that most patients were elderly, with a mean age
79.0+ 11.9 years. The Holter ECG and Respiratory
Monitor, Morpheus, used in the current study,
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unlike polysomnography, cannot record electroen-
cephalograms that dispense with the evaluation of
sleeping stages. Thus, elucidation of the association
between autonomic nervous activities measured by
Holter ECG and sleep conditions would appear dif-
ficult. Since cardiovascular events are closely relat-
ed to autonomic activity, improvement of the
Holter ECG and Respiratory Monitor, Morpheus, is
necessary to elucidate any association between
heart rate variability and sleep.

CONCLUSIONS

Nocturnal oxygen therapy improved the episodes
of sleep apnea for the CHF patients and decreased
total heart rate during sleep time, despite little influ-
ence on the autonomic nervous system, based upon
assessment of heart rate variability. Obstructive
SAS might exacerbate the episodes of sleep apnea.
We should strictly determine the indications for
nocturnal oxygen therapy in CHF patients in con-
sideration of the long-term outcome.
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