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ABSTRACT: The aim of this study was to test whether an improvement of left ventricular ejection

fraction (EF) in the early phase after acute myocardial infarction is associated with a reduction of

the severity of central and obstructive sleep apnoea.

40 consecutive patients with acute myocardial infarction underwent polysomnography and

cardiovascular magnetic resonance imaging within 5 days and 12 weeks after the event to assess

sleep apnoea and cardiac function. We stratified the sample in patients who improved their left

ventricular EF within 12 weeks by o5% (improved EF group, DEF 9¡1%, n516) and in those who

did not (unchanged EF group, DEF -1¡1%, n524).

Prevalence of sleep apnoea (o15 apnoea and hypopnoea events?h-1) within f5 days after

myocardial infarction was 55%. Apnoea and hypopnoea events?h-1 were significantly more

reduced in the improved EF group compared with the unchanged EF group (-10¡3 versus

1¡3 events?h-1; p50.036). This reduction was based on a significant alleviation of obstructive

events (-7¡2 versus 4¡3 events?h-1; p50.009), while the reduction of central events was similar

between groups (p50.906).

An improvement of cardiac function early after myocardial infarction is associated with an

alleviation of sleep apnoea. This finding suggests that re-evaluation of treatment indication for

sleep apnoea is needed when a change in cardiac function occurs.

KEYWORDS: Acute myocardial infarction, coronary artery disease, heart failure, sleep apnoea,

ventilation

O
bstructive and central sleep apnoea (OSA
and CSA) are highly prevalent in patients
with chronic heart failure [1–3], as well as

in patients with acute left ventricular failure, e.g.
acute myocardial infarction (AMI) [4–6]. The inter-
actions between sleep apnoea and heart failure (HF)
are bi-directional. 1) Sleep apnoea may contribute to
the progression of HF by exposing the heart to
intermittent hypoxia, increased pre-load and after-
load, sympathetic activation and vascular endothe-
lial dysfunction. For example, in a previous
observational study the presence of sleep apnoea
early after AMI was linked to impaired recovery of
cardiac function [6]. Ultimately, both OSA and CSA
confer an increased mortality risk in patients with
chronic HF [7–9]. 2) Conversely, there is epidemio-
logical [10] and clinical evidence [11–15] that
cardiovascular disease and especially HF can
contribute to the development or worsening of
sleep apnoea. It has been clearly demonstrated for
several treatments of HF that improvement of
cardiac function can alleviate or even abolish CSA.
Examples of treatments improving cardiac function

in patients with CSA include mitral valvuloplasty
[11, 12], implantation of a biventricular cardiac
device [13, 14] and cardiac transplantation [15].
However, the effect of an improvement of cardiac
function on the severity of OSA has not been
studied yet.

There is evidence from physiological experiments
that fluid overload in HF with consecutive
nocturnal rostral fluid shift is associated with
upper airway narrowing [16] and the severity of
OSA [17, 18]. This fluid shift was directly related to
the degree of leg oedema and sitting time, and
inversely related to the degree of physical activity
[17]. This mechanism may be reversed or attenu-
ated by an improvement of cardiac function
followed by less leg oedema and rostral fluid shift.

Thus, we hypothesised that an increase in ejec-
tion fraction (EF) in the early phase after AMI is
associated with a reduction of the severity of CSA
as well as OSA. To test this hypothesis, we studied
a sample of patients with AMI and successful
percutaneous coronary intervention (PCI). In this
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context, AMI is a model for acute HF, with one group of patients
who improve their cardiac function and another whose left
ventricular function remains impaired in the early phase after
AMI when treated according to current international guidelines
for therapy of AMI [19].

METHODS
Patients
In a prospective observational clinical study, patients with an
AMI who were referred to the Universitätsklinikum Regens-
burg, Regensburg, Germany, between March 2009 and May
2010 were evaluated for eligibility (fig. 1). Inclusion criteria
were: 1) aged between 18 and 80 yrs; 2) primary AMI with ST
elevation in ECG; 3) successful PCI within 24 h after AMI; and 4)
written informed consent. Medications were given according to
international guidelines [19].

Exclusion criteria were: 1) aged ,18 or .80 yrs; 2) former AMI
with Q-waves in the ECG; 3) indication for a second PCI or
surgical myocardial revascularisation; 4) cardiac shock (need
of catecholamines); 5) implanted cardiac device or other

contraindications for cardiovascular magnetic resonance ima-
ging (CMR); 6) known treated or untreated sleep apnoea or at
least moderate degree of lung diseases; and 7) former stroke.
The protocol was approved by the local ethics committee and all
patients provided written informed consent. Eligible patients
underwent an overnight in-laboratory sleep study (polysomno-
graphy (PSG)) and CMR f5 days and 12 weeks after PCI.

Patients were stratified according to the change of left
ventricular EF (DEF5EF at 12 weeks; EF baseline): 1) the
sample of patients who improved their EF within 12 weeks
after AMI by o5% (improved EF group); and 2) those who did
not (DEF ,5%; unchanged EF group; fig. 1). An increase of EF
by o5% was a strong predictor of survival in HF patients [20].

Polysomnography
PSG was performed in all subjects using standard polysomno-
graphic techniques (Alice System; Respironics, Pittsburgh, PA,
USA) [8]. Respiratory efforts were measured with the use of
respiratory inductance plethysmography and airflow by nasal
pressure. Sleep stages and arousals, as well as apnoeas,
hypopnoeas and respiratory effort-related arousals (RERA), were
determined according to the American Academy of Sleep
Medicine (AASM) guidelines by one experienced sleep technician
blinded to the clinical data [21]. Hypopnoea definition A was used
[21]. In addition, hypopnoeas were classified as obstructive if
there was out-of-phase motion of the ribcage and abdomen, or if
airflow limitation was present. In order to achieve optimal
distinction between obstructive and central hypopnoeas without
using an oesophageal balloon, we used additional criteria, such as
flattening, snoring, paradoxical effort movements, arousal posi-
tion relative to hypopnoeas and associated sleep stage (rapid eye
movement (REM)/non-REM) [22]. CSA was defined as .50%
central apnoeas and hypopnoeas of all apnoeas and hypopnoeas.

Cardiovascular magnetic resonance
CMR studies were performed on a clinical 1.5 Tesla scanner
(Avanto, Siemens Healthcare Sector, Erlangen, Germany)
using a phased array receiver coil during breath-hold and that
was ECG triggered. Examination of ventricular function was
performed by acquisition of steady-state free precession (SSFP)
cine images in standard short axis planes (trueFISP; slice
thickness 8 mm, inter-slice gap 2 mm, repetition time 60.06 ms,
echo time 1.16 ms, flip angle 60u, matrix size 1346192 and
readout pixel bandwidth 930 Hz?pixel-1). The number of
Fourier lines per heart beat was adjusted to allow the
acquisition of 25 cardiac phases covering systole and diastole
within a cardiac cycle. The field of view was 300 mm on
average and was adapted to the size of the patient. Calculation
of left ventricular volumes and EF was performed in the serial
short axis slices using commercially available software (syngo
Argus, version B15; Siemens Healthcare Sector).

Statistical analysis
Continuous data are expressed as mean¡SD, unless otherwise
indicated. Differences between groups were assessed by two-
sided unpaired t-tests for continuous variables and by Chi-
squared tests for nominal variables. If the expected counts were
,5, Fisher’s exact test was used. ANCOVA was used to compare
changes of outcome variables over time between groups. A two-
sided p-value of ,0.05 was considered as statistically significant.

201 consecutive AMI patients with ST
elevation and PCI within 24 h

n=50 included in
the study

Excluded from analysis:
n=4 withdrawal of 
  informed consent
n=3 no CMR
  (claustrophobia)
n=3 no PSG

n=40 included in
analysis and stratified

Improved EF group
n=16

Unchanged EF group
n=24

Reasons for exclusion:
n=36 prior myocardial 
infarction
n=25 cardiac shock
n=20 follow-up not feasable
  (e.g. distance to place of
  residence, language)
n=18 aged >80 yrs
n=13 indication for surgical
  revascularisation
n=10 contraindication for 
  CMR
n=8 other severe diseases
n=4 no informed consent
n=17 others

FIGURE 1. Flow diagram of patients included in the study. AMI: acute

myocardial infarction; PCI: percutaneous coronary intervention; CMR: cardiovas-

cular magnetic resonance; PSG: polysomnography; improved ejection fraction (EF)

group: improvement of left ventricular EF within 12 weeks after AMI by o5%;

unchanged EF group: improvement of left ventricular EF within 12 weeks after AMI

by ,5%.
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All analyses were performed using SPSS 18.0 (SPSS Inc., Chicago,
IL, USA).

RESULTS
Patient characteristics
50 consecutive patients who were admitted to our institution
with ST elevation AMI and underwent PCI within the first 24 h
fulfilled the inclusion and exclusion criteria, and gave written
informed consent (fig. 1). 10 of these patients were excluded
from analysis due to withdrawal of informed consent, missing
PSG or CMR data. None of the participants died or was lost to
follow-up (fig. 1). The remaining 40 patients were stratified in
the improved EF group (n516) and the unchanged EF group
(n524; fig. 1). The improved EF group showed a significant
improvement in EF of 9¡1%, whereas the unchanged EF group
remained unchanged (-1¡1%, p,0.001; fig. 2). Compared with
the patients in the improved EF group, the patients in the
unchanged EF group showed no significant differences in age,
sex, body mass index, weight or smoking status at baseline
(table 1). Furthermore, maximum creatine kinase, systolic and
diastolic blood pressure, heart rate, creatinine and EF at baseline
were similar in both groups. Both groups showed no significant
differences in pre-existing diseases such as diabetes, hyperten-
sion or coronary artery disease (table 1). N-terminal pro-brain
natriuretic peptide (NT-proBNP) 1 day after the AMI was
similarly elevated in the improved EF and the unchanged EF
groups, respectively (table 1), indicating a moderate degree of
HF [23, 24]. Early after PCI, the majority of patients underwent
chest radiographs and echocardiograms, which were not part of
the study protocol; these indicated pulmonary congestion in
45% and a dilated vena cava inferior without respiratory
variation 43%, respectively. The frequency of such signs of
pulmonary congestion were similar in both groups (p50.524
and p50.728, respectively).

The mean Epworth Sleepiness Scale score at baseline was
similar and in the normal range in both groups (p50.529;

table 1), indicating no excessive daytime sleepiness. There
were no significant differences in the frequencies of b-blocker,
angiotensin-converting enzyme inhibitors/AT1 antagonists or
diuretic use at baseline and at follow-up time between the
improved and unchanged EF groups (table 2).

Type and severity of sleep apnoea in the early phase after
AMI
The prevalence of moderate-to-severe sleep apnoea (apnoea/
hypopnoea index (AHI) o15 events?h-1) in the entire sample
of AMI patients was 55% at ,5 days after PCI, of whom half
predominantly had CSA and half predominantly had OSA,
respectively. After the 12-week observational period, there was
a modest statistically nonsignificant reduction of sleep apnoea
prevalence from 55% to 45% (p50.371).

To evaluate the change of sleep apnoea severity according to
change in EF, we retrospectively stratified in individuals who
improved their EF (the improved EF group) and in those who
did not (the unchanged EF group; fig. 1). While the severity of
sleep apnoea did not change significantly from ,5 days to
12 weeks after PCI in the unchanged EF group (AHI 22¡5 to
23¡5 events?h-1; p50.756), AHI was significantly reduced in
the improved EF group (21¡4 to 11¡2 events?h-1; p50.010;
fig. 3). With respect to sleep apnoea type, the improved EF
group showed a greater reduction of obstructive AHI compared
with the unchanged EF group (p50.009; table 3 and fig. 3). In
contrast, there was a modest nonsignificant decrease of central
AHI that was similar in the improved EF and unchanged EF
groups (p50.906; table 3 and fig. 3); this was paralleled by a
similar rise of the awake arterialised capillary carbon dioxide
tension (p50.958; table 3 and fig. 4).

Such findings are confirmed in linear regression models using
the changes of left ventricular EF and AHI, central AHI and
obstructive AHI within the 12-week follow-up period as
continuous variables. An increase of left ventricular EF was
significantly associated with a decrease of AHI and obstructive
AHI but not central AHI (b coefficient (95% confidence interval):
AHI 0.37 (0.17–1.69), p50.018; obstructive AHI 0.33 (0.01–1.25),
p50.045; and central AHI 0.14 (-0.35–0.95), p50.339).

While the prevalence of moderate-to-severe sleep apnoea
(AHIo15?h-1) was reduced from 69% to 38% (p50.077) in the
improved EF group at baseline and at follow-up, the EF
unchanged group’s prevalence of moderate-to-severe sleep
apnoea remained similar (from 46% to 50%; p50.773). The
prevalence of OSA was in the improved EF group (from 31% to
6%, p50.070), whereas it showed an increase in the unchanged
EF group from baseline to follow-up time (from 25% to 31%;
p50.608). In contrast to the EF unchanged group, 31% of the
patients from the EF improved group shifted from a moderate-
to-severe degree of sleep apnoea to ,15 apnoeas and
hyperpnoeas per hour of sleep (0% versus 31%; p50.007).

The observed alleviation of sleep apnoea in the improved EF
group was associated with a significant increase in mean
arterial oxygen saturation, whereas minimum arterial oxygen
saturation, sleep efficiency, and the proportion of N3 and rapid
eye movement sleep stage did not change significantly
(table 3).
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FIGURE 2. Change of left ventricular ejection fraction (EF). Improved EF group:

improvement of left ventricular EF within 12 weeks after acute myocardial infarction

(AMI) by o5%; unchanged EF group: improvement of left ventricular EF within

12 weeks after AMI by ,5%.
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Clinical course
To evaluate whether either cardiac medication or fluid retention
had an impact on the association between change of cardiac
function and severity of sleep apnoea, we compared 1) the
intake of cardiac medication at baseline and follow-up (table 1)
and 2) the weight change, as a surrogate for fluid retention, over
the follow-up period between the improved EF and the
unchanged EF groups.

1) Patients of both the improved EF and the unchanged EF
group showed no significant differences in medication at
baseline and follow-up (table 1). All patients received acetylsa-
licylic acid and either clopidogrel or prasugrel for platelet
aggregation inhibition and angiotensin-converting-enzyme
(ACE)-inhibitors or angiotensin II type 1 (AT1) antagonists at
baseline. The majority of patients from both groups received

b-blockers, only one patient in the unchanged EF group did not
receive a b-blocker at baseline, because of bradycardia. The vast
majority of patients kept the ACE-inhibitors or AT1-antagonists
and b-blockers until follow-up (table 2). All patients with
clinical evidence of fluid overload (e.g. pulmonary or peripheral
oedema) received diuretics. The use of loop diuretics and
thiazide diuretics was similar in both groups at baseline and
follow-up (table 2).

2) While the improved EF group showed a weight loss, the
unchanged EF group gained weight (approximately -1¡1 kg
versus 2¡1 kg; p50.062).

DISCUSSION
This study provides several novel observations. First, 12 weeks
following an AMI, patients have a very high prevalence of

TABLE 1 Patient characteristics

Improved left ventricular EF Unchanged left ventricular EF p-value

Subjects n 16 24

Age yrs 55¡9 56¡11 0.755

Males 15 (94) 17 (71) 0.114

Weight kg 87¡11 84¡19 0.672

Body mass index kg?m-2 28¡3 28¡4 0.506

Current smoking 8 (50) 15 (63) 0.936

Maximal creatinine kinase U?L-1 1820¡1471 1930¡1370 0.813

Troponin I ng?mL-1 27¡81 36¡84 0.739

NT-proBNP pg?mL-1 1390¡1180 1693¡1720 0.546

Kreatinin mg?dL-1 1¡0.4 1¡0.3 0.216

Left ventricular EF % 43¡2 45¡2 0.421

Hypertension 9 (56) 13 (54) 0.897

Diabetes mellitus 4 (25) 3 (13) 0.308

Atrial fibrillation 1 (6) 0 (0) 0.215

AHI events?h-1 21¡14 22¡26 0.887

Obstructive AHI events?h-1 12¡10 10¡10 0.526

Data are presented as n (%) or mean¡SD, unless otherwise stated. EF: ejection fraction; NT-proBNP: N-terminal probrain natriuretic peptide; AHI: apnoea/hypopnoea

index; improved EF group: improvement of left ventricular EF within 12 weeks after acute myocardial infarction (AMI) by o5%; unchanged EF group: improvement of left

ventricular EF within 12 weeks after AMI by ,5%.

TABLE 2 Medication at baseline and follow-up

Improved left ventricular EF Unchanged left ventricular EF p-value

Baseline

ACE inhibitor/AT1 antagonist 16 (100) 24 (100) 1.000

b-blocker 16 (100) 23 (96) 0.408

Loop diuretics 2 (13) 5 (21) 0.497

Thiazide diuretics 3 (19) 4 (17) 0.865

12 weeks

ACE inhibitor/AT1 antagonist 14 (89) 22 (92) 0.455

b-blocker 16 (100) 22 (92) 0.236

Loop diuretics 2 (13) 6 (26) 0.301

Thiazide diuretics 2 (13) 5 (22) 0.460

Data are presented as n (%), unless otherwise stated. EF: ejection fraction; ACE: angiotensin-converting-enzyme; AT1: angiotensin II type 1.
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moderate-to-severe sleep apnoea (45%), of which ,50% is
obstructive and 50% is central in nature. Secondly, there is a
modest reduction of sleep apnoea prevalence 12 weeks after a
first AMI. Thirdly, improvement of cardiac function within the
first 12 weeks after AMI is associated with a significant
alleviation of sleep apnoea severity. In particular, especially
obstructive apnoeas and hypopnoeas were reduced.

The prevalence of sleep apnoea in the acute phase after a first
AMI in the current study is confirmed by several previous
studies [5, 6, 25–27]. NAKASHIMA et al. [6] and YUMINO et al. [25]
performed their sleep studies between 14–21 days after
primary PCI, whereas other previous studies used a similar
time-point to the present study to assess sleep apnoea at
baseline (,5 days after AMI) [5, 26, 28].

In the present study, the prevalence of an at least moderate
degree of OSA and CSA was 28% and 28% within the first
5 days after AMI, respectively. In none of the patients was
sleep apnoea suspected on clinical grounds, although 55% of
patients had an at least moderate degree of sleep apnoea. One
reason for this could be that, after AMI, patients did not report
daytime hypersomnolence. This finding is in accordance with
previous reports demonstrating a dissociation of sleep apnoea
from hypersomnolence in patients with cardiovascular disease
such as HF and stroke [29–31]. Furthermore, in the present
study, both groups have poor sleep efficiency, similar to
previous studies of patients with chronic HF [30].

PSG has been used in only one previous report studying sleep
apnoea early after acute coronary syndrome [32], and the authors
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FIGURE 3. Change of the severity of sleep apnoea according to the change of

cardiac function. EF: ejection fraction; improved EF group: improvement of left ventri-

cular EF within 12 weeks after acute nyocardial infarction (AMI) by o5%; unchanged

EF group: improvement of left ventricular EF within 12 weeks after AMI by ,5%.
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FIGURE 4. Change of arterial carbon dioxide tension (Pa,CO2) according to the

change of cardiac function. EF: ejection fraction; improved EF group: improvement of left

ventricular EF within 12 weeks after acute nyocardial infarction (AMI) by o5%; unchang-

ed EF group: improvement of left ventricular EF within 12 weeks after AMI by ,5%.

TABLE 3 Respiratory and sleep characteristics according to the change of cardiac function

Improved left ventricular EF Unchanged left ventricular EF p-value

Baseline 12 weeks p-value Baseline 12 weeks p-value

Respiratory characteristic

AHI events?h-1 21¡14 11¡9 0.010 22¡26 23¡24 0.756 0.036

Obstructive AHI events?h-1 12¡10 6¡4 0.008 10¡10 14¡19 0.166 0.009

Central AHI events?h-1 10¡12 6¡6 0.342 12¡23 6¡10 0.287 0.906

Pa,CO2 mmHg 35.2¡4.2 37.6¡3.6 0.073 35.2¡2.2 37.6¡3.4 0.002 0.958

Mean Sa,O2 % 93.4¡1.8 94.4¡1.4 0.041 93.8¡1.9 94.0¡1.5 0.398 0.149

Sa,O2,min 85.0 ¡7.9 86.5¡6.3 0.546 85.6¡6.3 85.4¡6.4 0.335 0.471

Sleep characteristic

Sleep efficiency % 76¡1 74¡1 0.544 70¡1 70¡1 0.135 0.150

N3 % 16¡6 14¡6 0.413 17¡9 16¡10 0.594 0.717

REM % 17¡6 15¡7 0.394 16¡8 14¡7 0.097 0.757

ESS 8¡5 7¡3 0.886 7¡4 6¡3 0.617 0.821

Data are presented as mean¡SD, unless otherwise stated. EF: ejection fraction; AHI: apnoea/hypopnoea index; Pa,CO2: arterial carbon dioxide tension; Sa,O2: arterial

oxygen saturation; Sa,O2,min: minimum arterial oxygen saturation; N3: % of total sleep time spent in N3 sleep stage; REM: % of total sleep time spent in rapid eye

movement sleep stage, ESS: Epworth Sleepiness Scale score.
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made the distinction between OSAs and CSAs during sleep [21].
Similar to our data, moderate-to-severe OSA and CSA was
prevalent in 45 and 37%, respectively, of acute coronary
syndrome patients [32]. However, the reported sample had less
impaired cardiac function [32]. In contrast to our data, NAKASHIMA

et al. [6] report a proportion of 43% OSA and no CSA in a sample
of patients with AMI 14–21 days after the event. In this study [6],
cardiac function was impaired similarly to our patients.

A significant proportion of CSA as observed in the present
study, and a similar report from TAKAMA and KURABAYASHI

[32], in a sample of AMI and acute coronary syndrome patients
with a moderate degree of HF, is plausible. In our sample, left
ventricular EF was impaired (EF 44%). Thus the prevalence of
CSA and OSA in the AMI patients of our study is comparable
with that reported in samples of patients with chronic HF and
with a similar degree of cardiac impairment [1, 3]. In such
samples of chronic HF, CSA, as well as OSA, is associated with
impaired prognosis [8, 9].

None of the previous studies focused on the time course of sleep
apnoea after the first AMI [6, 25, 27, 32, 33]. For the first time, we
could demonstrate an 18% reduction of apnoea and hypopnoea
events?h-1 of sleep from .5 days to 12 weeks after an AMI in
association with an improvement in cardiac function. The
magnitude of this effect is of clinical relevance in the group of
patients who improved their cardiac function because 31% of
such patients shifted from a moderate-to-severe degree of sleep
apnoea to mild or no sleep apnoea (AHI,15). While many
experts would recommend treatment in patients with moderate-
to-severe sleep-disordered breathing (SDB) regardless of symp-
toms based on the potential effects on cardiovascular outcome,
treatment is not indicated in those with mild SDB (AHI,15)
without sleep apnoea-related symptoms [34]. Considering the
high likelihood that the severity of sleep apnoea changes in
association with changes of cardiac function, present data
support the re-evaluation of sleep apnoea after improvement of
cardiac function in order to prevent unjustified long-term
treatment of patients without sleep apnoea or mild sleep apnoea
without sleep apnoea-related symptoms. This finding is in line
with previous studies that demonstrated that improvement of
cardiac function by various therapies, such as implantation of a
biventricular cardiac device [13, 14] and cardiac transplantation
[15], correlates with an attenuation of the severity of sleep apnoea
[11–15, 35]. In contrast to most studies [11–15], which observed
patients with CSA and found an improvement in CSA, we
demonstrated that, in our sample of AMI patients, the reduction
of sleep apnoea in the group with an improvement of left
ventricular EF is mainly caused by the reduction of OSA. There
was a modest nonsignificant reduction of central respiratory
events that was similar in patients with improved and unchanged
cardiac function, respectively. This finding may be explained by
the fact that the awake arterial carbon dioxide tension similarly
increased in both groups within the 12-week follow-up period,
suggesting an increase in ventilator control stability [36].

GARRIGUE et al. [35] observed a reduction in obstructive
respiratory events as a consequence of increasing cardiac output
by atrial overdrive pacing in patients with bradyarrythmias.
However, this was not confirmed in a similar randomised
controlled trial [37]. Thus, the current study complements
previous reports by demonstrating that an improvement of

cardiac function is also leading to a decrease in the severity of the
OSA. We assume that the improvement of OSA in patients after
AMI who improved their cardiac function correlates with 1) a
decrease in hypervolaemia after the acute HF and 2) a reduction
of ventilator control stability [38]. The observed loss of weight in
the group of AMI patients who improved their left ventricular EF
compared with those with stable ventricular function indicates
that such patients reduced their fluid overload. As neither
ventilator control stability nor neck circumference nor oedema in
the neck were assessed, the present study design does not allow
firm conclusions with respect to the underlying pathomechan-
isms for the reduction of obstructive respiratory events in
conjunction with an improvement of cardiac function.

Findings have to be interpreted in the light of the following
limitations. 1) The finding that the improved EF group lost more
weight than the unchanged EF group would be in line with the
potential pathomechanism that those patients who improved
their EF may have less rostral fluid shift contributing to upper
airway narrowing [16] and, hence, the severity of OSA [17, 18].
Other assessments to support this or other pathomechanisms (e.g.
neck circumference and fluid displacement from the legs) were
not performed. 2) In addition to cardiac function, other factors
may have contributed to alleviation of OSA in the improved EF
group. Our data support the fact that such effect was not related
to time spent in the supine position and to changes in medication.
3) Breathing effort can be most accurately measured using an
oesophageal balloon [21], which was not used in the present
study. In spite of the implementation of additional criteria, such
as flattening, snoring, paradoxical effort movements, arousal
position relative to hypopnoeas and associated sleep stage
(REM/non-REM), to distinguish between obstructive and central
respiratory events [22], some misclassification may have biased
the results with respect to the type of sleep apnoea.

In summary, we showed that moderate-to-severe sleep apnoea is
present in 55% of patients in the early phase after AMI and that
the number of patients with moderate-to-severe sleep apnoea is
reduced by 18% after 12 weeks. Of those patients who improved
their cardiac function within the first 12 weeks after AMI, a
substantial proportion (31%) shifted from moderate-to-severe
sleep apnoea to no or mild sleep apnoea (AHI,15 events?h-1)
with no or uncertain indication for treatment [34]. In particular,
obstructive apnoeas and hypopnoeas were reduced.

Thus, the present findings in patients in the early phase after
AMI contribute to the clinically important information that the
severity of sleep apnoea, including OSA, changes when an
improvement in cardiac function occurs. Similar effects may be
observed after several other medical or surgical interventions
in patients with HF that improve cardiac function [11–15]. To
prevent unjustified long-term treatment in patients with HF,
the present findings support the fact that the indication for
treatment of sleep apnoea should be re-evaluated when an
improvement in cardiac function occurs.
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