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ABSTRACT

Background: The Treatment of sleep apnoea Early After Myocardial infarction with Adaptive Servo-Ventilation
(TEAM-ASV 1) trial showed that adding adaptive servo-ventilation (ASV) to treat sleep-disordered breathing
(SDB) early after acute myocardial infarction (AMI) improved myocardial salvage and decreased infarct size. It is
purported that ASV may mitigate the inflammatory response, cardiac congestion, or fibrosis, but evidence
supporting this assertion is sparse.

Methods: This ancillary analysis of the multicentre, randomised, open-label TEAM-ASV I trial assessed patients
with analysable blood samples at baseline and 12-week follow-up. Patients were randomised to early ASV
treatment in addition to standard care for AMI and standard care alone (control). Changes in the levels of
circulating biomarkers of inflammation (high-sensitivity C-reactive protein [hs-CRP], fibrinogen, interleukin
[IL]-6, and interleukin-33 receptor [IL-33R]), fluid overload (N-terminal pro-B-type natriuretic peptide [NT-
proBNP] and antigen carbohydrate [CA]-125), and fibrosis (procollagen III type aminoterminal propeptide
[PIIINP] and matrix metalloproteinase [MMP]-9) were compared between the ASV and control groups.
Results: Forty SDB patients were analysed. The reduction in IL-33R was greater in the control group than in the
ASV group (—1.94 [-3.88, 1.56] versus —4.30 [-6.46, —2.02] ng-ml’l). However, changes in other biomarkers of
inflammation (hs-CRP, fibrinogen, and IL-6), fluid overload (NT-proBNP and CA-125), and fibrosis (PIIINP and
MMP-9) were similar in both groups.

Conclusions: This ancillary analysis of TEAM-ASV I does not support that treatment of SDB in the early phase after
AMI with ASV has a clinically relevant short-term effect on biomarkers of inflammation, fluid overload, or
fibrosis. Further studies are warranted to explain how early treatment with ASV results in increased myocardial
salvage after AMI beyond the effects of SDB treatment on hemodynamics and oxygen demand-supply mismatch.
Clinical trial registration: NCT02093377.

1. Introduction

elevation AMI still develop heart failure, with approximately half of the
patients having a reduced ejection fraction and half having a mildly

Despite advances in the treatment of acute myocardial infarction reduced or normal left ventricular ejection fraction [1]. Importantly, up
(AMI) with percutaneous coronary intervention (PCI) and optimal to 13 % of patients are hospitalized or die approximately 3 years after
medical treatment (OMT), one in ten patients after first-time ST- AMI [1,2]. The newly introduced treatment option with adaptive
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servo-ventilation (ASV) has been shown in a proof-of-concept study to
significantly reduce infarct size in patients with first-time AMI and
sleep-disordered breathing (SDB) [3]. If such findings can be confirmed
in a phase III trial, they may greatly impact the treatment of AMI,
especially considering that SDB affects up to two-thirds of individuals
with AMI [4,5].

Circulating biomarkers help us observe the function of the heart and
other organs over time and predict outcomes [6-8]. During the acute
stage of AMI, inflammatory processes accompany infarction en route to
tissue rearrangement, whereby a prolonged severe inflammatory
response may induce adverse left ventricular remodelling and ultimately
lead to heart failure [9,10]. Increased levels of interleukin (IL)-6 and
high-sensitivity C-reactive protein (hs-CRP) reflect an excessive in-
flammatory response and simultaneously predict a worse outcome [7,
10,11]. The thrombotic occluded heart vessel promotes tissue damage at
the infarct site, which in turn results in disturbances in cardiac kinetics
and consequently in volume overload [12]. In addition to N-terminal
pro-B-type natriuretic peptide (NT-proBNP) [13], antigen carbohydrate
(CA)-125 has been proven to be a reliable biomarker of fluid overload
and a predictor of mortality after AMI [14,15]. Finally, cardiomyocytes,
endothelial cells, and fibroblasts orchestrate complex interactions and
initiate myocardial healing and scar formation. The impaired collagen
turnover accompanying the degradation of former tissue at the infarct
size replaced by a newly formed scar is displayed by increased levels of
an extension amino-terminal propeptide of type III procollagen (PIIINP)
and matrix metalloproteinase (MMP)-9, both of which are associated
with poor clinical outcomes [7,10,16-18]. Interestingly, the
interleukin-33 receptor (IL33R), also known as soluble ST2, is associated
with inflammation, cardiac congestion, and tissue fibrosis and provides
prognostic rather than diagnostic information [7,19].

Many negative influences are to be found in SDB, be it acute inter-
mittent hypoxemia, sleep arousals, sympathetic system activation,
increased intrathoracic cardiac workload, low-grade inflammation,
endothelial dysfunction, a prothrombotic milieu, or intermittent hyp-
oxemia in the context of increased cardiac oxygen demand due to
increased cardiac workload [20,21]. As a consequence, larger infarct
size, reduced left ventricular function, and adverse left ventricular
remodelling emerge [22,23]. Adaptive servo-ventilation (ASV) is an
effective treatment option for patients with SDB with obstructive sleep
apnoea (OSA) and central sleep apnoea (CSA) [24-26].

We hypothesized that if treatment with ASV prevents sleep distur-
bances, it would also mediate the alleviation of the inflammatory
response, cardiac congestion, and fibrosis. Therefore, we sought to
evaluate whether treatment of SDB early after AMI with ASV affects
circulating biomarkers of inflammation, fluid overload, and fibrosis.

2. Methods
2.1. Study design

This study is an ancillary analysis of the TEAM-ASV I trial
(NCT02093377), which was an investigator-initiated, randomised,
open-label, parallel proof-of-concept study with blinded assessment of
outcomes recruiting patients from February 2014 to August 2020. The
study population and inclusion/exclusion criteria have been previously
described in detail [27]. In brief, all screened patients (n = 171, Fig. S1)
admitted to one of three hospitals in Germany with a first AMI with ST
elevation or acute occlusion of a coronary artery, had undergone pri-
marily successful percutaneous coronary intervention (PCI) within 24 h
of symptom onset. Only patients with SDB (apnoea-hypopnoea index
[AHI] >15 events-h™!) were eligible for randomisation to the ASV
(AutoSet™ CS-PaceWave, ResMed Corp., San Diego, CA, USA) or con-
trol group. Only patients with analysable blood samples at baseline and
12-week follow-up were assessed.

All patients provided written informed consent. The trial was
approved by the institutional ethics committee (Ethikkommission der
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Universitat Regensburg, approval number 11-101-0229) and conducted
in accordance with the Declaration of Helsinki.

2.2. Laboratory testing

Venous blood samples were drawn during the first 2 h after morning
awakening, 3-5 days after PCI, but before treatment with ASV and at the
12-week follow-up. The plasma samples were shipped under refrigera-
tion and stored at —80 °C in one centre. The levels of human IL-6, IL33-
R, and MMP-9 were then analysed in available plasma samples using a
commercially available ELISA kit (R&D Systems DuoSets). The assay
range of the ELISA kit for IL-6 in undiluted plasma was 9.4-600 pg m1 ..
The plasma was diluted 100x for IL-33R and 500x to measure the levels
of MMP-9, with an assay range of 31.2-2000 pg ml~ 1. All values were
calculated as the mean of two different measurements from the same
panel to account for intra-assay variabilities. Hs-CRP, fibrinogen, NT-
proBNP, CA-125, and PIIINP were measured directly after blood sam-
pling in an assigned central laboratory of each centre separately.
Notably, PIIINP was quantified via radioimmunoassay (RIA-gnost®
PIIIP, Cisbio Bioassays) and an ELISA kit (Cisbio Bioassays) due to the
discontinuation of the radioimmunoassay method in one centre. Refer-
ence values, according to Cisbio Bioassays, ranged from 0.3 to 0.8 U
ml~l. According to the manufacturer’s recommendation, all values
measured with the ELISA kit (ug-17!) were divided by a factor of 8 for
conversion in units of the enzyme’s catalytic activity (U-ml™1).

2.3. Polygraphy

Polygraphy (SOMNOscreenTM plus RC, SOMNOmedics, Rander-
sacker, Germany) was performed within 3 days after PCI and at the 12-
week follow-up visit in both groups [3,27]. The cardiorespiratory study
consisted of a pressure cannula, thoracic and abdominal respiratory
effort measures, oxygen saturation, ECG, recording of body position,
light detection, and a patient marker. All the data were analysed in the
central lab to ensure consistency and quality. Apnoeas and hypopnoeas
were scored according to the American Academy of Sleep Medicine
(AASM) 2012 criteria by one experienced sleep technician blinded to the
clinical data [27]. SDB was defined as an apnoea-hypopnoea index (AHI)
>15 events-h~! based on total recording time. The patients were further
categorized as predominantly OSA (> 50 % of apnoeas obstructive) or
predominantly CSA (<50 % of apnoeas obstructive).

2.4. Outcomes

The primary outcome of this ancillary analysis is the change in
circulating levels of biomarkers (hs-CRP, fibrinogen, IL-6, IL-33R, NT-
proBNP, CA-125, PIIINP, and MMP-9) between baseline and 12 weeks
in patients randomised to early ASV treatment in addition to standard
care for AMI patients and standard care alone (control).

2.5. Statistical analysis

Differences in the circulating levels of biomarkers at baseline and 12
weeks were analysed using the Mann-Whitney U test. The Wilcoxon
signed-rank test was performed to compare the results of the initial and
repeated measurements. A subgroup analysis of individuals with
average ASV usage of >4 h per night versus the control group was car-
ried out to account for ASV adherence. In addition, subgroup analyses
examining the effects of expiratory positive airway pressure (EPAP) in
the ASV group versus the control group were performed. The high (> 6.1
cmH50) and low (<6.1 cmH>0) EPAP groups were defined according to
the median EPAP. The association between expiratory positive airway
pressure (EPAP) and circulating biomarkers was assessed by Spearman’s
correlation. The Spearman correlation coefficient (rg) indicates an as-
sociation of ranks. Descriptive data are expressed as the means =+ stan-
dard deviations (SD), medians with interquartile ranges (IQR), or
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frequencies and percentages of each category. The sample size of this
ancillary study was restricted to available measurements of the local
central laboratory or collected blood samples and not to a prospective
effect size calculation. Two-sided p < 0.05 was defined as statistically
significant. Statistical analysis was performed in SPSS (SPSS Statistics
for Mac OS, Version 29.0 Armonk, NY: IBM Corp.) and GraphPad Prism
(Version 9.51 for Windows, GraphPad Software, La Jolla California
USA).

3. Results
3.1. Study population

Seventy-nine patients with first-time AMI after successful revascu-
larization were enrolled and further randomised to the ASV (n = 42) or
control (n = 37) group. There were no serious treatment-related adverse
events during the study. Analysable blood samples, both at baseline and
at 12 weeks, were available for 20 patients in the ASV group and 20
patients in the control group (Fig. 1). The ASV group did not differ from
the control group with respect to demographics, hemodynamic param-
eters, comorbidities, key AMI-specific parameters or medication at
discharge (Table 1). The study population was predominantly male (80
%), with a mean age of 60 + 9 years.

Polygraphy and CMR findings at baseline were comparable between
the two groups, except for CSA, which was numerically more prevalent
in the ASV group (Table 2). The mean AHI was 35.5 + 19.7 h’l, indi-
cating predominantly severe sleep apnoea among participants. In gen-
eral, the left ventricular ejection fraction was preserved (50 + 11 %),
with relative infarct size of 15 4+ 7 (% left ventricular mass). Blood at
baseline was drawn 3.5 + 0.2 days after AMI and at 12 weeks. Analo-
gous to the findings of the main TEAM-ASV I cohort [3], NT-proBNP and
the glomerular filtration rate (GFR) were similar at baseline in both
groups (Table 2).

3.2. Effect of ASV treatment on inflammation

Hs-CRP and fibrinogen declined in both groups, and this decline was
similar in the ASV and control groups (Fig. 1, Table 3). Compared with
that in the ASV group, the reduction of IL-33R in the control group was
greater (Table 3, Fig. 1). The change in IL-6 was similar in the ASV and
control groups (Table 3, Fig. 1).
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Table 1
Baseline demographics and clinical characteristics of patients with paired blood
sample data at baseline and at the 12-week follow-up.

Total (n = ASV (n = 20) Control (n =
40) 20)
Age, years 60 +9 59 +£10 61 £9
Body mass index, kg-m—2 30.8 + 6.1 29.6 +£3.3 32.0 +£8.0
Male sex 32 (80 %) 16 (80 %) 16 (80 %)
Heart rate, beats-min* 74 £ 15 71 £13 77 £ 17
Systolic blood pressure, 119 + 13 118 £ 12 120 +£ 15
mmHg
Diastolic blood pressure, 73+9 72+9 73 + 10
mmHg
Hypertension 26 (65 %) 12 (60 %) 14 (70 %)
Current smoker 17 (42.5 %) 8 (40 %) 9 (45 %)
Diabetes mellitus 6 (15 %) 3 (15 %) 3 (15 %)
Hypercholesterolaemia 19 (47.5 %) 9 (45 %) 12 (60 %)
Symptom-to-balloon time, h 4.1 (2.7-8.1) 3.6 4.8 (2.9-7.1)
(2.5-11.2)
Non-ST elevation 6 (15.4 %) 4 (20 %) 2 (10.5 %)
Culprit lesion
Left main artery 1 (2.5 %) 15 %) 0 (0 %)
LAD artery 24 (60 %) 12 (60 %) 12 (60 %)
Circumflex artery 9 (22.5 %) 6 (30 %) 3 (15 %)
Right coronary artery 25 (62.5 %) 12 (60 %) 13 (65 %)
TIMI flow before PCI
Grade 0 32 (80 %) 16 (80 %) 16 (80 %)
Grade 1 6 (15 %) 2 (10 %) 4 (20 %)
Grade 2 2(5%) 2 (10 %) 0 (0 %)
TIMI flow after PCI
Grade 2 4 (10 %) 0 (0 %) 4 (20 %)
Grade 3 36 (90 %) 20 (100 %) 16 (80 %)
Thrombus aspiration 8 (20 %) 3 (15 %) 5 (25 %)
Glycoprotein IIb/Illa inhibitor 10 (25 %) 5 (25 %) 5 (25 %)
Medication at discharge
Aspirin 38 (95 %) 20 (100 %) 18 (90 %)
ADP receptor inhibitor 39 (97.5 %) 20 (100 %) 19 (95 %)
B-blocker 32 (80 %) 17 (85 %) 15 (75 %)
ACE inhibitor/ARB 36 (90 %) 3 (15 %) 19 (95 %)
Statin 40 (100 %) 20 (100 %) 20 (100 %)
Spironolactone 15 (37.5 %) 5 (25 %) 10 (50 %)

The values are presented as the means + standard deviations, medians [inter-
quartile ranges], or numbers of patients (%).

ACE, angiotensin-converting enzyme; ADP, adenosine diphosphate; ARB,
angiotensin receptor blocker; ASV, adaptive servo-ventilation; LAD, left anterior
descending; PCI, percutaneous coronary intervention; TIMI, thrombolysis in
myocardial infarction.
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Fig. 1. Changes in circulating biomarkers between baseline and the 12-week follow-up. Only IL-33R decreased more in the control group than in the ASV group.
ASV: adaptive servo-ventilation; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IL33-R, interleukin-33 receptor; NT-proBNP, N-terminal pro B-type
natriuretic peptide; CA-125, antigen carbohydrate-125; PIIINP, procollagen III type aminoterminal propeptide; MMP-9, matrix metalloproteinase-9.
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Table 2
Polygraphy, CMR and blood work findings at baseline (evaluated patients).

Sleep Medicine 133 (2025) 106620

Total (n = 40) ASV (n = 20) Control (n = 20)
Polygraphy findings
Apnoea-hypopnoea index, events-h ™ 35.5 +19.7 37.0 + 21.4 34.1 +18.2
Apnoea index, events-h ™ 26.1 +£19.9 26.7 +21.8 25.6 + 18.4
Central apnoea index/apnoea index, % 41.9 +£29.5 46.9 + 29.5 37.0+29.4
Central sleep apnoea 17 (43) 11 (55) 6 [30]
Oxygen desaturation index, events-h™? 26.4 + 20.0 28.4 + 22.8 24.3 +17.0
Time with oxygen saturation <90 %, %TRT 11.5+ 151 10.6 + 13.4 12.5+17.0
Minimum oxygen saturation, % 81.5+ 6.6 82.7 + 4.4 80.3 +8.1
Total recording time, h 7.9 +£0.8 8.0+ 0.8 7.8+ 0.8
CMR findings
Infarct size, %LVM 15+7 16 £ 9 14+6
LVEF, % 50 +£11 51+9 48 + 12
Blood work

979 (486-1692)
71 (56-82)

NT-proBNP, ng-ml~!
GFR, ml-min~(1.73 m»~!

1040 (467-1599)
69 (57-80)

967 (486-1694)
75 (52-83)

The values are presented as the means + standard deviations, medians [interquartile ranges], or numbers of patients (%). ASV, adaptive servo-ventilation; GFR,
glomerular filtration rate; LVEF, left ventricular ejection fraction; LVEDVI, left ventricular end-diastolic volume; LVESVI, left ventricular end-systolic volume; LVM: left
ventricular mass; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TRT, total recording time.

3.3. Effects of ASV treatment on fluid overload

Despite the numerically lower levels of CA-125 after 12 weeks in
both groups, no significant difference in the change in CA-125 was found
between the ASV group and the control group (Table 3, Fig. 1).
Furthermore, the change in NT-proBNP levels from baseline to 12 weeks
was similar in both groups (Table 3, Fig. 1). In contrast, the level of IL-
33R, a marker of fluid overload, decreased more in the control group, as
indicated above.

3.4. Effects of ASV treatment on fibrosis

The levels of PIIINP increased at 12 weeks in both groups, but the
change in PIIINP was similar (Table 3, Fig. 1). Furthermore, no relevant
difference in the change in the levels of MMP-9 was observed across the
groups (Table 3, Fig. 1).

3.5. Subgroup analysis based on ASV device usage

Eleven out of the 20 participants who were allocated to the ASV
group showed average ASV usage of >4 h per night at the 12-week
follow-up. The levels of all measured biomarkers from baseline to the
12-week follow-up did not differ between the groups (Table S1). The
levels of IL-33R decreased more in the control group. However, this
difference was not significant (p = 0.066; Table S1).

3.6. Subgroup analysis of patients based on applied EPAP

In the high-EPAP subgroup, the level of IL-33R decreased more in the
control group than in the ASV group (Table S2). In contrast, no differ-
ence in the change in IL-33R was observed in the low-EPAP subgroup
(Table S2). IL-33R was strongly but not significantly correlated with
higher levels of EPAP (p = 0.10, rs = 0.41; Table S3). A similar trend was
observed for CA-125 (p = 0.08, rg = 0.47; Table S3).

4. Discussion

In this ancillary analysis of the TEAM-ASV I trial, we found that ASV
treatment in the early phase after AMI in patients with SDB (be it OSA or
CSA) did not show any consistent effect with respect to changes in
circulating biomarkers of inflammation, fluid overload, or fibrosis over
12 weeks. In contrast to the low-EPAP subgroup, the high-EPAP sub-
group showed a smaller decrease in IL-33R levels in comparison to the
control group.

Our findings in AMI patients are in line with published literature

regarding the role of positive airway pressure, such as CPAP or ASV
treatment, on circulating biomarkers of inflammation, fluid overload, or
fibrosis [28,29]. To date, the effects of ASV treatment have been studied
in patients with central sleep apnoea and severe heart failure with a
reduced ejection fraction but without AMI [30]. A substudy of the
SERVE-HF trial assessed NT-proBNP, troponin I, troponin T, IL-33R,
galactin-3, cystatin C, neutrophil gelatinase-associated lipocalin
(NGAL), hs-CRP, and tumor necrosis factor (TNF)-a in patients with CSA
and chronic heart failure but did not demonstrate any significant dif-
ferences in changes in these biomarkers between the ASV group and the
control group after 12 months [29] (Table 4).

Additionally, an ancillary biomarker analysis of the RICCADSA trial,
which randomised patients with coronary artery disease (CAD) after
successful revascularization [31] for continuous positive pressure ther-
apy (CPAP), revealed no effect on the circulating levels of IL-6, IL-8,
TNF-a, and hs-CRP over 12 months after revascularization [28]
(Table 4).

Interestingly, another ancillary analysis of the RICCADSA trial
revealed a possible detrimental effect of higher pressure applied on
CPAP therapy due to lung hyperinflation, which in turn contributes to
lung endothelial and epithelial inflammation [32].

Our results may strengthen this hypothesis because only the sub-
group with high EPAP presented a smaller decrease in IL-33R than did
the control group. Moreover, higher EPAP levels are strongly correlated
with higher levels of IL-33R and CA-125, both of which are involved in
the inflammatory response and cardiac congestion [14,33,34]. In addi-
tion, higher EPAP may indicate more severe and less easily controlled
sleep apnoea events. However, this assumption warrants further inves-
tigation, as ASV therapy applies variable inspiratory pressure support,
which differs from CPAP [27]. Interestingly, in a SERVE-HF substudy, of
all 276 measured circulating protein biomarkers at baseline, IL-33R was
identified as a biomarker of significant prognostic relevance if it was
added to the best clinical model [35].

In view of the existing evidence from these two abovementioned
randomised control trials, we assume that similar changes in circulating
biomarkers in both groups over 12 weeks in the present study may be
driven mostly by the natural post-AMI course and standard-care therapy
followed by ASV treatment.

Some limitations should be noted. First, the TEAM-ASV I trial aimed
to investigate the effect of ASV treatment on myocardial salvage index;
therefore, the randomisation procedure was not designed to account for
the dynamic course of baseline and follow-up values of biomarkers.
Given the different dynamics of circulating biomarkers, peak values
occur frequently 12-24 h after the onset of infarction, followed by a
rapid reduction, as observed for IL-33R [19]. The IL-6 peak was reported
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Table 3

Serum biomarkers of inflammation, volume overload, and fibrosis from baseline to 12 weeks.

Sleep Medicine 133 (2025) 106620

All (n = 40) ASV (n = 20) Control (n = 20)
Median (25 %, 75 %) n Median (25 %, 75 %) n Median (25 %, 75 %) n p
hs-CRP (mg-171)
o Baseline 19.0 (11.5, 37.0) 39 15.8 (11.8, 33.5) 20 20.7 (8.4, 66.1) 19
o 12 weeks 2.9 (1.6, 2.9) 40 2.9 (1.5, 2.9) 20 2.9 (2.1, 3.3) 20
o Change —16.4 (-34.1, -5.8) 39 —12.3 (-32.5, -6.0) 20 —17.7 (-54.8, -5.5) 19 0.38
P <0.001 <0.001 <0.001
Fibrinogen (g17")
o Baseline 487 (429, 589) 37 522 (446, 579) 19 464 (411, 621) 18
o 12 weeks 346 (298, 420) 39 397 (324, 421) 20 326 (282, 367) 19
o Change —150 (-211, -89) 36 —158 (-202, -92) 19 —128 (-243, -85) 17 0.80
P <0.001 <0.001 <0.001
IL-6 (pg-ml~Y)
o Baseline 28.19 (6.39, 41.68) 36 28.08 (5.45, 45.11) 19 28.29 (7.34, 35.54) 17
o 12 weeks 26.58 (7.38, 46.65) 35 24.28 (17.94, 44.25) 17 28.85 (6.72, 46.65) 18
o Change 1.22 (-10.40, 9.16) 33 —2.78 (-14.75, 9.16) 17 1.96 (-0.10, 11.36) 16 0.29
P 0.62 0.52 0.11
IL-33R (ng-ml~!)
o Baseline 12.10 (8.58, 14.67) 40 10.59 (6.49, 13.12) 20 12.95 (9.33,17.13) 20
o 12 weeks 8.38 (6.51, 11.97) 40 8.56 (6.40, 13.69) 20 8.25 (6.51, 10.13) 20
o Change —3.28 (-5.19, -0.79) 40 —1.94 (-3.88, 1.56) 20 —4.30 (-6.46, -2.02) 20 0.02
P 0.002 0.35 <0.001
NT-proBNP (pg-ml~?)
o Baseline 979 (486, 1692) 39 1040 (467, 1599) 20 967 (489, 1694) 19
o 12 weeks 314 (130, 457) 40 238 (103, 370) 20 372 (192, 890) 20
o Change —714 (-1255, -302) 39 —714 (-1406, -265) 20 —714 (-1255, -302) 19 0.97
P <0.001 <0.001 <0.001
CA-125 (nmol 171)
o Baseline 10.3 (7.8, 15.6) 32 10.3 (7.4, 15.3) 17 11.4 (8.7, 15.8) 15
o 12 weeks 8.2(6.3,11.7) 37 8.2 (7.1, 10.0) 17 8.5(6.3,13.1) 20
o Change —1.1 (-4.0, 0.5) 31 —1.0 (-4.1,1.1) 16 —2.0 (-3.7, 0.2) 15 0.86
P 0.051 0.18 0.20
PIIINP (U-ml™")
o Baseline 0.50 (0.40, 0.61) 36 0.56 (0.40, 0.66) 19 0.44 (0.40, 0.50) 17
o 12 weeks 0.65 (0.50, 0.83) 39 0.63 (0.49, 0.77) 20 0.67 (0.50, 0.85) 19
o Change 0.14 (0.00, 0.25) 35 0.14 (-0.08, 0.20) 19 0.16 (0.04, 0.26) 16 0.29
P <0.001 0.02 0.001
MMP-9 (ng-ml ")
o Baseline 754 (550, 957) 35 836 (704, 987) 18 588 (457, 902) 17
o 12 weeks 560 (415, 709) 37 564 (453, 767) 19 505 (339, 706) 18
o Change —197 (-468, -56) 35 —194 (-462, -72) 18 —204 (-468, 69) 17 0.99
P 0.004 0.03 0.07

Hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IL33-R, interleukin-33 receptor; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CA-125, an-
tigen carbohydrate-125; PIIINP, procollagen III type aminoterminal propeptide; MMP-9, matrix metalloproteinase-9.

to occur approximately 72 h after the onset of infarction [36]. A
sequential pattern was found for PIIINP, with a peak occurring during
the first 1-4 h and at days 3-5 [17,37], and a similar biphasic pattern of
NT-proBNP was reported to occur in approximately half of the patients
[13]. Moreover, for some biomarkers, there are no data on dynamics
after AMI (CA-125, MMP-9) [15]. Second, some biomarkers were
measured prospectively according to the study protocol in each centre

separately and later unified to represent the same units. Some values
were missing, conferring a potential selection bias in each analysis.
Third, circulating biomarkers reflect synthesis throughout the organism
and therefore cannot be restricted to the myocardium alone. Fourth, we
used polygraphy rather than polysomnography for diagnosis and
monitoring of ASV treatment, which is not the standard method and
therefore may have limited accuracy. The results of the study should be

Table 4
Main characteristics and results of randomised trials with measurements of circulating biomarkers at baseline and follow-up.
Trial name Nr. of Participants Phenotype of Type of Intervention  Follow-up Circulating Biomarkers Overall
(Treatment/Control) Patients SDB (months) Effect
TEAM-ASV 1 20/20 STEMI/non- OSA/ ASV 3 hs-CRP, fibrinogen, IL-6, IL-33R, NT-proBNP, neutral
STEMI CSA CA-125, PIIINP, MMP-9
SERVE-HF 153/159 Severe chronic CSA ASV 12 NT-proBNP, Tnl, TnT, IL-33R, galactin-3, neutral
[29] HFrEF cystatin C, NGAL, hs-CRP, TNF-a
RICCADSA 105/115 CAD (ca. 50 % OSA CPAP 12 IL-6, IL-8, TNF-a, hs-CRP neutral
[28] AMI)

AMI, acute myocardial infarction; CAD, coronary artery disease; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; IL33-R, interleukin-33 receptor; NGAL,
neutrophil gelatinase-associated lipocalin; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CA-125, antigen carbohydrate-125; PIIINP, procollagen III type
aminoterminal propeptide; MMP-9, matrix metalloproteinase-9; TNF-qa, tumor necrosis factor; TnT, troponin.
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interpreted in light of the limited diagnostic accuracy of polygraphy in
distinguishing between OSA and CSA. Fifth, ASV usage was generally
low, likely due to the minimal or absent symptoms associated with SDB
in this patient population. Sixth, similar to previous studies the study
population is predominantly male according to the epidemiology of AMI
[38] and sleep apnoea [39]. Therefore, much larger studies would be
necessary to study the effects in women. Last, the final sample size fell
below the calculated target due to issues attributable to the COVID-19
pandemic and slow recruitment at the beginning of the study. This
limits the statistical power for between-group comparisons of effects on
circulating biomarkers.

5. Conclusions

In conclusion, the findings of this ancillary analysis did not provide
consistent evidence that treatment of SDB in the early phase after AMI
with ASV has a clinically relevant short-term effect on circulating bio-
markers of inflammation, fluid overload, or fibrosis. Further larger
randomised clinical trials are warranted to validate these preliminary
findings.
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