RESPIRATORY SCORING AND CLASSIFICATION OF SDB IN CHRONIC HEART FAILURE
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Study Objectives: To evaluate the effect of respiratory scoring criteria on diagnosis and classification of sleep disordered breathing (SDB) in
chronic heart failure (CHF).

Design: Cross-sectional observational study.

Setting: Heart failure and general cardiology clinics at two London hospitals.

Patients or Participants: One hundred eighty stable patients with CHF and a median age of 69.6 y, 86% male.

Interventions: SDB was diagnosed by polysomnography. The apnea-hypopnea index (AHI) was initially scored using a conservative hypopnea
definition of a = 50% decrease in nasal airflow with a = 4% oxygen desaturation. The AHI was rescored with hypopnea defined according to the
American Academy of Sleep Medicine (AASM) alternative scoring rule, requiring an associated = 3% oxygen desaturation or arousal. SDB was
defined as AHI = 15/h. Diagnosis and classification of SDB as obstructive sleep apnea (OSA) or central sleep apnea (CSA) with each rule were
compared. The effect of mixed apneas on classification of SDB as CSA or OSA was also investigated.

Measurements and Results: Median AHI increased from 9.3/h to 13.8/h (median difference 4.6/h) when the AASM alternative rule was used to
score hypopneas. SDB prevalence increased from 29% to 46% with the alternative scoring rule (P < 0.001). Classification of SDB as OSA or CSA
was not significantly altered by hypopnea scoring rules or the categorization of mixed apneas.

Conclusion: Hypopnea scoring rules can significantly influence the apnea-hypopnea index and diagnosis of sleep disordered breathing in chronic
heart failure but do not alter the classification as obstructive sleep apnea or central sleep apnea. Standardization of hypopnea scoring rules is

important to ensure consistency in diagnosis of sleep disordered breathing in chronic heart failure patients.
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INTRODUCTION

Sleep disordered breathing (SDB) is prevalent in patients
with chronic heart failure (CHF)."* However, the absence of
classic symptoms such as daytime sleepiness** makes diagnosis
and treatment difficult in patients with CHF. An apnea-hypopnea
index (AHI) > 15 events per hour is typically used as the cutoff
for diagnosis and treatment of SDB in CHF®? but this index is
dependent on the criteria used to identify respiratory events.

Respiratory scoring rules are known to influence diagnosis
of obstructive sleep apnea (OSA)'*'* and an important source
of variation is the definition of hypopnea.''*'* Although a
number of criteria have been used to score hypopnea in CHF
(Table 1), the influence of respiratory scoring rules on diag-
nosis of SDB in patients with CHF is unknown. The first goal
of this study was to investigate the effect of two hypopnea
scoring rules on the AHI and prevalence of SDB in CHF. We
tested the hypothesis that the diagnosis of SDB would be made
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in a significantly greater number of patients with CHF when
hypopneas were scored using the American Academy of Sleep
Medicine (AASM) “alternative” rule requiring an associated
> 3% oxygen desaturation or electroencephalographic (EEG)
arousal,'® compared with a more conservative hypopnea defini-
tion requiring a corroborative > 4% oxygen desaturation.'’

The classification of SDB as OSA or central sleep apnea
(CSA) is important when determining treatment options in
CHE."® Scoring criteria may also influence the classification of
SDB if they result in preferential scoring of central or obstruc-
tive respiratory events. Central apneas are reported to be associ-
ated with less marked oxygen desaturation than obstructive and
mixed apneas.'*?' Therefore, a hypopnea definition requiring a
lesser corroborative oxygen desaturation may favor the scoring
of central hypopneas, which would systematically bias the clas-
sification of SDB toward CSA. The second goal of this study
was to evaluate whether the use of the two different hypopnea
scoring criteria would result in a shift in classification of SDB
from OSA to CSA. We tested the hypothesis that classification
of SDB as OSA or CSA would not be changed by the use of two
different hypopnea scoring rules.

A third area of uncertainty in the diagnosis of SDB in CHF
relates to the effect of mixed apneas on classification of SDB.
Mixed apneas contain features of both obstructive and central
apnea in the same event. Although some consider they are part
of the OSA syndrome,?” mixed apneas are typically categorized
as central apneas in patients with CHF.** It is not known if
these differences in categorization influence the classification
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Type of SDB
Number of sleep diagnostic
Author, year patients study criteria (AHI)
Javaheri et al., 1998' 81 NPSG = 15/h
Ferrier et al., 2005% 53 NPSG >10/h
Oldenburg et al., 20072 700 PG > 15/h
Vazir et al., 2007° 55 NPSG >15/h
MacDonald et al., 2008% 108 PG >15/h
Yumino et al., 2009% 218 NPSG >15/h
Paulino et al., 2009% 316 PG >10/h
sleep disordered breathing.

Table 1—Hypopnea scoring criteria used in studies reporting the prevalence of sleep disordered breathing in chronic heart failure

Reduction in breathing signal with > 3% oxygen desaturation or arousal ~ 68
= 50% reduction in breathing signal with = 4% oxygen desaturation 51

> 50% reduction in airflow with = 4% oxygen desaturation or heartrate 61

AHI ,apnea hypopnea index; CSA, central sleep apnea; NPSG, nocturnal polysomnography; OSA, obstructive sleep apnea; PG, respiratory polygraphy; SDB,

SDB
Hypopnea scoring criteria (%)
Reduction in airflow with = 4% oxygen desaturation or arousal 51

= 50% reduction in airflow with = 4% oxygen desaturation 53

defined arousal
> 50% reduction in airflow 47
> 30% reduction in airflow with > 4% oxygen desaturation 81

of SDB. The third goal of this study was to evaluate the effect
of mixed apneas on the classification of SDB in CHF. We tested
the hypothesis that categorization of mixed apneas as central or
obstructive apneas does not significantly change the classifica-
tion of SDB as CSA or OSA in patients with CHF.

The data analyzed for this study were collected during a
research project to investigate the utility of single-channel
portable monitors for diagnosis of SDB in CHF.*

METHODS

Stable patients with CHF attending cardiology clinics were
invited to participate in this study irrespective of clinical suspi-
cion of SDB. CHF was diagnosed in accordance with European
guidelines.” Criteria for inclusion were age 18-90 y and no
hospitalization or change in medication for > 4 weeks. Patients
receiving treatment for SDB were excluded. Written informed
consent was given by all patients before participation and ethical
approval for this research was received from the Brompton,
Harefield, and NHLI research ethics committee (COREC 07/
Q0404/32).

SDB was diagnosed by nocturnal polysomnography (SOMNO-
screen, SOMNOmedics, Randersacker, Germany). Electroen-
cephalogram, electrooculograms, and submental electromyogram
(EMG) were recorded for analysis of sleep. Thoracoabdominal
movements were monitored using respiratory inductance plethys-
mography belts (Sleepsense, SLP Inc., St. Charles, Illinois, USA).
Nasal pressure measurement was used to detect airflow and
oxygen saturation was recorded by finger pulse oximeter. Snoring
was detected with a tracheal microphone. Bilateral anterior tibi-
alis EMG was monitored for identification of leg movements and
body position was recorded by the SOMNOscreen recording unit.
Polysomnography was performed in the patient’s own home or in
the hospital sleep laboratory according to the patient’s preference.
There were 132 patients (73%) who opted for polysomnography
to be performed in their home.

Anthropometric measurements and clinical interview were
completed before the sleep study. Subjective daytime sleepi-
ness was quantified with the Epworth Sleepiness Scale (ESS).*
A single maintenance of wakefulness test (Oxford Sleep Resis-
tance; OSLER test) was performed on the morning after poly-
somnography.?’” Heart failure severity was assessed using the
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New York Heart Association (NYHA) classification,”® assay of
brain natriuretic peptide (BNP) (Triage BNP, Biosite Inc, San
Diego, California, USA), and echocardiographic assessment of
cardiac size and function.

All polysomnography studies were analyzed by one investi-
gator (VR) who was unaware of the clinical status of the patient
or involved with recording of the data. Sleep and arousals were
scored according to standard criteria.'® Apnea was scored when
nasal airflow reduced to < 10% of baseline for> 10 sec. Obstruc-
tive apneas were scored when the thoracoabdominal effort
signals showed continuing respiratory excursions and central
apnea was scored when respiratory efforts were absent.'® Mixed
apnea was scored when respiratory effort was absent during
the first half of the apnea but three or more obstructed breaths
occurred before resumption of airflow.”

Hypopneas were initially scored when the amplitude of the
nasal airflow signal decreased > 50% for > 10 sec in associa-
tion with a > 4% oxygen desaturation (hereafter referred to as
‘hypopnea rule 1”). Hypopneas were categorized as obstructive
when snoring, flattening of the nasal pressure inspiratory signal,
or out-of-phase deflections on the thorax and abdomen movement
signals occurred during the event®; central hypopnea was scored
when all of these features were absent. After calculation of the
AHI using hypopnea rule 1, the PSG was reanalyzed using the
AASM “alternative” hypopnea scoring rule, which requires a >
50% reduction in airflow with an associated > 3% oxygen desatu-
ration or EEG arousal (hereafter referred to as ‘hypopnea rule 2°).
SDB was defined as an AHI > 15 events/h and classified as OSA
or CSA according to the predominant type of respiratory event.

As the quality of the pulse oximeter signal was fundamental to
differentiating hypopneas scored by each rule, patients with less
than 240 min of technically adequate oximetry recording during
polysomnography were excluded from the hypopnea analysis.
However, because apneas did not require an associated oxygen
desaturation to be scored, these participants were not excluded
from the mixed apnea analysis. Hypopnea scoring rule 2 was used
for measurement of the AHI during the mixed apnea analysis.

Statistical Analyses
Because respiratory event indices were not parametrically
distributed, results are presented as median and interquartile
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range (IQR). Where the distribution of the data could not be
indicated using the IQR due to occurrence of events in < 25%
of patients, values are presented as median and range, or mean
and standard deviation (SD).

Comparison of continuous variables between two indepen-
dent groups was performed with the Mann-Whitney U test.
The Wilcoxon signed-rank test was used to compare repeated
measurements of the AHI, hypopnea index, and proportion of
respiratory events measured with each hypopnea rule. Categor-
ical variables were compared using the chi-square test or Fisher
exact test. The McNemar test was used to compare the number
of patients with CHF in whom SDB was diagnosed using each
hypopnea rule. The proportion of patients with CHF classified
as having CSA and OSA was compared using the chi-square
test. Statistical analyses were performed using SPSS V18.0
(IBM, Chicago, IL, USA).

RESULTS

There were 354 patients with CHF identified who fulfilled
the recruitment criteria, 180 of whom consented to partici-
pate in the study and underwent nocturnal polysomnography.
Median age was 69.6 y (58.9-76.6 y), body mass index 29.1
(25.4-32.7) kg/m?, and 86% were male (Table 2). One hundred
fifty-four patients (86%) had mild to moderate symptoms
of CHF (New York Heart Association class II and III) with
median left ventricular ejection fraction 41% (29-58%) and
BNP concentration 125 (55-247) pg/mL. Subjective and objec-
tive measurements of daytime sleepiness were normal in most
patients with CHF, with median ESS of 7 (4-10) and OSLER
duration of 40 min (27.5-40 min). The median total sleep time
during polysomnography was 348 min (279-399 min) with
predominantly light sleep and a median arousal index of 19.2/h
(13.5-26.7/h) (Table 2). Periodic limb movements during sleep
occurred frequently with an index of 13.3/h (2.6-42.9/h).

Diagnosis of SDB in CHF Using Two Different

Effect of Hypopnea Scoring Rules on Classification of SDB in CHF

Assignificantly greater number of both obstructive (P <0.001)
and central hypopneas (P < 0.001) were scored using hypopnea
rule 2 compared with hypopnea rule 1 (Table 3). The median
increase in the obstructive hypopnea index was 2.5 events/h

Table 2—Clinical characteristics and polysomnographic measurements
of sleep in patients with chronic heart failure (n = 180)

Characteristic Value
Age, years 69.6 (58.9-76.6)
Male, n (%) 154 (86)

Body mass index, kg/m?
Neck circumference, cm 40 0 (38.0-43.0)
Diabetes, n (%) 46 (26)
COPD/asthma, n (%) 37 (21)
Atrial fibrillation, n (%) 55 (31)
NYHA classification, I/1I/Il/IV 24/1 13/41/2
Left ventricular ejection fraction, % 41 (29-58)
Brain natriuretic peptide, pg/mL (55-247)
Epworth Sleepiness Scale Score 7 (4-10)
OSLER duration, min (27.5-40.0)
Total sleep time, min (279-399)
Stage 1 sleep, % TST 28 (17-44)
38 (
1"
19 (
(
(

29.1(25.4-32.7)

125
40.0
348
Stage 2 sleep, % TST 26-48)
Deep sleep, % TST 6-18)

Rapid eye movement sleep, % TST 14-24)

Arousal index, events/h 19.2 (13.5-26.7)
Periodic limb movement index, /h 13.3(2.6-42.9)

Values shown are median (interquartile range), or number (%) of patients.
COPD, chronic obstructive pulmonary disease; NYHA, New York Heart
Association; OSLER, Oxford Sleep Resistance; TST, total sleep time.

Hypopnea Scoring Rules

One hundred seventy patients with CHF had tech-
nically adequate oximetry data and were included in
the hypopnea analysis.

The median AHI scored with hypopnea rule 1 was
9.3 events/h (4.0-19.3 events/h), compared with 13.8
events/h (7.5-26.3 events/h) with hypopnea rule 2
(P < 0.001; Table 3). The mean difference between
the AHI scored with each hypopnea rule was 4.6
events/h, with 95% limits of agreement of -1.9 to 11.2
events/h (Figure 1).

SDB was diagnosed in 50 patients with CHF
(29%) when the AHI was scored with hypopnea rule 1
(Table 3). The number of patients with CHF in whom
SDB was diagnosed increased significantly to 78
(46%) when hypopnea rule 2 was applied (P < 0.001
by McNemar test; Figure 2).

Using hypopnea scoring rule 1, the median 4%
hypopnea index was significantly lower at 5.1 events/h
(2.4-11.7 events/h), compared with 9.9 events/h (5.8-
17.3 events/h) when hypopnea scoring rule 2 was
applied (P < 0.001) (Table 3). Most SDB events were
hypopneas and median apnea index was 1.7/h.

Difference between AHI with
each Hypopnea Scoring Rule

Figure 1—Difference versus average plot to show difference between apnea-hypopnea
index (AHI) scored with the two hypopnea rules as a function of mean AHI. SD, standard
deviation.
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Table 3—Comparison of respiratory event frequency and diagnosis of sleep disordered breathing in P ajuent \flh;n hypopneas were scored
patients with chronic heart failure using different hypopnea scoring criteria (n = 170) using rule <.
Hypopnea rule 1 Hypopnea rule 2 Effect of Mixed Apnea Categorization
Parameter (4% scoring criteria) (3% scoring criteria) P2 on Classification %f SDB in%HF
Apnea-hypopnea index, /h 9 3 (4.0-19.3) 13.8 (7.5-26.3) <0.001 One hundred eighty patients with
Apnea |nde.x, h 7(0.3-7.1) 7(0.3-7.1) CHF were included in the mixed apnea
Hypopnea mdex, h (2 4-11. 7) 9 58-173) <0.001 analysis with AHI 13.4/h (72-258/h)
Obstructive hypopnea Index, /h .1(0.6-8.0) 5(2.1-12.6) <0.001 SDB was diagnosed in 80 patients
Central hypopnea Index, /h 4(0-2.2) 1(0-4.2) 0.007 (44%) and classified as OSA in 55
Proportion of events obstructive, % 86 (50-98) 5 (46-98) 0.60 patients (31%) and CSA in 25 patients
Proportion of events central, % 12 (1-50) 4 (2-51) 0.77 (14%). In most patients with SDB,
Patients with SDB, n (%) 50 (29) 8 (46) <0.001 there was a predominance of either
Patients with OSA, n (%) 32(19) 4 (32) <0.001 obstructive or central SDB events and
Patients with CSA, n (%) 18 (11) 4 (14) <0.03 a clear distinction between OSA and
CSA (Figure 3).

%P value shown for difference between hypopnea rule 1 and hypopnea rule 2. Values shown are median The median apnea index in patients

(interquartile range), or number (percent) of patients (n, %). CSA, central sleep apnea; OSA, obstructive with CHF was 1.9/h (0.3-7.2/h) with

sleep apnea; SDB, sleep disordered breathing. predominantly obstructive apneas

(0.8-4.6 events/h) and the central hypopnea index increased
by 0.4 events/h (0 to 2.0 events/h). In accordance with the
greater number of patients in whom SDB was diagnosed using
hypopnea rule 2, there was a significant increase in the absolute
number of patients with CHF in whom OSA (P < 0.001) and
CSA (P < 0.03) were diagnosed using this rule. However, the
proportion of patients with SDB classified as having OSA or
CSA did not differ significantly with either hypopnea scoring
rule; 64% of patients with CHF with SDB were classified as
having OSA with rule 1 and 69% were classified as OSA with
rule 2 (y* = 0.18, P = 0.67). Moreover, in the 50 patients with
CHF in whom SDB was diagnosed using hypopnea rule 1, the
classification of SDB as OSA or CSA did not change in any
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(83%). Mixed apneas occurred in 40
patients (22%) but the frequency of

these events was low, with mean mixed apnea index 0.3 [SD
SDB Absent W SDB Present 1.1]/h, range 0-10.6/h. They accounted for a minority of all
apneas and the mean percentage of apneas classified as mixed
1807 was 1% [SD 2.7] (range 0-15%). Therefore, categorization of
1604 mixed apneas as obstructive or central apnea caused minimal
change in respiratory indices (Table 4). Moreover, the classifi-
" 140+ cation of SDB as OSA or CSA was not changed in any patient
"g 120 54% when mixed apneas were categorized as obstructive apneas.
= 1% However, when mixed apneas were categorized as central
o8- 100+ apneas, SDB classification was changed from OSA to CSA
; 504 in one patient; this individual had an AHI of 59.8/h and was
-g initially classified as having OSA with 47% obstructive, 44%
3 60 central, and 9% mixed respiratory events.
The frequency of mixed apneas was analyzed in the 80 patients
407 with CHF in whom SDB was diagnosed; the mixed apnea index
20 29% remained low with a mean of 0.6 [1.5])/h (range 0-10.6/h) and
mixed apneas comprised a mean of 1% [2.5] (range 0-15%)
0 Hypopnea Scoring Hypopnea Scoring of all respiratory events. Mixed apneas occurred in a signifi-
Rule 1 Rule 2 cantly greater proportion of patients with CHF and CSA (56%)
compared with patients with OSA (27%; P=0.03). Median mixed
Figure 2—Number of patients with chronic heart failure in whom sleep apnea index was 0.2/h (0-0.6/h) in patients with CSA compared
disordered breathing was diagnosed using different hypopnea scoring with 0/h (0-0.2/h) in patients with OSA (P = 0.04).
criteria (n = 170). SDB, sleep disordered breathing

DISCUSSION

The principal finding of this study is that the criteria used to
score hypopnea can significantly influence the measured AHI
and at a cutoff of > 15/h, the diagnosis of SDB in CHF. When
hypopneas were defined using the AASM “alternative” rule (a
> 50% reduction in nasal airflow with a > 3% oxygen desat-
uration or EEG arousal), the AHI was significantly higher
compared with the more conservative hypopnea definition
requiring an associated > 4% oxygen desaturation. However,
the criteria used to score hypopnea had no effect on the clas-
sification of SDB as OSA or CSA. Because patients with CHF
with clinically significant SDB may have minimal symptoms,’
understanding the effect of hypopnea scoring criteria is impor-
tant if diagnosis of SDB and the need for treatment are deter-
mined by the measured AHI. This contrasts with treatment of
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Figure 3—Classification of sleep disordered breathing in patients with chronic heart failure (n = 80). Data from each patient are displayed twice to show the
percentage of central and obstructive sleep disordered breathing events. There was clear predominance of central or obstructive sleep disordered breathing
events in most patients.

Table 4—Effect of mixed apnea categorization on respiratory event frequency in patients with chronic heart failure (n = 180)

Mixed apneas categorized as obstructive Mixed apneas categorized as central

Values shown are median (interquartile range).

Parameter Index (events/h) Percentage Index (events/h) Percentage
Obstructive apneas 1.2 (0.2-5.0) 89 (17-100) 1.1(0.1-4.6) 83 (11-100)
Central apneas 0(0-0.5) 0(0-33) 0.1(0-0.7) 3 (0-36)
Obstructive apneas + hypopneas 8.4 (3.4-16.4) 84 (44-98) 8.4 (3.3-16.3) 84 (43-97)
Central apneas + hypopneas 1.6 (0.2-5.8) 16 (2-56) 1.7 (0.3-6.3) 16 (3-57)

OSA in adults without CHF, where both symptoms and the
metric of SDB severity are important when determining the
need for therapy.*?!

The importance of a uniform definition of hypopnea is
emphasized by reports of significant differences in the AHI
and prevalence of OSA with the use of different scoring
criteria.'"'*15 The definition of hypopnea used for diagnosis of
SDB in CHF is inconsistent, as shown in Table 1. Historically,
hypopneas were defined as a reduction in oronasal airflow* or
thoracoabdominal movement,**** but this definition was refined
to require the reduction in breathing to be associated with a
corroborative oxygen desaturation or arousal from sleep.?*3-%
Current guidelines from the AASM to standardize scoring of
respiratory events during sleep require all hypopneas to be
associated with an oxygen desaturation. However, these guide-
lines list two different rules by which hypopnea can be scored.'®
The AASM “recommended” rule requires a > 30% reduction
in nasal pressure signal amplitude for > 10 sec with a > 4%
oxygen desaturation, whereas the “alternative” rule requires a
>50% reduction in nasal pressure signal amplitude with a >3%
oxygen desaturation or arousal from sleep.
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The effect of hypopnea scoring criteria has only been studied
in populations with OSA. As CSA events may be associated
with lesser oxygen desaturation,'”?' the effect of hypopnea
scoring criteria could differ in patients with CHF in whom CSA
is prevalent. Our finding that the diagnosis of SDB changed in
28 patients with CHF (16%) using different hypopnea scoring
rules is similar to reports investigating the influence of scoring
rules in adults without CHF, in whom the prevalence of OSA
increased by up to 19% when a more lenient rule was used to
score hypopnea.'*!'* Moreover, the two hypopnea scoring rules
used in the current study were almost identical to those evalu-
ated by Ruehland et al.,'”> who reported a similar change in the
median AHI of 3.5/h and 12% change in OSA prevalence, in
adults without CHF.

Although the current study has shown the choice of respira-
tory scoring criteria can significantly alter the diagnosis of SDB
in CHF, the effect of the different hypopnea scoring rules may
be of a similar magnitude to the normal night-to-night variation
in SDB. In patients with CHF monitored on consecutive nights,
18% of patients in whom SDB was diagnosed on 1 night did
not fulfill criteria for diagnosis of SDB on the second night.*’

Respiratory Scoring Criteria in Heart Failure—Ward et al



In addition, the severity of SDB changed from moderate (AHI
15-30/h) to severe (AHI > 30/h) on consecutive nights in 37%
of patients with CHF.*® Therefore, taking into account the
effects of both respiratory scoring criteria and night-to- night
variability on the measured AHI, use of a strict AHI cutoff of
> 15/h in patients with CHF may be too restrictive, leading to
treatment for SDB not being offered to some who may benefit.

The current study is unable to identify the optimum definition
for hypopnea in patients with CHF as this would require data
on clinically relevant outcomes. In a community-based cohort
of adults without CHF, Punjabi et al.** reported that hypopneas
associated with a > 4% oxygen desaturation were associated
with prevalent cardiovascular disease, whereas hypopneas
associated with a lesser oxygen desaturation or arousal were
not. However, some authors argue that the requirement for a
corroborative oxygen desaturation to score hypopnea results in
underdetection of clinically relevant events,*’ leading to under-
estimation of SDB severity in individuals with respiratory
events causing arousals without desaturation.*' Clinical charac-
teristics including baseline oxygen saturation, body mass index,
sleep stage, and resting lung volume will influence the amount
of oxygen desaturation during a hypopnea.*** Thus, hypopneas
requiring a corroborative oxygen desaturation may be scored
more readily in overweight adults than in lean individuals.*
Current definitions of hypopnea requiring a corroborative >
3% or > 4% oxygen desaturation were developed for diagnosis
of OSA and may not be suitable for patients with CHF who
are less likely to be overweight, or in whom there may be less
oxygen desaturation during CSA.

This study has also found that mixed apneas were identi-
fied in only 22% of patients with CHF and the frequency of
these events was low. Previous studies have also reported a low
frequency of mixed apneas in patients with CHF but have not
examined the effect of mixed apneas on classification of SDB.!*
In the current study, classification of SDB as OSA or CSA
was unchanged in 99% of patients with CHF, irrespective of
whether mixed apneas were considered as obstructive or central
events. Mixed apneas comprise features of both obstructive
and central apnea within the same event. Conflicting reports
about their pathogenesis®* may explain the discrepancy in
categorization as obstructive? or central apneas®* in different
studies. The results from the current study suggest that mixed
apneas are infrequent events in most patients with CHF and
ultimately their categorization may be unimportant. Classifica-
tion and treatment of SDB in patients with CHF with mixed
apneas should therefore be decided according to the frequency
and proportion of the other respiratory events.

Several limitations relating to the hypopnea analysis are
recognized. The hypopnea rule 2 used in the current study is
the same as the “alternative” hypopnea rule recommended by
the AASM guidelines. However, the > 50% reduction in airflow
amplitude required for our hypopnea rule 1 differs from the
AASM “recommended” rule,'® which stipulates a > 30% reduc-
tion in airflow, although the > 4% corroborative oxygen desatu-
ration required is the same. This difference in airflow amplitude
criteria may be of limited clinical significance due to the diffi-
culty in determining baseline breathing amplitude in patients
without a stable breathing pattern or with frequent respiratory
events.?? Moreover, the difference between a > 30% and > 50%
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reduction in breathing amplitude may be difficult to accurately
detect with semiquantitative airflow sensors. Ruehland et al.'
reported that the larger airflow reduction (= 50% versus > 30%)
required to score hypopneas using the AASM “alternative” rule
had minimal effect on the AHI.

A further consideration is that the criteria used to differen-
tiate central and obstructive hypopneas in the current study
have not been systematically evaluated. Difficulty in identi-
fying the reduction in neural respiratory drive during a central
hypopnea may have led to misclassification of some hypopneas.
The criteria we used have also been used in previous studies
evaluating SDB in CHF®“¢ and were selected as the most
suitable noninvasive method to classify hypopnea. However,
signs of obstruction such as snoring may occur during central
hypopnea due to change in upper airway caliber and compli-
ance with the reduction in respiratory drive. The gold standard
for distinguishing central from obstructive hypopnea is esopha-
geal manometry,'® but this was not practical in view of the high
number of polysomnography studies required.

A potential limitation of our respiratory event analysis is the
use of nasal pressure transducer without thermistor for measure-
ment of airflow during polysomnography. Thermal devices and
nasal pressure transducers have differing accuracy for detection
ofapnea and hypopnea.*’** Nasal pressure monitoring has a high
sensitivity for detection of hypopneas,** although it can result
in overestimation of the number of apneas due to the nonlinear
relationship between nasal pressure and nasal airflow.'® This
may have resulted in overestimation of the number of apneas in
the current study, whereas some mixed apneas may have been
incorrectly diagnosed if low volume breaths or mouth breathing
after central apnea were not detected by nasal pressure trans-
ducer. However, this would mean the true prevalence and
frequency of mixed apneas in patients with CHF may be lower
than we have observed and therefore it is unlikely the choice of
airflow sensor in the current study has affected the results of our
mixed apnea analysis.

The definition of mixed apnea in the current study required
respiratory effort to be absent in the first half of the apnea
followed by three or more obstructed breaths before resumption
of airflow.?” Alternative mixed apnea definitions do not specify
the minimum number of obstructed breaths.'® Other authors
have used a temporal definition to specify the minimum dura-
tion of the central component is > 50% of the apnea® or that
neither the central nor obstructive component can exceed 75%
of the duration of the apnea.® The findings of the current study
may not be applicable when these different criteria are used.

The prevalence of CSA in our cohort of patients is lower
than reported in many previous studies evaluating SDB in
CHE."35! This may be explained by advances in CHF treatment
including the greater use of cardiac resynchronization therapy
in our contemporary cohort, which has been shown to reduce
the severity of CSA.*? In addition, susceptibility to OSA may
have been increased in the current study because most patients
were overweight or obese.

CONCLUSION

In patients with CHF, the criteria used to define hypopnea
significantly influence the AHI and prevalence of SDB. The
number of patients with CHF in whom SDB was diagnosed,

Respiratory Scoring Criteria in Heart Failure—Ward et al



using an AHI cutoff of > 15/h, increased by 16% using the
AASM *“alternative” rule compared with the more conservative
hypopnea scoring rule. Because the AHI may be the principal
determinant of the need to treat SDB in patients with CHF, it
is important that respiratory scoring criteria are standardized to
ensure consistency in diagnosis of SDB. Although it is evident
that the criteria used to define hypopnea significantly influence
the diagnosis of SDB in CHEF, the effect of the different defi-
nitions on clinically relevant outcomes or response to therapy
requires further evaluation.
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