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Risk factors for failure of continuous positive airway pressure treatment
in patients with ostructive sleep apnoea

David Slouka?, Monika Honnerova®, Petr Hosek¢, Ales Matas¢, Karel Slama?, Jana Landsmanova¢, Radek Kucera’

Background and Aims. Obstructive sleep apnoea is a potentially serious sleep disorder associated with the risk of car-
diovascular disease. It is treated with continuous airway pressure (CPAP) but this is not always successful. Unsuccessful
cases should be treated by bilevel positive airway pressure (BiPAP). The aim of this study was to determine whether
common respiratory parameters and/or body mass index (BMI) can be used to predict the probability CPAP failure and
hence start such patients on BiPAP from the outset.

Methods. A sample of patients treated by CPAP for OSAS was evaluated a retrospective cohort study. The data mea-
sured in sleep monitoring of the successfully treated group and of the group where CPAP had failed were compared.
Subsequently, the predictive abilities of BMI, Apnoea Index (Al), Apnoea-Hypopnea Index (AHI), percentage of sleep
time in less than 90% oxygen saturation (T90), average oxygen saturation over the duration of sleep (Sa02) and average
desaturation per hour of sleep (ODI) were assessed with respect to CPAP failure, both individually and in combination.
Results. A sample of 479 patients was included in the study. All of the recorded variables except Al were significantly
associated with failure of CPAP and their ability to predict the failure ranged from poor to moderate. Since there was
significant correlation among all the variables measured a two-variable prediction model combining T90 and BMI
produced no significant improvement in the quality of CPAP failure prediction.

Conclusions. BMI was a significant predictor of CPAP failure although it was slightly less predictive than T90. The set
of monitored variables included in our study does not allow for CPAP failure to be predicted with clinically relevant
reliability.
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INTRODUCTION In patients suffering from moderate and severe OSAS,
positive airway pressure therapy (PAP) is the most effec-

The obstructive sleep apnea syndrome (OSAS) is a  tive treatment®!°. PAP machines deliver air to the upper
potentially serious sleep disorder characterized by repeti-  airways at a pressure high enough to keep them open. The
tive pauses in respiration or periods of reduced breathing  first, and most widely used choice of treatment is continu-
during the sleep. In general, the population around 4% of  ous positive airway pressure (CPAP) (ref.!'1?). In cases
middle-aged men and 2% of middle-aged women can be  of failure, this must be replaced by bilevel positive airway
affected by OSAS (ref.!?). pressure therapy (BiPAP) (ref.”®). Both devices operate
OSAS increases overall morbidity and mortality and  on the same principle. The essential difference between

it is associated with a triple increased risk of cardiovas- CPAP and BiPAP is that while the former is set to a single
cular disease**. In patients with this condition; there isa  pressure level, the BiPAP has two pressure settings: the
greater prevalence of obesity than in the general popula-  prescribed pressure for inhalation and a lower pressure
tion, according to available studies, in 40-70% of patients  for exhalation. Patients are given proper a priori instruc-
with OSAS (ref.>¢), and thus considered to be one of the  tions on the use of the positive airway pressure device'*".
respiratory complications of obesity. This fact is serious =~ However, the CPAP treatment is still ineffective in about
because of its increasing incidence’ with 10-25% of the  13% of cases. In these patients, even though the apnoea/
European and American population having a BMI more  hypopnoea index (AHI) drops, hyposaturation persists'®!”.
than 30 (ref.?). Patients with CPAP failure (persistent hyposaturation

134



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2018 Jun; 162(2):134-138.

found in routine check up - sleep monitoring in 3 months
of CPAP treatment) are candidates for BiPAP therapy.
Howeyver, the latter device can only be used with evidence
of the inefficacy of the former which usually takes sev-
eral months. The determination of reliable factors pre-
dicting the failure of CPAP would thus enable patients to
be started immediately on BiPAP therapy, obviating the
inconvenience and cost associated with the temporary use
of the ineffective CPAP (ref.").

The aim of our study was to compare selected respira-
tory parameters and BMI for successfully and unsuccess-
fully CPAP treated patients to determine whether these
factors predict the risk of CPAP failure.

METHODS

In this monocentric, observational, retrospective
cohort study, on a sample of patients treated by CPAP
for OSAS, the data measured in sleep monitoring were
evaluated and compared for successful and unsuccessfully
treated groups. The predictive ability of the monitored
variables with respect to CPAP failure were assessed, in-
dividually and in combination.

Inclusion criteria: 1. OSAS diagnostic and control
evaluation performed using the same polygraphic moni-
toring systems (Miniscreen 8, Vitaloc or Stardust), 2. the
CPAP devices being the first choice of therapy and. 3.
good compliance with therapy.

Exclusion criteria: 1. incomplete data for measured
parameters, 2. previous surgical and/or conservative treat-
ment for OSAS, 3. chronic obstructive pulmonary disease
(COPD) and, 4. alcohol abuse.

Ethics
The Ethics Committee of the University Hospital
Pilsen approved the data analyses.

Recorded data

The following variables were recorded and analyzed:
BMI (body mass index) - Body weight divided by the
square of height; a measure of the degree of obesity.
Al (apnoea index) - Total number of apnoeae during
one hour.

AHI (apnoea-hypopnea index) - Total number of ap-
noeae and hypopneae in the course of one hour.
ODI (oxygen distress index) - Average desaturation
per hour of sleep.

Sa0?2 (average saturation) - Average oxygen saturation
over the duration of sleep.

T90 - Percentage of sleep time in less than 90% oxygen
saturation.

The effect of CPAP was assessed generally 3 months
after its initial application.

The following values of respiratory parameters were
considered as CPAP failure: i) AHI > 10 and lower than
a 75% decrease of the baseline AHI value; ii) AHI < 10,
but persisting hyposaturation, T90 > 10% and ODI > 10
(ref.20).
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Statistical methods

The association between gender and CPAP failure
rate was tested using Fisher’s exact test. Due to the non-
normal distributions of quantitative variables, confirmed
by the Shapiro-Wilk test, non-parametric test were used
- differences in parameters between the successfully
and unsuccessfully treated patients were tested using the
Mann-Whitney U test; mutual correlations between the
quantitative variables were assessed with the Spearman’s
correlation coefficient. All reported p-values were two-
tailed and the level of statistical significance was set at o
= 0.05. Patients with missing data were omitted from the
analyses for which the data were missing and kept for the
rest (pairwise deletion).

The discrimination potential of the quantitative vari-
ables with respect to CPAP failure was assessed using
the Receiver Operating Characteristic (ROC). The ROC
curve, describing observed sensitivity and specificity val-
ues across all possible threshold values within the range
of a particular variable, was plotted for each variable. The
area under the curve (AUC ROC) was then calculated to
summarize the prediction factor in a single value, rang-
ing from 1 (perfectly reliable prediction) to 0.5 (random
guessing). Sensitivity and specificity were determined for
specific threshold values. Confidence intervals for sensi-
tivity, specificity and relative frequency were calculated
according to Agresti and Coull?'.

Despite the strong correlations found among all of
the quantitative variables, a two-variable prediction model
for CPAP failure was then constructed. The model em-
ployed BMI and T90 which both showed relatively solid
ROC results and moderate correlation. The model was
implemented by a simple threshold-based classification
upon a new variable obtained as a linear combination of
T90 and BMI the coefficients of which were optimised to
maximise the area under the ROC curve. The optimisa-
tion was carried out by an enumerative exploration of the
whole possible range of rotation angles of the combined
factor with respect to the coordinate system defined by
the original variables.

The STATISTICA data analysis software system
(StatSoft, Inc.2013. Version 12. www.statsoft.com) was
used; the ROC analysis and optimisation of the two-vari-
able model were carried out in MATLAB (Release 2014b,
The MathWorks, Inc., Natick, MA, USA)

RESULTS

From 2005 to 2010, a total of 983 patients with SAS
were examined at the Department of Otolaryngology,
University Hospital in Pilsen. 479 (338 male and 141 fe-
male) of these met the inclusion criteria and were includ-
ed in the study. The mean age was 58.3 + 11.3 (SD) years.

The rate of CPAP failure observed in the whole sample
was 12.5% (95% confidence interval 9.8-15.9%). There
was no significant gender difference.

With the exception of Al (P=0.1785), all of the
quantitative variables were significantly associated with
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Fig. 1. Comparison of the monitored variables between the patients with successful and unsuccessful CPAP therapy.

A - AHI B - A, C-T90,D - ODL E - SaO2, F - BMI.

the success/failure of CPAP (Fig. 1, AHI: P=0.0172,
T90: P<0.0001, ODI: P=0.0002, SaO2: P<0.0001, BMI:
P<0.0001). Significant mutual correlations of all variables,
in particular between T90 and SaO2 and between AHI
and Al, were found (all P<0.05, see Table 1).

Table 1. Mutual correlations between the monitored vari-
ables. Spearman’s correlation coefficients are shown; all
reported correlations were statistically significant.

AHI Al T90 ODI SaO2 BMI
AHI 0.828 0.519 0.778 -0.451 0.283
Al 0.828 0.468 0.661 -0.403 0.147
T90 0.519 0.468 0.651 -0.913 0.454
ODI 0.778 0.661 0.651 -0.590 0.397
Sa02  -0.451 -0.403 -0.913 -0.590 -0.470
BMI 0.283 0.147 0.454 0.397 -0.470

According to the ROC analysis (Fig. 2), T90 showed
the best albeit moderate discrimination ability for CPAP
failure prediction (AUC ROC curve 0.755). T90 was
closely followed by SaO2 (AUC ROC 0.732), BMI (AUC
ROC 0.695) and ODI (AUC ROC 0.646). AHI and Al
with AUC ROC values below 0.6 appeared to be not good
predictive factors. The strongest factor - T90 - exhibited,
at an empirically determined threshold value of 43.5, a
sensitivity of 68.3% (95% confidence interval 55.5-78.9%)
and a specificity of 74.5% (70.0-78.5%).

The two-variable model for CPAP failure prediction
was constructed using T90 (the best performing factor
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in ROC) and BMI (the third best performance in ROC).
Sa02, the second best factor according to ROC, was
omitted because of its strong correlation with T90, and
the employment of BMI was also of the highest clinical
interest. After optimization, the model exhibited a value
of AUC ROC of 0.761, thus showing only negligible im-
provement over the prediction based on T90 alone (AUC
ROC 0.755).

DISCUSSION

The results showed that obesity as measured by BMI
was a significant risk factor for CPAP therapy failure. The
comparison and assessment of other measured variables
showed that the majority of respiratory parameters were
significantly worse in patients where CPAP had failed. To
our present knowledge, this study is so far the largest one
assessing the interplay between obesity and respiratory
parameters with respect to CPAP failure.

Even though there is a dearth of information in the
literature, a similar study involving a smaller group of 146
patients was published by Schafer et al.?? (1998), report-
ing an association between T90, BMI and CPAP failure.
In accordance with our results, these authors found that
obesity was a strong risk factor for CPAP failure, with
median BMI pf 31 in successfully, and 44 in unsuccess-
fully treated patients.

Even though our results showed that BMI, as well as
AHI, ODI, T90 and SaO2 were significant risk factors
for CPAP failure, the ROC analysis suggests that none of
these variables alone or in combination (as demonstrated
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Fig. 2. ROC analysis of the monitored variables with respect to the prediction of CPAP failure. A - AHI, B - Al, C - T90, D -
ODI, E - Sa02, F - BMI. Cases compliant with the rule stated above each plot were predicted to fail in CPAP.

by the two-variable model) can be used for the predicting
CPAP failure with clinically relevant reliability. If T90,
which was the best prediction parameter, were used at
the suggested empirical threshold value of 44 to make the
decision about the indication of BiPAP instead of CPAP,
the observed sensitivity and specificity values (68% and
75%, respectively) together with the prevalence of CPAP
failure (13%) would result in 72% of the BiPAP treatments
to be indicated unnecessarily (i.e. positive predictive value
of 28%), while, almost a third of actual CPAP failures
would not be predicted. However, considering the high
negative predictive value of T90 (94%), the relevance of
this prediction criterion is considerably better, as T90
below 44 contradicts the possibility of CPAP failure with
almost 95% reliability.

Significant correlations between BMI and all of the
respiratory parameters not only explain the failure of the
two-variable model to improve the prediction, they also
suggest the underlying mechanism of CPAP failure which
is generally more likely to occur in more severe cases of
OSAS. Rather than affecting the CPAP treatment results
directly, the high BMI can aggravate the general body
condition of the patient, which consequently can lead to
the worse response to the CPAP therapy.

Significant mutual correlations among the respiratory
parameters measured indicate mutual relations between
these variables. In particular, the strong association be-
tween Al and AHI as well as between SaO2 and T90

show their mutual redundancy as both variables in each
pair carry virtually identical information. Al is no longer
used because of its poor clinical relevance; SaO?2 is still
routinely monitored in some clinics.

Even though an accurate indication of BiPAP as the
first-choice device in the cases where CPAP would fail
would provide substantial advantage to patients as well
as a considerable cost reduction of the treatment, current
commonly monitored variables, unfortunately, do not al-
low for such prediction to be made reliably.

Our study is limited by its retrospective and monocen-
tric design. Nonetheless, this limitation is not supposed
to be very serious as the large number of patients enrolled
and the demographic distribution support its validity.
Moreover, demographic data in our work correspond to
those of one large study comprising more than twelve
thousand individuals®.

CONCLUSIONS

AHI, Al, T90, ODI, SaO2 and BMI are commonly
recorded parameters in the diagnostics of OSAS. With
the exception of Al, they were proven as significant risk
factors of the failure of CPAP therapy. T90, SaO2 and
BMI showed a moderate ability to predict CPAP failure,
although with clinically insufficient reliability. However,
even though T90 cannot satisfyingly predict CPAP failure,
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it can eliminate it with reasonable accuracy. Our results
also show that all of the factors are strongly mutually
dependent, which makes their simultaneous inclusion in
the decision redundant.
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