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Abstract
Although continuous positive airway pressure (CPAP) is the gold standard treatment for the 
chronic sleep disorder, obstructive sleep apnea (OSA), compliance with the CPAP machine 
among patients continues to be a challenge. REVAMP (Remote Veterans Apnea Management 
Platform) is a personalized, interactive web platform and mobile app that enables veterans to 
be evaluated for their OSA and better optimize their management of OSA. REVAMP aims to 
improve transparency and access to healthcare, reduce patient burdens of traveling and wait 
times, and establishes better communication with patients and their healthcare team. The 
purpose of this project was to assess whether the utilization of REVAMP improves the 
compliance of CPAP for rural Arizona veterans diagnosed with OSA compared to veterans who 
do not use any additional aide or intervention for their CPAP machine. From 2016 to 2020 for 
patients from the Phoenix VA Health Care System, 50 patients were randomly selected for a 
control population and 51 patients were randomly selected from the population enrolled in 
REVAMP with CPAP compliance as the primary outcome measured. CPAP compliance is defined 
as 30 nights of CPAP usage for >=4 hours per night at least 70% of nights used. CPAP 
compliance data came from each patient’s CPAP machine that has its data collected via a 
wireless modem and stored onto the REVAMP or Resmed Airview platforms that are accessed 
by a secure VA account. The REVAMP population presented an overall 60.8% compliance rate 
compared to the 24.0% overall CPAP compliance rate for the control population. The REVAMP 
mean CPAP usage (%) was found to be 75.2 +/- 33.0 compared to the control population with 
mean CPAP usage (%) 45.1 +/- 40.4 (p < 0.0001) and a mean CPAP usage >=4 hours per night 
(%) as 62.5 +/- 37.1 compared to the control population of mean CPAP usage >=4 hours per 
night (%) as 32.6 +/- 37.4 (p < 0.0001). Based on these findings, there is strong evidence to 
suggest that interventions like REVAMP that increase education, transparency, and 
communication with a patient’s healthcare team increase compliance rates for treatments like 
CPAP. It is also possible that patients who enroll in REVAMP are a self-selecting population who 
are more motivated to seek out interventions to improve their condition, and further studies 
should investigate such manners. 

Introduction
OSA is a chronic sleep disorder characterized by recurrent, functional collapse during sleep of 
the velopharyngeal and/or oropharyngeal airway which leads to reduced or complete blockage 
of airflow despite breathing efforts. As a result, hypercapnia, hypoxemia, and disturbed sleep 
occur. OSA is an important condition due to complications of poor neurocognitive performance,
daytime symptoms, cardiovascular morbidity, and perioperative complications [1]. OSA is the 
most common sleep-related breathing disorder and affects an average of 22% of males and 
17% of females in North America [2, 3]. The gold standard for treating OSA is Continuous 
Positive Airway Pressure (CPAP) which has shown improvement in quality of life, improved 
systemic blood pressure control, reduced number of sleep-related respiratory incidents (e.g. 
motor vehicle crashes), reduced healthcare utilization and costs, and decreased cardiovascular 
morbidity and mortality [4]. Despite the positive aspects of CPAP, it is estimated that the 
compliance rate of CPAP for the treatment of OSA ranges from 30-60% with an average use of 
<= 3 hours of CPAP usage per night [5]. 



A wide variety of reasons for non-compliance of CPAP for patients with OSA include include 
dryness, congestion, or discomfort from the pressure or mask fit [6]. However, it has also been 
often cited that increased patient education, support groups, increased interaction time with 
healthcare providers, and telemonitoring services would increase the rate of compliance [7-9]. 
REVAMP is designed to improve access to care and equip veterans to receive care at their home
or preferred place of care while also establishing transparency, education, and communication 
between a patient and their healthcare team. The purpose of this study was to assess whether 
the utilization of REVAMP improves the compliance of CPAP (continuous positive airway 
pressure) for rural Arizona veterans diagnosed with OSA compared to other veterans who use 
CPAP for their OSA but are not enrolled in REVAMP. 

Methods
REVAMP was designed to improve healthcare access for rural veterans who have less face-to-
face time for visits in regards to diagnosing and managing their OSA. REVAMP offers features 
such as treatment results with CPAP, troubleshooting and communication with a patient’s 
healthcare team for their equipment and usage of their CPAP machine, education, and 
questionnaires and home sleep testing capabilities. We aimed to explore how REVAMP 
improves access to care and management of OSA for rural veterans, who have more difficulty 
accessing care, compared to the general veteran population.

From 2016 to 2020 for veterans at the Phoenix VA Health Care System, 50 and 51 patients were
randomly selected from two separate databases: ResMed Airview and REVAMP, respectively. 
ResMed Airview is a respiratory patient management website that allows the viewing of all 
CPAP usage data for all patients who currently use a CPAP machine equipped with wireless 
modern capability. Since all CPAP devices issued to veterans have wireless modem capability, 
their compliance and therapy data can be accessed remotely through this secure website under
a VA account. When the study was initially launched, the REVAMP patient population was very 
small in population in size and as such, patient data was collected on a rolling basis per this 
study’s designation as a prospective study. The inclusion criteria for both populations are as 
follows:

1. Must be >=18 years old
2. Must be a veteran of the United States of America
3. Must be diagnosed with OSA and prescribed a CPAP machine for the treatment of OSA 
4. Must own a CPAP machine for the treatment of OSA for at least 30 consecutive days
5. For the study population, must be a rural veteran of Arizona
6. For the study population, must be enrolled in REVAMP
7. For the control population, must not be enrolled in REVAMP

The exclusion criteria are any non-veterans. 

The primary outcome measured in this study is the rate of compliance of CPAP which is defined 
as 30 consecutive nights of CPAP usage for >=4 hours per night for at least 70% of nights used. 
Other secondary outcome measures include overall CPAP usage (%), CPAP usage >=4 hours (%), 
and responses to the 7 questions under the REVAMP questionnaire. This study has been 



approved by the IRB. A waiver of consent will be used as no identifying information will be 
used. 

In addition to identifying whether REVAMP improved CPAP compliance for rural veterans, we 
were also interested in analyzing how receptive the rural veteran population is to the shift in 
technological advancements in sleep healthcare. We investigated the satisfaction of virtual care
and its role in presenting better outcomes for CPAP compliance and overall patient satisfaction 
with their clinical care. This came in the form of a questionnaire built into REVAMP provided to 
all REVAMP patients on their platform to assess their satisfaction of REVAMP in their 
management of OSA. Specifically, the questionnaire will consist of yes/no questions and 
quantitative assessments of the following:

1. Quality of service received
2. If the patient received the service they initially wanted
3. Extent to which REVAMP met patient’s needs
4. Likelihood of recommending to friends
5. Satisfaction of help received for patient’s OSA
6. Overall satisfaction
7. Likelihood to receive help again

Results
Demographic in clinical characteristics between RESMED and REVAMP group were reported as 
means, SD, for continuous variables and frequency, percentage for categorical variables. The 
Wilcox and rank sum test were used to compare the continuous variables between two groups 
while Chi-squared/Fisher test was used to compare categorical variables. For our primary 
outcome of CPAP compliance, we used multivariable logistic regression to ascertain the odds of 
CPAP compliance relative to intervention status. For % CPAP usage, we used multivariable 
linear regression to ascertain the mean difference between the RESMED and REVAMP group. All
p-values were two-sided and p<0.05 was considered statistically significant. All data analysis 
were conducted using STAT-A version 15 (College Station Texas).

In addition to demographic data that includes age, race, sex, and comorbidities to account for 
possible confounding variables, the data extracted from all patients include date of their initial 
polysomnography if applicable, the apnea-hypopnea index (AHI) which estimates the severity of
a patient’s OSA, the % of CPAP used within the last recorded 30 days of active CPAP use, and 
the recorded % of CPAP usage that was >=4 hours during its use session. All demographic and 
comorbidities were deemed to not have any statistically significant difference when comparing 
the REVAMP population to the Resmed population as p > 0.05 for all demographics and 
comorbidities considered. 



Table 1: Subject Demographics and Comorbidities

With the assumption of normal distributed data and using a 95% confidence interval, the 
REVAMP population presented an overall 60.8% compliance rate with a mean CPAP usage (%) 
of 75.2 +/- 33.0 and a mean CPAP usage >=4 hours per night (%) as 62.5 +/- 37.1. The control 
population had an overall CPAP compliance rate of 24.0% with a mean CPAP usage (%) of 45.1 
+/- 40.4 and a mean CPAP usage >=4 hours per night (%) 32.6 +/- 37.4. Both were shown to 
have a statistically significant difference as p < 0.05 for all three groups when comparing the 
REVAMP to the Resmed group. Calculating the odds ratio between the two groups yields a 5.47 
higher probability of CPAP compliance in the REVAMP group compared to the Resmed 
population with a 95% confidence interval (CI) of 2.18 to 13.7. The % CPAP usage is 29.6% 
higher in the REVAMP population compared to the Resmed population with a 95% CI of 15.1 to 
44.1, and 14.9 to 44.3 for % CPAP usage >=4 hours.



Figure 2: Subject CPAP Compliance Data

Of those enrolled in REVAMP, n=17 participated in the REVAMP questionnaire on patient 

satisfaction while n=33 did not elect to answer any of the questions in the REVAMP 

questionnaire. When asked, “How would you rate the quality of service you received?”, 14/17 

rated the quality of service as “excellent”, 2/17 rated the quality of service as, “good” and 1/17 

rated the quality of service as, “poor.” 15/17 of the responses answered, “yes” to the question 

of “did you get the kind of service you wanted.” For the question “to what extent has our 

program met your needs”, 11/17 answered “All”, 4/17 answered “most”, one individual 

answered “few”, and one individual answered “none.” All but one patient recommended 

REVAMP to a friend who would need similar services. In general, 9/17 respondents were very 

satisfied with the amount of help they received, 5/17 were mostly satisfied, 2/17 were 

dissatisfied, and one individual was indifferent. In terms of how REVAMP has helped the 

patients manage their sleep apnea, all but two felt that REVAMP was effective in dealing with 

their OSA. Overall, 12/17 of the users of REVAMP were very satisfied with their experience with 

the REVAMP service, 3/17 were mostly satisfied, one individual was dissatisfied, and one was 

indifferent. All but one individual responded “yes” when asked if they would come back and 

seek help from REVAMP if they were to seek help again. 
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Figure 3: Quality of Service Rating
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Figure 4: REVAMP Meeting Patient Needs
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Figure 5: Satisfaction with Help and Service
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Figure 6: REVAMP Questionnaire Yes/No Results



Discussion
The study results demonstrate strong evidence to suggest that interventions such as REVAMP 
have a positive impact on the compliance rate of CPAP for OSA and that such interventions are 
generally favored and recommended by patients. The CPAP compliance rates fall close to the 
estimated CPAP compliance rate of 30-60% reported by Rotenberg et al., where the general 
veteran population trended closer to the lower value of compliance rate (specifically 24%) 
whereas the REVAMP group trended closer to the upper limit of the estimated CPAP 
compliance rate (specifically 60.8%). 

It is possible that the ability to communicate with one’s healthcare team makes for more 
opportunities for a patient to learn about his or her condition, background information in 
regards to treatment, and troubleshoot issues that arise with their CPAP machine. 
Transparency in CPAP usage is also a possible explanation, as all values pertaining to one’s use 
of CPAP are available for viewing and discussion. Accountability is another factor to consider as 
REVAMP allows contact with one’s healthcare team and REVAMP acts as a continuous reminder
to encourage patients to use their CPAP machine. In conjunction with the questionnaire 
answers, overall, it appears those who enroll in REVAMP find its service helpful and would 
recommend it to others as well as re-enroll if they were asked to enroll again. Limitations to the
data include limited data range, as only a single set of 30 consecutive days was used to assess 
CPAP compliance rate. In addition, despite the AHI not being statistically significantly different 
between both groups, the severity of sleep apnea cannot be narrowed down to the 
quantitative value of the AHI per patient, and thus CPAP usage could be skewed by the fact that
those enrolled in REVAMP may have more severe OSA which led them to seek out intervention 
such as REVAMP to better manage their condition. Despite the p-value being p>0.05 (p=0.12), 
AHI was the closest possible confounding variable that was statistically significantly different 
between both groups and can be considered a notable influence on CPAP compliance and OSA 
severity. Other similar factors include comorbidities, as there could be potentially other 
comorbidities not accounted for in this study that could contribute to increased CPAP usage. 

As there is a single window that CPAP compliance data was collected in this particular study, 
further studies could investigate the compliance rate over the period of months or years to 
ensure that CPAP usage is consistent. As the results suggest that the rate of CPAP compliance is 
statistically significantly higher in the REVAMP population compared to the control population 
with overall patient satisfaction of the REVAMP platform, these conclusions fall in line with the 
original hypothesis and goals of the study of determining the impact of the utilization of 
REVAMP for rural veterans in the management of their OSA with CPAP. While there is evidence 
to suggest statistical significance in this study, further studies should investigate the clinical 
significance via health outcomes that can be monitored or assessed and the impact of 
interventions like REVAMP on such conditions or parameters.
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