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Introduction

B

efore the innovation of positive pressure therapy
by Sullivan and colleagues tracheostomy was the
only treatment for sleep disordered breathing
(SDB) . In 1981 Sullivan and his group described a
home made device with vacuum cleaner blower motor,
which delivered air by tubing via nares. (fig1) This
revolutionized the management of sleep disordered
breathing and triggered tremendous interest in the field
of sleep medicine. In the last 20 years significant advances
have been made in positive airway pressure therapy.
The modern day machines are smaller, quieter, lighter
and lot smarter! (fig2) Wide range of interfaces is also
available allowing accommodation of specialized needs.
(Fig 3)

fig 1: Diagrammatic
representation of delivery
of air by tubing via nares

fig 2 : Prototype of a positive
pressure therapy device
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fig 3: Interfaces used with a positive pressure therapy device

Mechanism of Action
In order to know how positive airway acts, it is imperative
to understand the upper airway dynamics in patients
with SDB (sleep disordered breathing).
Patients with SDB have a smaller upper airway.
During daytime, reflex mechanism leads to increased
activity of dilator muscles. However, with sleep onset
these reflexes are absent leading to collapse of the upper
airways in individuals who are susceptible. (1, 2)
Positive airway pressure therapy is delivered via a
system, which generates pressurized air, delivered to the
patient via tubing and airtight mask. The predominant
mechanism of action is believed to be mechanical
splinting of the airways .Positive pressure therapy raises
the intra-luminal pressure above the critical closing
pressure and thus maintains airway patency. Other
mechanisms have been described including: increase in
FRC causing traction of neck structures increasing upper
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airway patency (3) or eliciting a reflex which increases
the tone of dilator muscles. These proposed mechanisms
are not supported by others. (4, 5)

7

First, treating excessive daytime sleepiness, due to
symptomatic SDB, and its resulting sequelae.

and cerebro-vascular consequences. Large population
based studies like Wisconsin Cohort Sleep Study (14)
and Sleep Heart Health Study (15) have shown an adjusted
odds ratio of 2.9 and 1.37 respectively for Hypertension
in SDB. Several subsequent randomized controlled trials
have found that CPAP therapy reduces diurnal and
nocturnal blood pressure in hypertensive patients with
SDB (16, 17). Intuitively reduction in BP should result
in improving cardiovascular morbidity and mortality
however convincing Data to that effect is still lacking.
Joint national commission (VII) in its recommendations
now recognizes SDB as a secondary cause of hypertension.

Second, to alleviate, socially unacceptable snoring
and improve sleep quality in bed-partners. Resolution
of snoring has been reported to improve bed-partners
sleep by 13%! which is equivalent to an extra one hour
of sleep per night (6). Compliance however is poor in
asymptomatic patients using CPAP for snoring.

CHF may be associated with SDB and treatment
with CPAP has been shown to improve left ventricular
function (improved ejection fraction).Recent data
suggests that CPAP administration to patients with CHF
reduces morbidity with improved NYHA functional class
(18)

Third, CPAP should be used to improve
cardiovascular consequences of SDB.

Various bio-chemical markers linked to increased
cardiovascular morbidity have been found to be elevated
in SDB. By the same token, these markers have also
been found to be reduced by positive airway therapy i.e.
C-reactive proteins, BNP, serum leptin, e-selectin and
soluble intracellular adhesion molecule-1.

Indications for continuous positive
airway therapy in SDB
What are the three main indications for treatment with
positive airway therapy in SDB?

Clinical Benefits
There are many aspects to the benefits of positive
pressure therapy mostly stemming from the resolution
of SDB.

Improvement in symptoms.
Several randomized trials have conclusively demonstrated
improvement in sleepiness; studies have also found
improvement of neurocognitive functions like memory
and learning. Even an average use of 3.4 hrs per night is
associated with improved cognitive task performance
and attention. (7)Improvement in vitality, energy and
ability to stay awake (Maintenance of wakefulness test)
has also been demonstrated.
Studies have also shown improved driving per
formance. (8, 9, 10) and decrease in the number of automobile accidents (11).However treatment of
asymptomatic SDB even if severe (AHI> 30) with
positive airway therapy is still not proven (12). Nocturia
may also improve. (13)

Cardio-vascular consequences
There is growing body of evidence that treatment of
SDB with CPAP has salutary effects on cardiovascular

The mechanism by which Positive airway therapy
improves cardiovascular outcome is unknown although
there is increased evidence that that reduction in
sympathetic tone may play an important role. (19, 20)

Compliance
Despite the proven effectiveness of positive airway
therapy in SDB compliance with treatment is less than
optimal. To begin with, acceptance itself may be an issue.
Considering the unique nature of treatment acceptance
may depend on patient’s pre-conceived ideas and the
manner it was introduced.
Estimates of compliance by subjective means reveal
a compliance rate of 65-90 %.(, 21, 22, 23)
However when compliance is measured objectively
as done by Kribbs (24) et al by incorporating an hour
meter into the unit compliance was substantially less.
The study reported 46% compliance when adherence
was defined as use for at least 4 hours on at least 70% of
the nights.
One large study looked at identifying predictors of
better compliance. They found that independent
Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 1, 2006
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predictors included snoring, higher AHI and degree of
sleepiness. (25)

increase of pressure delivery over 15-45 minute time
period before reaching the optimal pressure. Though a

From clinicians perspective it is important to note that
intermittent use of the machine in first few weeks is
associated with long term poor long term compliance
.(26)

Table1. Common side effects and problems encountered
using positive airway therapy and possible solutions.

Hence a clinician has a short window of opportunity
to address potential impediments before the patient sets
a non-compliant pattern. Level of education, type of work
and side effects may also influence use of positive airway
therapy.

Side effects/
problems
skin breakdown
local skin reaction

Data also suggests minimum of 4 hrs of use after
which there is persistent beneficial effect on
oxyhemoglobin saturation .It is postulated that positive
airway therapy favorably influences the stability of upper
airway during the latter part of the night.
Clinicians should also utilize the newer generation
machines, which allow monitoring of duration of use
each night and number of days per week. This
information is helpful in feedback and education of the
patient.

Side Effects and trouble shooting
Major complications of positive airway pressure therapy
are extremely rare and represent isolated case reports.

•
•
•
•

Patient education, before setup and during critical
first 4 weeks of use along with routine follow-up and
treatment of complications can improve patient
compliance. (27)
Data suggests that even one night without treatment
can induce objectively measured daytime sleepiness. (28)

trouble shooting tips

•

Air leaks
Conjunctivitis

Congestion
Rhinorrhea
Mucosal dryness
Epistaxis
High pressure
Difficulty initiating
sleep
chest discomfort
Pneumothorax
Pnumomediasinum
Difficulty exhaling

•
•
•
•
•
•
•
•
•
•
•
•
•

Most of the adverse effects stem from 1) oro-nasal
interphase 2) Excessive pressure or airflow .Some of the
commonly encountered side effects and problems with
potential solution are listed in table1.
Long term positive airway therapy does not appear
to be detrimental to oro-nasal morphology or mucociliary
functions. (29)
It is important to identify and resolve the side effects
as patients who complain of adverse effects use CPAP
less frequently than those who do not (30)
Various modalities can be used to overcome sideeffects and improve compliance. Ramping been
suggested to improve tolerance. This allows gradual
Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 1, 2006

Claustrophobia
Poor compliance
Inconvenience

Positional apnea
Too noisy

•
•
•
•
•
•
•
•

Too tight? Refit mask
Silicon allergy? Change
to polyurethane mask
Barrier therapy with
duoderm / newskin
Use milder soap to clean
mask
Poor fit? Select different
mask
Nasal pillows
Appropriate headgear
fitting
Eye patch
Chin strap (oral leak)
Full mask
Heated humidification
Saline nasal spray
Nasal steroids
Aerosolized nasal
ipratropium
Use pressure ramp
Short acting
benzodiazepines
Avoid high pressures in
patients with bullous
lung dis.
Reduce required
pressure
o Concomitant oral
appliance
o Elevate head side
of bed (reduces
AHI)
BiPAP
Counseling/education
Desensitization /
acclimatization
Nasal pillows / oracle
Support group
Auto-CPAP
Use longer tubing
Keep main unit in closet
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common feature in most models, improvement in use
has not been demonstrated “Ramp abuse” may in theory
lead to suboptimal therapy?
Humidification has been shown to prevent increase
in nasal resistance due to upper airway dryness (31).
Heated humidification has been found to be superior to
cold humidification. (32) And almost essential when
pressure requirements exceed 10 cm H2O.
For patients with air leak due to open mouth, a chin
strap or Oro-nasal (full face) mask should be instituted.
And for patients with nasal pathology or claustrophobia
oral device (oracleTM) may solve the problem.
Persistent or residual sleepiness despite appropriate
positive airway pressure therapy should prompt the
clinician to look for alternative reasons. (Table 2). If no
other explanation is present, residual hypersomnia is
likely.

Alternative modalities of Positive
airway pressure therapy
Bilevel positive airway Pressure
Upper airway hystersis is such that more pressure is
required to open the upper airways on inspiration and
less pressure to maintain the patency on expiration. (33)
Bilevel PAP device is designed to deliver different
pressure during inspiration and expiration. Since most
patients feel suffocated on high pressures on expiration
the device can be set at lower pressure during expiration
(EPAP) and higher pressure during inspiration (IPAP)
subsequently preventing upper airway closure and
hypopneas. The difference between these pressures
becomes the pressure support patient receives. If EPAP
is equal to IPAP the device works as a continuous PAP
device! It is useful in patients with overlap syndrome
(OSA + COPD) where it appears to improve compliance
and reduces arterial PCO2 during sleep and awake. (34)
Devices are available in spontaneous mode where
the patient triggers all breathing patterns or “back –up
mode” where a certain numbers of breath cycles are
guaranteed. This second mode is often used in patients
with both hypoventilation and central apnea.
Some models offer additional features for those with
neuromuscular disease such as adjustable inspiratory
threshold and expiratory triggers.
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Auto –CPAP
The fact that airway resistance varies from through
out the night and is dependent on several factors i.e.
position of sleep, alcohol consumption, sedatives sinus
infection etc. it appeared fairly intuitive that a fixed
pressure throughout the night may not be appropriate
for all patients. Auto- CPAP is just such a machine
designed to respond dynamically to changes in patient’s
upper airway resistance by increasing or decreasing the
pressures.
There are two areas of potential usefulness of autoCPAP. Treatment with auto-CPAP has been found to be
be equivalent to fixed positive airway pressure therapy
in terms of AHI, Epworth sleepiness score and arousal
index. Overall the mean overnight pressures are lower
with auto-titrating device. (35) Comparative data
regarding improved compliance and adherence are mixed.
(36) Though many of them recorded increase in the
number of hours of use. Considering the cost of the
device the precise role of auto-CPAP in treating patients
with SDB remains unclear. Additionally, some patients
may not tolerate Auto-CPAP due to significant
fluctuations in pressures .Other problem is that different
devises operate on unique algorithms. Bench studies
reveal that some of the devices did not respond
appropriately when subjected to different sleep breathing
patterns. (37)
A proposed use of auto –titrating units may be in
subset of patients with position and sleep stage dependent
SDB. (38)
Another common use of auto –titrating units is
helping titrate the optimal pressure. Problems with in
house titration include inadequate time as in split –night
studies. Some patients may not be able to sleep in alien
environment. We recently published data that there may
be more than 2 cm difference in final optimal pressure
when comparing titration by auto-titrating device at
home versus fixed CPAP titration during a split night
study.(39) A practical approach is to conduct a full night
diagnostic polysomnography followed by 2 week titration
by auto-CPAP .This needs confirmation by larger trials.

When should use of Auto- CPAP be
avoided?
It may also be prudent to avoid auto –titrating devices
in patients who have undergone UPPP as they may not
Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 1, 2006
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snore. Its efficacy and utility is not known in patients
with central sleep apnea, central hypoventilation
syndromes and patients with underlying cardiopulmonary disorders. The AASM practice guidelines
recommend that an Auto-CPAP device not be used if
the minimal oxygen saturation by pulse-oximetry dips
below 80%, as these devices do not currently record
oxygen saturation.
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Conclusion
Successful institution of Positive airway pressure therapy
is a combination of art and science.. Rapid strides in
technology have introduced devices which can deliver
complex functions. It is the duty of clinicians to
familiarize themselves with these devices in order to
properly serve their patients. Recognizing, the subset of
patients which may benefit from bilevel PAP or autotitrating devices requires the physician to be informed
and actively involved in the care of the patient during
the first few weeks of treatment.
Authors' affiliations
Sunil Sharma, Director, Sleep Medicine Reseach, University of
South Carolina, Columbia, USA.
Rose Franco, Co- Director, Sleep Lab, Medical college of
Wisconsin, Milwaukee, USA

Bibliography
1.

Isono S. Remmers JE. Tanaka A. Sho Y. Sato J. Nishino T.
Anatomy of pharynx in patients with obstructive sleep apnea
and in normal subjects. [Clinical Trial. Journal Article] Journal
of Applied Physiology. 82(4):1319-26, 1997 Apr.

10. José S. Loredo, Sonia Ancoli-Israel, and Joel E. Dimsdale
Effect of Continuous Positive Airway Pressure vs Placebo
Continuous Positive Airway Pressure on Sleep Quality in
Obstructive Sleep Apnea* Chest, Dec 1999; 116: 1545 1549.
11. C F P George Reduction in motor vehicle collisions following
treatment of sleep apnoea with nasal CPAP Thorax, Jul
2001; 56: 508 - 512.
12. Barbe F. Mayoralas LR. Duran J. Masa JF. Maimo A.
Montserrat JM. Monasterio C. Bosch M. Ladaria A. Rubio M.
Rubio R. Medinas M. Hernandez L. Vidal S. Douglas NJ.
Agusti AG. Treatment with continuous positive airway
pressure is not effective in patients with sleep apnea but no
daytime sleepiness. a randomized, controlled trial.[see
comment]. [Clinical Trial. Journal Article. Multicenter Study.
Randomized Controlled Trial] Annals of Internal Medicine.
134(11):1015-23, 2001 Jun 5.

2.

Tangel DJ. Mezzanotte WS. Sandberg EJ. White DP. Influences
of NREM sleep on the activity of tonic vs. inspiratory phasic
muscles in normal men. [Journal Article] Journal of Applied
Physiology. 73(3):1058-66, 1992 Sep.

13. Krieger J. Laks L. Wilcox I. Grunstein RR. Costas LJ.
McDougall JG. Sullivan CE. Atrial natriuretic peptide release
during sleep in patients with obstructive sleep apnoea before
and during treatment with nasal continuous positive airway
pressure. [Journal Article] Clinical Science. 77(4):407-11,
1989 Oct.

3.

Begle RL. Badr S. Skatrud JB. Dempsey JA. Effect of lung
inflation on pulmonary resistance during NREM sleep.
[Journal Article] American Review of Respiratory Disease.
141(4 Pt 1):854-60, 1990 Apr.

14. Peppard PE. Young T. Palta M. Skatrud J. Prospective study
of the association between sleep-disordered breathing and
hypertension.[see comment]. [Journal Article] New England
Journal of Medicine. 342(19):1378-84, 2000 May 11.

4.

Abbey NC. Cooper KR. Kwentus JA. Benefit of nasal CPAP
in obstructive sleep apnea is due to positive pharyngeal
pressure. [Journal Article] Sleep. 12(5):420-2, 1989 Oct.

5.

Series F. Roy N. Marc I. Effects of sleep deprivation and
sleep fragmentation on upper airway collapsibility in normal
subjects. [Clinical Trial. Journal Article. Randomized
Controlled Trial] American Journal of Respiratory & Critical
Care Medicine. 150(2):481-5, 1994 Aug.

15. F. Javier Nieto; Terry B. Young; Bonnie K. Lind; Eyal Shahar;
Jonathan M. Samet; Susan Redline; Ralph B. D’Agostino;
Anne B. Newman; Michael D. Lebowitz; Thomas G.
Pickering; for the Sleep Heart Health Study Association
of Sleep-Disordered Breathing, Sleep Apnea, and
Hypertension in a Large Community-Based Study JAMA,
Apr 2000; 283: 1829 - 1836.

Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 1, 2006

16. Joel E. Dimsdale, Jose S. Loredo, and Judi Profant Effect of
Continuous Positive Airway Pressure on Blood Pressure : A

Sunil Sharma, Rose Franco
Placebo Trial Hypertension 2000 35: 144-147
17. Pepperell JC. Ramdassingh-Dow S. Crosthwaite N.
Mullins R. Jenkinson C. Stradling JR. Davies RJ. Ambulatory
blood pressure after therapeutic and subtherapeutic nasal
continuous positive airway pressure for obstructive sleep
apnoea: a randomised parallel trial.[see comment]. [Clinical
Trial. Journal Article. Randomized Controlled Trial] Lancet.
359(9302):204-10, 2002 Jan 19.
18. Sin DD. Logan AG. Fitzgerald FS. Liu PP. Bradley TD. Effects
of continuous positive airway pressure on cardiovascular
outcomes in heart failure patients with and without CheyneStokes respiration.[see comment]. [Clinical Trial. Journal
Article. Randomized Controlled Trial] Circulation. 102(1):616, 2000 Jul 4.
19. Guilleminault C. Robinson A. Sleep-disordered breathing
and hypertension: past lessons, future directions. [Review]
[47 refs] [Journal Article. Review. Review, Tutorial] Sleep.
20(9):806-11, 1997 Sep.
20. Levinson PD. Millman RP. Causes and consequences of
blood pressure alterations in obstructive sleep apnea.
[Review] [126 refs] [Journal Article. Review. Review, Tutorial]
Archives of Internal Medicine. 151(3):455-62, 1991 Mar.

11
sleep apnea syndrome patients: effects of chronic treatment
and 1-night therapy withdrawal. SLEEP 1995;18:195-201
29. Bossi R. Piatti G. Roma E. Ambrosetti U. Effects of longterm nasal continuous positive airway pressure therapy on
morphology, function, and mucociliary clearance of nasal
epithelium in patients with obstructive sleep apnea
syndrome. [Journal Article] Laryngoscope. 114(8):1431-4,
2004 Aug.
30. HM Engleman, SE Martin, and NJ Douglas Compliance
with CPAP therapy in patients with the sleep apnoea/
hypopnoea syndrome Thorax, Mar 1994; 49: 263 - 266.
31. GN Richards, PA Cistulli, RG Ungar, M Berthon-Jones, and
CE Sullivan Mouth leak with nasal continuous positive airway
pressure increases nasal airway resistance Am. J. Respir.
Crit. Care Med. 154: 182-186.
32. Wiest GH. Fuchs FS. Brueckl WM. Nusko G. Harsch IA.
Hahn EG. Ficker JH. In vivo efficacy of heated and nonheated humidifiers during nasal continuous positive airway
pressure (nCPAP)-therapy for obstructive sleep apnoea.
[Journal Article] Respiratory Medicine. 94(4):364-8, 2000
Apr.

21. Rauscher H. Popp W. Wanke T. Zwick H. Acceptance of
CPAP therapy for sleep apnea. [Journal Article] Chest.
100(4):1019-23, 1991 Oct.

33. MH Sanders and N Kern Obstructive sleep apnea treated
by independently adjusted inspiratory and expiratory positive
airway pressures via nasal mask. Physiologic and clinical
implications Chest, Aug 1990; 98: 317 - 324.

22. Hoffstein V. Viner S. Mateika S. Conway J. Treatment of
obstructive sleep apnea with nasal continuous positive
airway pressure. Patient compliance, perception of benefits,
and side effects. [Journal Article] American Review of
Respiratory Disease. 145(4 Pt 1):841-5, 1992 Apr.

34. Schafer H. Ewig S. Hasper E. Luderitz B. Failure of CPAP
therapy in obstructive sleep apnoea syndrome: predictive
factors and treatment with bilevel-positive airway pressure.
[Journal Article] Respiratory Medicine. 92(2):208-15, 1998
Feb.

23. RE Waldhorn, TW Herrick, MC Nguyen, AE O’Donnell, J
Sodero, and SJ Potolicchio Long-term compliance with nasal
continuous positive airway pressure therapy of obstructive
sleep apnea Chest, Jan 1990; 97: 33 - 38.

35. Sharma S, Wali S, Pouliot Z, Peters M, Neufeld H, Kryger
M. Treatment of obstructive sleep apnea with a self-titrating
continuous positive airway pressure (CPAP) system. SLEEP
1996;19:497-501

24. Kribbs NB. Pack AI. Kline LR. Smith PL. Schwartz AR.
Schubert NM. Redline S. Henry JN. Getsy JE. Dinges DF.
Objective measurement of patterns of nasal CPAP use by
patients with obstructive sleep apnea.[see comment].
[Journal Article] American Review of Respiratory Disease.
147(4):887-95, 1993 Apr.

36. H Teschler, TE Wessendorf, AA Farhat, N Konietzko, and M
Berthon- Jones Two months auto-adjusting versus
conventional nCPAP for obstructive sleep apnoea syndrome
Eur Respir J 2000 15: 990-995.

25. Nigel mcardle, graham devereux, hassan heidarnejad,
heather m. Engleman, thomas w. Mackay, and neil j.
Douglas Long-term Use of CPAP Therapy for Sleep Apnea/
Hypopnea Syndrome Am. J. Respir. Crit. Care Med. 159:
1108-1114.
26. Weaver TE, Kribbs NB, Pack AI, Kline LR, Chugh DK, Maislin
G, Smith PL, Schwartz AR, Schubert NM, Gillen KA, Dinges
DF. Night-to-night variability in CPAP use over the first three
months of treatment. SLEEP 1997;20:278-83
27. Chervin RD, Theut S, Bassetti C, Aldrich MS. Compliance
with nasal CPAP can be improved by simple interventions.
SLEEP 1997;20:284-9

37. Farre R. Montserrat JM. Rigau J. Trepat X. Pinto P. Navajas
D. Response of automatic continuous positive airway
pressure devices to different sleep breathing patterns: a
bench study. Evaluation Studies. Journal Article] American
Journal of Respiratory & Critical Care Medicine.166(4):46973, 2002 Aug 15.
38. F. Sériès and I. Marc Importance of sleep stage- and body
position-dependence of sleep apnoea in determining
benefits to auto-CPAP therapy Eur. Respir. J., Jul 2001; 18:
170 - 175.
39. Sunil Sharma and Mary E. Klink Comparison of CPAP
titration pressures as obtained by overnight split-night study
versus Auto- CPAP titration at home for 2 weeks Chest
Meeting Abstracts 2004 126: 783S

28. Sforza E, Lugaresi E. Daytime sleepiness and nasal
continuous positive airway pressure therapy in obstructive

Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 1, 2006

