
Laser-assisted uvulopalatoplasty (LAUP) recently has
been widely publicized as a treatment for snoring. As an
office-based surgical procedure, this operation does not
require general anesthesia or hospitalization as do more tra-
ditional operations of the upper airway. Because this oper-
ation can be performed so easily, its use has proliferated
rapidly even though no published objective data exist
regarding its effects on snoring or sleep-disordered breath-
ing.

Recent publicity about LAUP has led to confusion and
controversy over the appropriate evaluation and treatment
of snoring as well as patients' expectations of the proce-
dure. Pertinent issues related to the use of LAUP as a treat-
ment for snoring include: an understanding of snoring and
its correlation with disease; the appropriate patient evalua-
tion; LAUP's role in the treatment of obstructive sleep
apnea (OSA); and the effectiveness, potential risks and
complications of LAUP.

METHODS

After performing a literature search, based primarily on
MEDLINE (1967-1994) and appropriate texts, the
Standards of Practice Committee of the American Sleep
Disorders Association, in conjunction with specialists and
other interested parties, developed the following review
and recommendations. Whenever possible, the conclusions
are based on evidence from randomized controlled studies
that were published in peer-reviewed journals; however,
when scientific data are absent, insufficient or inconclu-
sive, the recommendations are based upon consensus opin-
ion.

The Board of Directors of the American Sleep Disorders
Association approved these recommendations. All mem-
bers of the American Sleep Disorders Association's
Standards of Practice Committee and Board of Directors
completed detailed conflict of interest statements and were
found to have no conflicts of interest with regard to this
subject.
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that should meet the needs of most patients in most situa-
tions. These guidelines should not, however, be considered
inclusive of all proper methods of care or exclusive of other
methods of care reasonably directed to obtaining the same
results. The ultimate judgment regarding the propriety of
any specific care must be made by the physician in light of
the individual circumstances presented by the patient and
the available diagnostic and treatment options and
resources.

The American Sleep Disorders Association expects
these guidelines to have an impact on professional behav-
ior, patient outcomes and, possibly, healthcare costs. These
practice parameters reflect the state of knowledge at publi-
cation and will be reviewed, updated and revised as new
information becomes available.

PROCEDURE

LAUP differs significantly from traditional uvu-
lopalatopharyngoplasty (UPPP) in both surgical tech-
nique—a one-to-seven-session series of carbon dioxide
(CO2) laser vaporizations of the uvula with linear incisions
of the palate—and the setting where it is performed—an
office using only topical and small amounts of injectable
anesthesia and no sedation (1,2). LAUP is not traditional
palatopharyngoplasty performed with a C02 laser; instead,
LAUP excises only part of the uvula and associated soft-
palate tissues and does not remove or alter tonsils or later-
al pharyngeal-wall tissues. The resultant shortening of the
palate and reduction of the uvula, both of which are associ-
ated with the vibratory noise of snoring, may reduce or
alter snoring.

SNORING AND ITS ASSOCIATION WITH DISEASE

Snoring, a low—frequency (200- 1,000 Hz) inspiratory
or expiratory noise, occurs during sleep as a result of air-
flow limitation and the associated vibration of pharyngeal
tissues, primarily the uvula, palate, lateral pharyngeal walls
and, less frequently, the lower oropharynx, hypopharynx or
epiglottis (3). Scientific and medical evidence suggest an
association between snoring and daytime sleepiness (4),
hypertension (5), cardiovascular disease (6,7) and stroke (8,9).

Lugaresi's model of sleep-disordered breathing
describes primary snoring as one end of a continuum, with
OSA at the other, and upper airway resistance syndrome
(UARS) between the two (10). Young et al. report the inci-
dence of significant respiratory disturbance during sleep in
males who habitually snore as 17%—34% (11). OSA and
other sleep-related breathing disorders, including UARS,
are more common in habitual snorers than in nonsnorers.

Snoring can occur with UARS, in which upper-airway
collapse and increased inspiratory pressure can produce
sleep fragmentation but not the apneas and hypopneas tra-
ditionally associated with OSA (12,13). Many patients with

UARS have abnormal tongue-base segments (13). Though
data are not available for the use of LAUP in the treatment
of UARS, data do exist for UPPP use in OSA. Some
patients with OSA who have undergone a UPPP procedure
have had their snoring eliminated, but the operation has not
changed their underlying airflow limitations and patholo-
gies (14,15). These same effects may occur with the less
extensive LAUP procedure.

In summary, snoring should not be assumed benign and
merely a socially disruptive noise to be eliminated.
However, no evidence currently exists demonstrating the
cost-effectiveness of embarking on a full polysomnograph-
ic study in patients whose only complaint is disruptive
snoring. Lacking such objective data, medical prudence
dictates that patients who undergo an LAUP procedure
must be preoperatively evaluated in the context that dis-
ruptive snoring may indicate the presence of OSA or
UARS.

LAUP AND OSA

Loud snoring is recognized as the cardinal symptom of
OSA (16,17), a disorder with significant morbidity and mor-
tality. The role of LAUP in OSA is unknown, though LAUP
is likely to have limited effects in treating this disease. As
a single procedure, palatal surgery is often only partially
effective in treating OSA because the obstruction is most
frequently diffuse or occurring at multiple sites. We do not,
therefore, anticipate that LAUP will have better results.
Any palatal procedure should be viewed as one stage of a
more complex treatment protocol. By attempting to elimi-
nate the snoring and not the underlying pathophysiology
causing the OSA, the use of LAUP in this context may, in
fact, increase morbidity by eliminating the snoring and
lulling both the physician and the patient into a false sense
of security.

Palatopharyngoplasty (or LAUP if eventually proven to
be efficacious) may potentially be a viable treatment option
for some patients with OSA. Patients who do undergo
LAUP for the treatment of OSA cannot have their treatment
results based merely on improvement of their snoring and
reduced sleepiness but require repeat objective testing.
These patients must be made aware that their OSA may be
unaffected by this operation, and they may need to use
nasal continuous positive airway pressure, or other treat-
ments that have demonstrated effectiveness, until post-
LAUP polysomnography objectively demonstrates remis-
sion of OSA. In the event that LAUP fails to reduce the
indices measuring apnea (i.e. sleep fragmentation, daytime
sleepiness, respiratory disturbance index) to an acceptable
level, the patient will need to use other effective treatment.
The topic of "acceptable levels of apnea indices" is beyond
the scope of this document and readers are referred else-
where (18).
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PATIENT EVALUATION

No screening method has been validated for studying
populations at risk for having or developing OSA. Some
researchers advocate using clinical symptoms, such as
hypersomnolence, fatigue and morning sleepiness, to deter-
mine the need for sleep studies; a lack of these symptoms,
however, is a poor indicator of lack of disease. Hoffstein
and Szalai found that up to 40% of patients with objective-
ly documented OSA failed to report each of these symp-
toms (19). The usefulness of questionnaires as a single
screening measure for OSA in a population of extremely
loud snorers has also not been validated (20-22).

Clinical symptoms alone are inadequate in ruling out
OSA and may result in a failure to diagnose OSA.
Preoperative assessment must include a combination of
clinical evaluation and an objective measure of respiration
during sleep. A missed diagnosis could result in a patient
undergoing an irreversible surgical procedure that does not
address the true underlying disease pathology.

EFFECTIVENESS, RISKS AND COMPLICATIONS OF LAUP

Kamami used LAUP to treat 34 patients who presented
with a complaint of persistent snoring and reported that
snoring was eliminated or reduced to a “soft snore” in
77.4% of these patients (2). Most patients did not undergo
screening for OSA, but they did report a subjective
improvement in their daytime sleepiness after undergoing
this operative procedure. No long-term results are avail-
able. Kamami's second report regarding LAUP operations
for 25 patients with OSA presents limited objective data to
substantiate claims of "cure" or improvement (23).

Because objective data regarding LAUP are limited,
guidelines must be based on information from similar tech-
niques. LAUP shares characteristics with UPPP and well-
established data do exist for this procedure. Subjective
sleepiness is reduced and a short-term reduction in snoring
occurs in 76% and 76%-94%, respectively, of patients who
undergo a UPPP operation for the treatment of OSA (24,25).
However, objective testing demonstrates that less than 50%
of patients have a greater than 50% reduction in their apnea
hypopnea index (25). Flow limitations often persist and,
therefore, these patients may be at risk of developing OSA
as previously described. Fujita observed that 90% of his
patients had a marked reduction in their snoring following
a UPPP operation, yet the respiratory disturbance index
was reduced to less than 20 events per hour in only 43% of
patients and to less than 10 events per hour in only 10% of
patients (26,27). Other clinicians report similar results (28,29).

The operative risks of the LAUP procedure are specula-
tive because of the absence of objective data and the pauci-
ty of subjective data. Based on the nature of the LAUP
technique and previous experience with UPPP, risk of
changes in speech or swallowing are likely small (30). Two

groups of researchers report that the moderate to severe
postoperative pain lasts from 1 to 8 days in 60%-75% of
patients who undergo UPPP operations performed with
CO2 laser (31,32). Other reports indicate that patients experi-
ence pain for a longer period, often up to 14-21 days after
surgery (Jack Coleman, Jr. M.D., unpublished data, June
1994).

The smoke plume from lasers has been recognized as a
biological and a chemical hazard for both the surgical per-
sonnel and the patient, particularly for patients undergoing
operations involving the airway. Laser devices should be
used in conjunction with an efficient smoke evacuator (33).

Postoperative swelling can result in airway complica-
tions for patients who have marginal airways, and clinical
examination does not always disclose this marginal airway.
The severity of OSA is not indicative of the degree of risk
for severe airway complications (34-36). Because the poten-
tial for developing airway complications following LAUP
does exist, patients should be cautioned about using nar-
cotic or sedative medications. The effects of narcotics on
the ventilation of nonapneic snorers who have had pharyn-
geal surgery is unknown (37); therefore, these patients
should use narcotics with caution or use either oral or top-
ical non-narcotic pain medications during the perioperative
period. Data confirm that patients should perioperatively
abstain from alcohol use because alcohol decreases upper-
airway muscle tone and closing pressures in snorers (38).

Modification of snoring should not be performed casual-
ly. No evidence from controlled studies indicates that
LAUP alters pathologic respiration; therefore, procedures
such as LAUP that are directed at eliminating this disrup-
tive noise may place patients at unknown risk. Because
inadequate validation studies exist regarding LAUP, pru-
dence dictates that patients who elect this procedure under-
go appropriate preoperative evaluation and postoperative
follow-up.

CONCLUSIONS AND RECOMMENDATIONS

1. Because adequate peer-reviewed objective data do not
exist regarding the effectiveness of LAUP for the treatment
of sleep-related breathing disorders, including OSA, LAUP
is not recommended for the treatment of these disorders.
2. Surgical candidates for LAUP as a treatment for snor-
ing should undergo preoperative clinical evaluations that
include an objective measure of respiration during sleep. A
significant number of patients who present with a symptom
of snoring will have underlying, undetected, sleep-related
breathing disorders.
3. Patients should be informed that the risks, benefits and
complications of LAUP have not been established.
4. Patients who elect to undergo LAUP for the treatment of
snoring may be at risk of incurring a delay in the diagnosis
of OSA because snoring, a primary diagnostic symptom of
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OSA, may be obviated by this surgical procedure. Patients
must be specifically informed of this risk and should be
evaluated on a biennial or, preferably, annual basis.
5. The perioperative use of narcotics may pose risks for
patients who have undergone LAUP operations; therefore,
careful clinical judgment should be used when prescribing
pain medications. Patients should avoid the use of sedative
medications, sleeping pills and alcohol during the perioper-
ative period.

Consultant: B. Tucker Woodson, M.D., Assistant
Professor of Surgery, Department of Otolaryngology and
Human Communication, Medical College of Wisconsin,
Milwaukee, WI.

Reviewers: Martin Hopp, M.D.; A. E. Sher, MD;
George Katsantonis, M.D.; Nelson Powell, M.D.; Thomas
Rojewski, M.D.; Dudley Weider, M.D., F.A.C.S.; Jack A.
Coleman, Jr., M.D.
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INTRODUCTION
LASER-ASSISTED UVULOPALATOPLASTY (LAUP) HAS
BEEN PROMOTED AS A TREATMENT OF SNORING, AND
IN SOME CASES, for sleep-related breathing disorders includ-
ing obstructive sleep apnea (OSA).  This surgical procedure is
typically performed in an outpatient setting with local anesthesia
and without postoperative hospitalization.  At the present time,
LAUP is in current use.  In this article, we review the appropri-
ate patient evaluation and the effectiveness, potential risks, and
complications of LAUP for OSA, and provide recommendations
for its use. This update generally examines evidence for LAUP in
the therapy of OSA since the publication of the expert review;1

grades the evidence available; and modifies and replaces the
1994 practice parameters.1

METHODS
Medline searches for articles on LAUP were conducted

through September 2000.  Key words for the search included
LAUP, laser-assisted uvulopalatoplasty, laser-assisted uvuloplas-
ty, laser surgery, somnoplasty, base of the tongue reduction, uvu-
lopalatopharyngoplasty (UPPP), uvulopalatoplasty, uvuloplasty,
uvulectomy, uvulotomy, uvula, and all possible combinations of
the preceding terms with snoring, obstructive sleep apnea, sleep
apnea syndromes, and upper airway surgery.  This search led to a
total of 641 articles.  Thirty-two of these articles were published
prior to the original American Academy of Sleep Medicine's

(AASM) Practice Parameters for the Use of Laser-Assisted
Uvulopalatoplasty1 in 1994, which incorporated 17 of the 32 arti-
cles in that previous review of the literature.  Articles in all lan-
guages were considered for inclusion, and were screened based
on their English-language abstracts.  A total of 123 articles were
identified as potentially relevant based on review of the abstracts.
Of these, 90 were obtained in full length and examined.  Upon
review of these articles, an additional 45 references were discov-
ered by pearling (i.e., the process of selecting relevant articles
referenced in the original article). These were references located
in publications not typically found through Medline.  The types
of these publications, with the total number of publications per
type (in parentheses) are listed:  books (6), coursebooks (1),
meeting and symposium abstracts or proceedings (8), highly spe-
cific or trade journals (30).  Articles entered into the evidence
tables (Tables 1 and 2) included randomized trials and nonran-
domized controlled or concurrent cohort studies on the compari-
son with UPPP for snoring and OSA (Table 1) and peer-reviewed
case series and historical cohort studies on the efficacy of LAUP
for OSA (Table 2), with a minimum of five patients and a clear-
ly defined outcome that could be used to adequately assess the
therapy. In the case of the peer-reviewed case series and histori-
cal cohort studies entered in Table 2, studies were included only
if the "effect size" (Table 3) or the overall effect of LAUP on the
number of respiratory events during sleep (described below)
could be derived from the article.  Articles describing nonran-
domized historical cohort studies (13), case series (45), and other
studies (69) derived from the search were found useful as back-
ground articles.  The Standards of Practice Committee's levels of
evidence (Table 4) for treatment-related evidentiary articles,
which are used to support the strength of the recommendations
(Table 5) in this paper, are found in the evidence tables (Tables 1
and 2). 
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Summary: Laser-assisted uvulopalatoplasty (LAUP) is an outpatient sur-
gical procedure which is in use as a treatment for snoring. LAUP also has
been used as a treatment for sleep-related breathing disorders, including
obstructive sleep apnea.  The Standards of Practice Committee of the
American Academy of Sleep Medicine reviewed the available literature,
and developed these practice parameters as a guide to the appropriate
use of this surgery.  Adequate controlled studies on the LAUP procedure
for sleep-related breathing disorders were not found in peer-reviewed
journals. This is consistent with findings in the original practice parameters
on LAUP published in 1994.  The following recommendations are based

on the review of the literature:  LAUP is not recommended for treatment
of sleep-related breathing disorders. However, it does appear to be com-
parable to uvulopalatopharyngoplasty (UPPP) for treatment of snoring.
Individuals who are candidates for LAUP as a treatment for snoring should
undergo a polysomnographic or cardiorespiratory evaluation for sleep-
related breathing disorders prior to LAUP and periodic postoperative eval-
uations for the development of same. Patients should be informed of the
best available information of the risks, benefits, and complications of the
procedure. 
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On the basis of this review and noted references, the Standards
of Practice Committee of the American Academy of Sleep
Medicine, in conjunction with specialists and other interested
parties, developed the review and recommendations included in
this paper.  In most cases, the conclusions are based on evidence
from studies published in peer-reviewed journals that were eval-
uated as noted in the evidence tables (Tables 1 and 2).  However,
when scientific data are absent, insufficient, or inconclusive, the
recommendations are based upon consensus opinion.  The
strength of each recommendation is based on the level of the evi-
dence available or on consensus when evidence is lacking.

The Board of Directors of the American Academy of Sleep
Medicine approved this review and these recommendations.  All
authors of this review, members of Standards of Practice
Committee, and the Board of Directors completed detailed con-
flict-of-interest statements and were found to have none with
regard to this subject.

These practice parameters define principles of practice that
should meet the needs of most patients in most situations.  These
guidelines should not, however, be considered inclusive of all
proper methods of care or exclusive of other methods of care rea-
sonably directed toward obtaining the same results.  The ultimate
judgment regarding the propriety of any specific care must be
made by the physician in light of the individual circumstances
presented by the patient and the available diagnostic and treat-
ment options as resources.

The American Academy of Sleep Medicine expects these
guidelines to have a positive impact on professional behavior,
patient outcomes and, possibly health care costs.  These practice
parameters reflect the state of knowledge at the time of develop-
ment and will be reviewed, updated, and revised, as new infor-
mation becomes available.

Background
LAUP is a surgical procedure that typically relies on the use

of a carbon dioxide (CO2) laser to vaporize the uvula and a part
of the free edge of the soft palate during one to several sessions.
Within the scope of this definition, various degrees of tissue are
ablated using slightly different techniques.  This procedure is dif-
ferent from conventional uvulopalatopharyngoplasty (UPPP), in
that LAUP is performed during a comparatively brief surgical
session, reduces far less palatal tissue and does not alter the ton-
sils or the pharyngeal pillars, uses a laser rather than a scalpel,
requires no wound closure, uses local rather than general anes-
thesia, is conducted in an ambulatory rather than hospital setting,
and requires no postoperative hospital stay.1 LAUP is distin-
guished from the laser palatoplasty procedure described by Ellis2

in which a soft palate lesion produced by a neodymium:yttrium-
aluminum-garnet laser induces scarring, which stiffens the soft
palate and reduces "palatal flutter," which in turn, reduces snor-
ing.

Patient Evaluation
The selection process for candidates for this procedure ranges

from patient history, questionnaire data, use of the Müller maneu-
ver, oral and nasopharyngoscopic examination, polysomnogra-
phy, and a variety of imaging studies.  Although some investiga-
tors proposed decision algorithms3 or imaging studies to localize

the site of obstruction,4,5 there is no consensus on the preopera-
tive selection process for this procedure.  However, a patient
deciding on LAUP as a treatment for snoring should be properly
screened for a more severe sleep-related breathing disorder such
as OSA.  Clinical evaluation can be unreliable; a clinical history
and results of a physical examination by a physician to generate
a subjective judgment as to whether a given patient did or did not
have OSA yielded a correct identification in 52% of patients with
OSA and a specificity of 70%.6 Another study showed that out
of 73 patients seeking LAUP treatment, 69 (95%) had OSA by
polysomnography, even though 41% presented only with a com-
plaint of snoring.7 Additionally, the patients' subjective ratings of
snoring loudness, frequency, and consequences did not correlate
with any of the respiratory variables obtained by polysomnogra-
phy.   Thus, a sleep study, in the form of standard polysomnogra-
phy or Level III recording also called a cardiorespiratory study,8-

10 is indicated to exclude the possibility of OSA in potential can-
didates for this procedure for snoring. A Level III recording
includes at least four channels with recording of at least two res-
piratory effort channels or a respiratory effort channel and an air-
flow channel, plus oximetry and either heart rate or electrocar-
diogram.

Effectiveness, Risks, and Complications of LAUP for Snoring
and OSA

In 1990, Kamami described the use of LAUP on 31 adult
patients.11 Following up to seven sessions a maximum of three
weeks apart, snoring was completely eliminated or remained as
an occasional soft snore in 24/31 (77.4%) of the patients, and a
persistent non-disturbing snore in 7/31 (22.6%) of the patients.
Neither infection nor significant bleeding was detected; patients
reported pain similar to a simple "sore throat."  The patients noted
improvement in fatigue, morning headaches, and irritability;
however, it is unknown whether any of the subjects had OSA,
since preoperative screening polysomnography was not per-
formed.

Although there are a number of case series subsequent to
Kamami's original study, randomized placebo-controlled studies
on the effectiveness of LAUP for OSA are lacking. This lack pro-
vides evidence of limited value in determining if LAUP has effi-
cacy in OSA. However, by combining a number of the case series
studies,5,12-17 it is possible to determine an overall effect of LAUP
on the number of respiratory events during sleep. The "effect
size" of each study is derived from the difference between the
pre- and post-LAUP number of apneas and hypopneas per hour
of sleep (also called the pre- and post- apnea hypopnea index,
AHI) divided by the standard deviation of the pre-LAUP AHI.18

The effect size can be adjusted by a factor related to the number
of subjects in each study.19 The overall effect of a number of stud-
ies can be expressed as the average of the sum of individual unad-
justed or adjusted effect sizes18,19 of each study. The case series
studies were selected from the total number of case series articles
obtained through our literature search.  The criteria used for
inclusion of these articles in the calculation of effect size were
studies in which the mean pre- and post-LAUP AHI across sub-
jects as well as the pre-LAUP standard deviation were provided
in the article, or could be derived from data present in the article.
When the effect size analysis was performed (Table 3), the aver-
age unadjusted effect size was 0.392. The average adjusted effect
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size was 0.251. Because there is no comparison with placebo or
with another procedure, it is difficult to determine if this effect is
likely to be meaningful. However, in general, an effect size
between 0.2 and 0.5 (as is the average in the LAUP studies) is
considered to be in the small range.18 By comparison, an effect
size between 0.5 and 0.8 is considered to be medium and greater
than 0.8 is considered to be large.

The reader should be aware of the following in interpreting
information on LAUP. It is not clear if the general interpretation
of effect size can be applied to the specific case of LAUP. The
reduction in AHI may not be clinically significant since there are
few outcome measures such as sleepiness and systematic quality
of life reported in the literature. Although the overall effect is a
small improvement, individual patients may show no reduction
or an increase in AHI.20 Apart from the near-term post-operative
effects of LAUP on AHI, the long-term efficacy of LAUP on
OSA is undefined. Interpretation of the effect of LAUP is based
on studies that have described different surgical procedures rang-
ing from excising comparable amounts of tissue as those
removed with UPPP,21 to varied and lesser excisions.22,23

As illustrated in Table 2, there are six Level III studies, repre-
senting nonrandomized controlled or concurrent cohort studies,
3,21,24-27 comparing LAUP vs. UPPP (either with or without ton-
sillectomy).3,21,24-27 One study evaluated OSA,24 one study exam-
ined snoring and OSA3 and one study examined snoring and
upper airway size.26 Two of the three studies showed a decrease
in AHI which because of sample size could not be compared for
degree of efficacy to UPPP;3,24 the remaining study showed wors-
ened postoperative upper airway anatomic characteristics by oral
and nasopharyngoscopic examination for LAUP compared to
UPPP patients.25 Four studies reported subjective postoperative
improvement in snoring levels with LAUP and no significant dif-
ferences in levels of improvement between LAUP vs.
UPPP.3,21,26-27 However, interpretation of the results of all of the
above studies is difficult given the relative lack of detailed statis-
tical analyses of the data.  As mentioned above, comparisons
between studies are further limited by lack of standardization of
the procedure.  

Lastly, the long-term effectiveness of LAUP on treatment of
snoring has not been convincingly established.  Two separate
studies found snoring improvement of 89.6% and 90%, in
patients assessed between one and eight years and at five years
following LAUP.28,29 Less satisfactory results were found in a
study that showed snoring improvement was reduced to 62.2%
beyond two years.14 Another study found that 22% of patients
had recurrence of snoring between 18 and 24 months following
LAUP, with an overall success rate of 55% at 24 months,30 and a
separate study found snoring improvement in 43% of patients,
with 21% showing no improvement and 36% showed significant
deterioration on sleep studies performed 3 to 24 (mean=7)
months postoperatively.31 Following an average post-LAUP
duration of four years, another study found that 51.6% of patients
reported that their snoring was eliminated.13 As mentioned , the
long-term efficacy on LAUP on OSA is not defined but should be
considered problematic in view of the inconsistent findings on
the long-term efficacy of LAUP on snoring.

There are data to suggest that the pain levels associated with
LAUP may be comparable to those of UPPP.  One study showed
no difference between the average pain scores for the first (typi-

cally the most painful) LAUP stage and UPPP.26 However, the
patients treated with UPPP remained in the hospital overnight
and received parenteral analgesia.  Another study showed similar
maximum pain peaks and intensity for LAUP vs. UPPP, with
comparable mean durations of the pain period of 13.76 and 11.80
days, respectively.3 Similar results were reported in a separate
study, which found comparable mean durations of the pain peri-
od for LAUP (13.8 days) vs. UPPP (14.3 days).32

Besides pain, the most commonly reported side effects from
LAUP appear to be transient velopharyngeal insufficiency, minor
bleeding, local infection, globus sensation, and minor dysphonia
and dysphagia.33,34 Based on the literature review, the most com-
mon side effects with their reported frequency of occurrence are
listed in Table 6.  In 27% of LAUP patients, either persistent dys-
phagia35 or mild or moderate scar fibrosis24 have been observed.
Postoperative swelling may compromise an already marginal
upper airway; use of narcotics or sedatives may further compli-
cate this problem.  Alcohol should be avoided because of its
adverse effects on upper airway muscle tone and closing pres-
sures in snorers.36 The smoke plume from lasers can create a bio-
logical and chemical hazard for the patient and surgical team;
however, an efficient smoke evacuator used during LAUP can
obviate this hazard.37

There is also evidence to indicate that LAUP may result in a
diminished velopharyngeal air space and decreased distensibili-
ty.25 This study suggests that these structural modifications of the
upper airway may decrease airway resistance, resulting in further
narrowing during inspiration and collapse of the upper airway at
the level of the tongue base, and consequent OSA.  These results,
from an anatomical perspective, indicate that LAUP may have a
worse outcome than UPPP.  A separate study examining LAUP
patients between 48 and 72 hours after LAUP found worsening
of the AHI, with a significant decrement in the cross-sectional
area of the airway by videoendoscopy.20 A study examining
histopathologic changes of the soft palate after LAUP found
extensive thermal-induced changes including diffuse fibrosis,
oral epithelia ulceration, and a patchy inflammatory reaction,
which the authors speculate may be responsible for worsening of
OSA.38

The selection process for candidates for LAUP or the anatom-
ic, histopathologic, and physiologic effects of this procedure
have not been well characterized, and there is a lack of under-
standing of its consequences on pathologic respiration and its
long-term effectiveness.  In general, since insufficient data exists
on the effectiveness and risks of LAUP, patients who elect to
undergo this procedure as a treatment for snoring should have
appropriate preoperative evaluation including screening for
OSA, and should have close postoperative follow-up to monitor
the patient for possible complications of this procedure.

CONCLUSIONS AND RECOMMENDATIONS
The following recommendations of the Standards of Practice

Committee and the Board of Directors of the American Academy
of Sleep Medicine are similar to those published in its last report
in 1994, since adequate controlled studies on the LAUP proce-
dure were not found in peer-reviewed journals.  The classifica-
tion of evidence was adapted from the suggestions of Sackett39

(Table  4).  Recommendations are given as standards, guidelines,
and options, as defined in Table 5.
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1. LAUP is not recommended for the treatment of the
sleep-related breathing disorders including obstruc-
tive sleep apnea. (Guideline)

There is insufficient evidence to recommend LAUP for
the treatment of the obstructive sleep apnea syndrome.
The Level V, Grade C evidence from seven articles5,12-17

indicates that LAUP provides a small overall decrease in
AHI in a group of patients, that preoperative prediction
strategies for selecting patients who respond have not
been developed, that some patients may have an
increase in AHI, and that there is insufficient informa-
tion on other outcome measures or long-term efficacy.
Therefore, we do not recommend LAUP for the treat-
ment of obstructive sleep apnea. This recommendation
is similar to a recommendation of the previous practice
parameter paper.1

2. LAUP is not recommended as a substitute for UPPP
in the treatment of sleep-related breathing disorders
including obstructive sleep apnea.  (Guideline)

There are three studies with Level III, Grade C evi-
dence3,24,25 on comparison including measurement of
AHI or airway size.  When considered in conjunction
with the small effect size of LAUP on AHI, these stud-
ies provide insufficient evidence to indicate that LAUP
is an acceptable substitute for UPPP with respect to
either effectiveness or side effect profiles as a treatment
for OSA. This is a new recommendation.

3. LAUP appears comparable to UPPP in relieving sub-
jective snoring. (Guideline)

There are 4 Level III, Grade C studies that compare
LAUP to UPPP for snoring. These studies suggest that
LAUP can reduce snoring measured by subjective crite-
ria to a similar degree as UPPP. This is a new recom-
mendation.

4. Surgical candidates for LAUP as a treatment for
snoring should undergo a preoperative clinical eval-
uation and a polysomnographic or a cardiorespirato-
ry study8-10 to determine if the candidate has a sleep-
disordered breathing disorder including obstructive
sleep apnea. (Standard)

Since snoring is a primary diagnostic symptom,
patients who undergo LAUP should be informed of
the need for periodic evaluation for subsequent
development of obstructive sleep apnea even if the
procedure reduces or eliminates snoring. (Standard)

These recommendations are based on information
regarding the natural course of OSA. Snoring may pre-
date onset of OSA, as well as other symptoms of OSA
such as excessive daytime sleepiness.40 Although snor-
ing is neither necessary nor sufficient for the diagnosis
of a sleep-related breathing disorder, it is frequently an

associated symptom.  It is estimated that the occurrence
of obstructive sleep apnea ranges from 25% to as high
as 95% in snorers.8,9 In one study reviewing patients
seeking LAUP treatment specifically for snoring, 95%
had OSA by polysomnography.5 The presence of other
risk factors for sleep apnea such as obesity and age, as
well as other associated symptoms such as daytime
sleepiness and witnessed breathing pauses, increase the
risk for concomitant sleep apnea.  Given the life-threat-
ening conditions (e.g., myocardial infarction, cardiac
failure, stroke) associated with sleep-related breathing
disorders and the increased risk for motor-vehicle or
industrial accidents secondary to the daytime sleepiness
related to sleep-disordered breathing, it is prudent to test
for these disorders.  Patients who elect to undergo
LAUP for the treatment of snoring may also be at risk of
incurring a delay in the diagnosis of OSA because snor-
ing may be reduced or eliminated by LAUP.  Thus, after
LAUP for treatment of snoring, the patient should be
notified regarding the possibility of developing OSA,
and should be monitored for the occurrence of this dis-
order. These recommendations are similar to recom-
mendations of the previous practice parameter paper.1

5.  The need for medications that affect respiration dur-
ing the perioperative period should be assessed dur-
ing the preoperative clinical evaluation (Standard).

This recommendation is based on consensus of the SPC.
the perioperative use of narcotics may pose risks for
patients who have undergone LAUP operations; there-
fore, the need for these medications should be carefully
assessed during the preoperative clinical evaluation.
Careful clinical judgment should be used when pre-
scribing other pain medications, sedatives, sleeping pills
and alcohol during the perioperative period.  The ratio-
nale is that these medications may blunt respiratory
drive.  This is especially important since postoperative
swelling may reduce the caliber of an already narrowed
airway.  Alternatives, such as oral or topical non-narcot-
ic pain medications during the perioperative periods,
should be used whenever possible, and hypnotics and
alcohol should be avoided because of their deleterious
effects on upper airway tone. This recommendation is
similar to a recommendation of the previous practice
parameter paper.1

6.    Patients should be informed of the risks and compli-
cations of LAUP.  (Standard)

There are studies specifically evaluating the risks and
complications of LAUP (Table 6).  Any patient electing
to undergo LAUP for treatment of snoring should be
informed of the potential risks and complications of this
procedure. This recommendation is based on the docu-
mented risks of LAUP and SPC consensus and is simi-
lar to a recommendation of the previous practice param-
eter paper.1
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RECOMMENDATIONS FOR FUTURE RESEARCH
Investigations to identify the best treatment for snoring or

OSA should include well-powered, multicenter clinical trials
using randomized study designs with an appropriate endpoint or
outcome.  The use of objective measures for evaluating outcomes
and sham or sub-therapeutic controls is encouraged.  Future stud-
ies should provide LAUP definitions, long-term effectiveness
data, cost-benefit analyses, direct comparison between different
treatments, and the impact of treatment on quality of life.
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SD - Standard Deviation of the mean

SE - Standard error of the mean

SE = SD/(square root of the number of subjects)

* Time from last LAUP treatment to post-LAUP PSG

** Effect size = (Pre-LAUP AHI mean - Post-LAUP AHI mean) / Pre-LAUP AHI standard deviation

***unadjusted average is the sum of the individual effects sizes/the number of studies (7 in this case)

****adjusted average is 1/SE2 times [(Pre-LAUP AHI mean - Post-LAUP AHI mean)/ Pre-LAUP AHI standard deviation] for each
study and summing the results. This sum is divided by the sum of the 1/SE2 for each of the 7 studies where SE is the standard
error of the pre-LAUP mean

NA - Not applicable

*Alpha error refers to the probability (generally set at 95% or greater) that a significant result (e.g., p<0.05) is the correct conclusion of the
study or studies.  Beta error refers to the probability (generally set at 80% or 90% or greater) that a nonsignificant result (e.g., p>0.05) is the
correct conclusion of the study or studies.  The estimation of beta error is generally the result of a power analysis.  The power analysis
includes a sample size analysis which projects the size of the study population necessary to ensure that significant differences will be
observed if actually present.
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