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Objective: Laser-assisted uvulopalatoplasty (LAUP) has been used as a treatment option for

snoring and obstructive sleep apnea for almost three decades. It has been previously reported

that some patient’s sleep-disordered breathing worsened following surgery. The aim of this

paper is to further elucidate the specific complications of LAUP.

Data sources: A systematic search of the electronic databases MEDLINE/PubMed, Google

Scholar, and Embase.

Review methods: The PRISMA statement was followed. Databases were searched from

inception through September 2, 2018. The following search was applied to MEDLINE/PubMed

((laser AND uvul*) OR (LAUP) OR (LAVP) OR (laser AND (apnea OR apnoea OR sleep))).

Results: Forty-two studies with a mean follow-up of 16.1 months reported complications on

3,093 total patients who underwent LAUP. The percentages and associated complications of

LAUP are as follows: bleeding (2.6%), candidiasis (0.3%), dryness (7.2%), dysgeusia

(0.3%), dysosmia (0.2%), globus sensation (8.2%), surgical site infection (1.3%), velophar-

yngeal (VP) insufficiency (3.9%), and VP stenosis (1.6%). The mean duration of patient-

reported pain in studies that reported pain was 11.65 days. Only globus and VP insufficiency

had a significant incidence compared with either the general population or the post-orophar-

yngeal surgery population with relative risks of 1.48 and 2.25, respectively. Overall, there

were approximately 26 complications per 100 patients who underwent LAUP.

Conclusion: LAUP is associated with a statistically significant rate of VP insufficiency and

globus sensation; however, studies lack details of surgical approaches, suggesting that in a

population identified as good candidates, a tissue-sparing approach may result in fewer

complications.
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Introduction
Laser-assisted uvulopalatoplasty (LAUP) is a method of treatment for snoring and

obstructive sleep apnea (OSA) that was first described in 1990 by Dr Kamami. The

procedure was based on progressive widening of the oropharynx by “successive

vaporizations of the vibrating soft palate, wide posterior tonsil pillars, and redun-

dant posterior pharyngeal mucosa” to prevent obstructions during sleep.1 While

evaluating this technique, he reported that the use of the carbon dioxide (CO2) laser

for uvulopalatoplasty had many advantages to conventional uvulopalatoplasty,

including avoidance of hospitalization and general anesthesia, and the idea that it

is a procedure that can be performed reliably, in-clinic, and is both hemostatic and

relatively painless.1 The disadvantages were cited as cost, multiple treatment ses-

sions, and technical setup.1 In a follow-up study, he reported 40 of 46 patients had
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>50% reduction in respiratory disturbance index (RDI) but

only half of those 40 (43.5%) had a significant reduction in

apnea-hypopnea index (AHI) or snoring. The six remain-

ing patients were reported as relative failures who did not

have any reduction in RDI or AHI.2

In 1994, the use of LAUP for treatment of snoring and

OSA had been recommended against by the American Sleep

Disorders Association for inadequate data and controlled stu-

dies in peer-reviewed journals.3 A 1999 meta-analysis on

LAUP by Verse and Pirsig upheld the recommendation that

“LAUP and its related procedures presently should not be

recommended for the treatment of any severity of OSA”

because long-term results were lacking; however, “short-

term results are promising.”4

A 2017 metanalysis and review of the literature, by

Camacho et al, reported on the effects of LAUP on AHI and

lowest oxygen saturation (LSAT). It found that LAUP had a

minimal effect on LSAT and reduced the overall AHI by 32%

among all patients; however, LAUP was successful for only

23% of patients.5 On an individual basis, 44% of patients

reportedly had worsening of the AHI. In light of this new

long-term information, this systematic review aims to report

the complications and side effects of LAUP to supplement

long-term outcome data.

Materials and methods
During the investigation for this systematic review, the

PRISMA statement and checklist were followed as closely

as possible.6 The articles were reviewed for relevance and

had the number and types of complications compiled for

analysis. Complications were recorded as an average num-

ber of that specific complication per person per study and a

standard error of the means was calculated to create the

95% confidence interval (CI) and extrapolate the data to a

larger population for simplistic interpretation. The varia-

bility is reported as either standard deviation or standard

error of the mean where applicable.

Relative risk (RR, or risk ratio) was computed by

taking the ratio of complications (eg, rate of complication

X for LAUP divided by the rate of complication X in the

general population). The point estimate is the RR obtained

from our literature review. Unfortunately, the RR does not

follow a normal distribution. However, the natural log (ln)

of the RR values are approximately normalized and was

used to produce the CIs presented. The antilog of the

upper and lower limits of the CI for ln(RR) provided the

published CIs.

Search parameters and study selection
A systematic search of the electronic databases MEDLINE/

PubMed and Embase was conducted before September 2,

2018 using the following search parameters: ((laser AND

uvul*) OR (LAUP) OR (LAVP) OR (laser AND (apnea OR

apnoea OR sleep))).

The literature search was performed independently by the

authors. Study titles and abstracts were screened and eligible

studies were identified as those that reported outcomes, com-

plications, or side effects of LAUP. Complications and side

effects of LAUP included bleeding, candidiasis, dehiscence,

dryness, dysgeusia, dysosmia, globus sensation, surgical site

infection (SSI), velopharyngeal (VP) insufficiency [reported

as VP insufficiency, hypernasal voice, or pharyngonasal

reflux], and VP stenosis [reported as VP stenosis or posterior

pillar narrowing]. The references of the initial articles were

evaluated and used for searching for additional literature. Our

search yielded 42 articles that included detailed information

about LAUP complications or outcomes.

Protocol approval
Tripler Army Medical Center was contacted and Protocol

16N14 was approved and used for this study. Formal

consent was not required.

Results
Forty-two articles evaluated LAUP complications with a

mean duration of patient follow-up of 16.1 months, a

median of 6 months, and a range of 0.5–134 months.

The total number of patients involved was 3,093. The

studies pertinent to this systematic review are listed in

Table 1 with their sample size and mean follow-up time.

A common side effect of surgery is pain; however, only 15

studies commented on pain as a side effect. The mean

duration of patient-reported pain for the 975 patients in

these studies was 11.65 (s=2.56) days. Ferguson et al did

not report a duration of patient-reported pain but instead

reported that 2 of 21 patients refused further procedures

due to severe pain that occurred after the primary surgery,

even though the pain resolved within several days.7 Of the

studies that commented on pain, only two of those

reported the mean duration of narcotic usage. The mean

duration of narcotic usage was 5.56 days among the 25

patients in the two studies.

The LAUP research found in this review reported the

following pertinent complications: bleeding, candidiasis,

dehiscence, dryness, dysgeusia, dysosmia, globus
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sensation, SSI, VP insufficiency, and VP stenosis. The

values in Table 2 represent the specific complications per

1,000 patients in those 42 combined studies. The total

number of LAUP complications based on a population of

1,000 patients with a 95% CI is 255.71±23.33 There were

no reported cases of dehiscence or VP fistulas. Globus and

dryness occurred in about 7–8% of cases. Bleeding and VP

insufficiency each occurred in 2–4% of cases. SSI and VP

Table 1 Complete list of the studies identified as pertinent to this systematic review with associated publication year, population size,

and any information about pain or narcotic use mentioned within the respective studies

Study primary author Year N Mean follow-
up (months)

Mean pain
duration (d)

Mean duration of
narcotic use (d)

Abdullah8 2008 19 2 - -

Astor9 1998 38 2 10.5 -

Belloso10 2006 18 12 - -

Berger11 2001 14 10.1 9.7 -

Carenfelt12 1991 146 - - -

Cheng13 1998 192 6 10 -

Chisholm14 2007 20 13.9 - -

Cincik15 2006 18 1 - -

Coleman16 1998 20 1 - -

Ferguson7 2003 21 8 - -

Finkelstein17 2002 26 12.3 - -

Godoy18 2009 178 - - -

Goktas19 2014 25 134 - -

Hanada20 1996 106 - - -

Haraldsson21 1990 105 3 - -

Iyngkaran22 2006 168 59 - -

Klozar23 2004 49 12 10 -

Klozar24 2007 73 12.2 7 -

Kotecha25 1998 95 9 - -

Kyrmizakis26 2003 59 40 12.5 -

Larrosa27 2004 13 3 13 -

Lim28 2007 20 6 - -

Lysdahl29 2002 8 96 - -

Maheshwar30 2002 33 53 14 -

Mickelson31 2009 59 1.5 - -

Negm32 2001 60 0.5 9 -

Neuruntarat33 2001 340 40.5 9.5 -

Osman34 2000 29 3.4 - -

Papadakis35 1999 321 12 - -

Pavelec36 2006 63 6 - -

Pinczower37 1998 60 3 - -

Pribitkin38 1998 48 3 - -

Rombaux39 2003 15 1.5 15 7.2

Ryan40 2000 44 3 - -

Scierski41 2003 68 - - -

Seemann42 2001 43 1 14 -

Sharp43 2001 29 75 - -

Skatvedt44 1996 100 18 - -

Terris45 2002 15 4 15.1 -

Troell46 2000 10 1 13.8 3.6

Walker47 1997 275 3 - -

Wareing48 1996 50 6 - -

Total 3093 16.1 11.65 (s =2.56) 5.56

Abbreviations: SEM, standard error of the mean; RR, relative risk; CI, confidence interval; SSI, surgical site infection; VP, velopharyngeal
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stenosis occurred in 1–2% of cases. Candidiasis, dysgeu-

sia, and dysosmia occurred in fewer than 1% of cases.

Reviewing the literature revealed four studies that expli-

citly reported no complications occurred for the 174

patients in those studies.8,14,20,34 Another study reported

that the only complication or side effect was pain.9

To understand the true risk of LAUP complications, the

incidence rates reported in Table 2 were compared to

selected population studies. These studies were selected

based on the following: recent publication, study type

(with reviews and meta-analyses favored over cohort stu-

dies), demographic matching (eg, gender), and those match-

ing for oral surgical or outpatients. Relative risk was

calculated using standard 2×2 tables and using the same

error analysis described in the methods section. Not all

incidence rates are published in the literature, but the rates

we were able to obtain from the literature review were

compared to reference surgical populations if available.

The only significant complications based on RR are globus

sensation49 and VP insufficiency50 with 95% CI of 1.07–2.06

and 1.29–3.94, respectively. The risks of post-operative

bleeding,51–54 dysgeusia,49 dysosmia,49 and oral dryness49

were not significantly elevated as compared to the referred

populations. Candidiasis,55 SSI,56 and VP stenosis57 rates did

not significantly correlate as LAUP complications.

Discussion
It was previously reported by Camacho et al in their 2017

meta-analysis and review of the literature that LAUP had a

minimal effect on LSATand caused worsening of the AHI in

44% of patients.5 Due to these seemingly poor outcomes, the

concern is now whether or not the procedure should be

performed at all and if so, what potential complications

could be anticipated. Fortunately, there are many publica-

tions that reported on these specific complications of LAUP;

however, there are some significant limitations with these

studies that have an impact on the interpretation of the data.

The most important is that some of the complications were

not commented on as transient or long term. There are

obvious transient complications like bleeding, candidiasis,

dehiscence, and SSI; however, it is unclear if dryness, globus,

dysgeusia, dysosmia, and VP insufficiency were related to

post-operative inflammation or if they are persistent compli-

cations. This is an important aspect of determining the weight

the complications should have when weighing the potential

benefits of a procedure against the risks.

When evaluating the rates of complications, it is impor-

tant to not only look at the RR but the average complica-

tions reported per person per study because the number of

reported complications reflects actual outcomes of the pro-

cedure whereas RR will provide a basis of how this data

relates to the general or post-oropharyngeal surgery popula-

tions. Overall, there was an average of about 0.256±0.023

complications per patient reported in the 42 studies which

extrapolates to a 95% CI of about 256±23 complications in

every 1,000 patients who undergo LAUP. A single patient

may develop multiple complications from the procedure.

The most common complications, aside from pain,

were globus sensation and dryness which were reported

with an incidence of about 8.2% and 7.2% of patients,

respectively. In the four studies with the longest follow-up

duration with a mean of 100.5 months, these two compli-

cations were reported at a rate of 12.2% and 10.8%,

respectively.19,22,29,43 This suggests that these may be

Table 2 Compiled statistics of the specific complications of laser-assisted uvulopalatoplasty that were reported by all 42 studies

Complication
(% of patients with complication)

Mean (reported
complications/
person/study)

SEM Extrapolated compli-
cations per 1000 peo-
ple with 95% CI

RR RR (95% CI)

Bleeding (2.6%) 0.02657 0.00091 26.57±1.79 0.43 0.27-0.67

Candidiasis (0.3%) 0.00255 0.00028 2.55±0.54 2.36 0.25-22.37

Dryness (7.2%) 0.07188 0.00396 71.88±7.77 0.46 0.35-0.59

Dysgeusia (0.3%) 0.00310 0.00020 3.10±0.39 0.05 0.02-0.15

Dysosmia (0.2%) 0.00159 0.00018 1.59±0.36 0.02 0.00-0.10

Globus (8.2%) 0.08160 0.00242 81.60±4.75 1.48 1.07-2.06

SSI (1.3%) 0.01336 0.00066 13.36±1.29 0.94 0.45-1.98

VP insufficiency (3.9%) 0.03896 0.00168 38.96±3.3 2.25 1.29-3.94

VP stenosis (1.6%) 0.01609 0.00096 16.09±1.58 1.61 0.73-3.53

Total/Overall (25.6%) 255.71±23.33

Abbreviations: SEM, standard error of the mean; RR, relative risk; CI, confidence interval; SSI, surgical site infection; VP, velopharyngeal
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long-term complications as they are reported more fre-

quently in studies that followed patients for a longer per-

iod of time. Globus sensation and VP insufficiency are the

only complications identified that had a statistically sig-

nificant RR >1 based on the 95% CI, which suggests a

correlation with LAUP. The absolute risk of acquiring

globus sensation in the general population is 5.5% whereas

post-LAUP it is 8.2%.49 For VP insufficiency, the orophar-

yngeal surgery patient population has an incidence of

about 1.7% versus the post-LAUP risk of 3.9%.50

One drawback to these studies is the lack of detailed

information on the extent of how these surgeries were per-

formed. Perhaps one of the most important items for clinicians

is identifying patients that may benefit from the procedure. A

good candidate for the surgery will have mild OSA, large

tonsils, a normal tongue, an enlarged uvula, and a posteriorly

displaced soft palate.58 Figure 1 shows various surgical

approaches for uvulopalatoplasty (UPPP) that correlate with

approaches to LAUP in patients that are presumably good

candidates for the procedure. Figure 1B shows a more radical

form of surgery that was classically used in UPPP and was

likely used in the older studies found in this systematic review.

This large circumferential area is capable of scarring inward

and causing VP stenosis or scarring outward causing VP

insufficiency, hypernasal speech, and pharyngonasal

regurgitation.58 Any of these structural changes are capable

of causing globus sensation. As complication rates were

higher with this more radical approach, the procedure pro-

gressed to a modified UPPP which involved denuding the

anterior-inferior portion of the soft palate and sparing the

uvula by suturing it to the soft palate as shown in

Figure 1C.58 This modified approach limited the structural

change caused by scarring by creating a soft tissue barrier at

the midline. A newer proposed approach is a tissue-sparing

approach as seen in Figure 1D which involves a bilateral

tonsillectomy and plication of the anterior and posterior ton-

sillar pillars.58 By suturing the palatoglossus muscles to the

palatopharyngeus muscles, this procedure reduces the risk of

surgical complications by limiting the extent of tissue retrac-

tion from scarring. More information is needed about the

complications related to specific surgical techniques and

approaches; however, we recommend this tissue-sparing

approach that spares themedial portion and is either performed

on post-tonsillectomy patients or with a concurrent bilateral

tonsillectomy, whether it be for a UPPP or LAUP, in order to

reduce the risk of long-term complications to patients.

Although the RRs of the various other complications

are not statistically significant, it is worth noting that all of

the complications reported were likely the outcome of the

surgery given the time frame of follow-up for the proce-

dure being less than an average of 16.1 months and med-

ian of 6 months. This means that the mean number of

complications represented in this review should reflect

outcomes of the surgery more closely than health concerns

within the general or oropharyngeal surgery populations.

Pain is the most common side effect of the surgery;

however, it is underreported in the literature likely because

it is an expected outcome. Patients should be counseled on

the potential for pain to last up to 2 weeks based on the

available data. More information is needed to better quantify

and understand the expected level of pain from the procedure

and the need for narcotics. Based on the short duration of

narcotic usage lasting between 3 and 7 days in the two studies

that reported on pain management, minimal narcotics may be

required to allow patients to recover comfortably.

None of the 42 studies reported complications of wound

dehiscence or VP fistula formation which are complications

that have been associated with the UPPP in previous

studies.34,39,59 This is one difference that may be further

explored to compare differences in complication rates

between UPPP and LAUP. While several studies reported

0 complications, others reported as many complications as

patients. This may be due to provider skill at performing the

procedure, differences in techniques for identifying compli-

cations, and differences in thresholds for reporting informa-

tion. The presence of any of these differences between

studies will likely lead to an underestimation of the overall

number of complications. Given that complications are

unwanted, a reporting bias within various papers may also

result in a significant underreporting of complications.

This systematic review shows that LAUP has a notable

volume of complications even though it likely underestimates

the actual number. The effectiveness of the procedure has been

brought into question after a meta-analysis revealed a minimal

change in the LSATand the AHI increased in a large subset of

patients.5 Complications are not uncommon and may be

expected to occur in a quarter of patients who undergo the

procedure. For providers who continue to use LAUP as a

means of treating patients, additional reporting of complica-

tions, including the timing and duration of those complications

would greatly improve future risk-benefit analysis. Identifying

those complications that are persistent will improve patient

safety and satisfaction and reduce morbidity by limiting a

procedure where risks may outweigh benefits. Additionally, a

lack of information on techniques or extent of surgery asso-

ciated with complications may reveal an opportunity to
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improve the procedure itself. For those who continue to per-

form LAUP, performing the procedure in a manner that

reduces risk as well as reporting this information with regards

to how it relates to complications will allow providers to

educate other providers on how to perform the procedure in a

manner to reduce complications and to appropriately identify a

patient population that may be at a reduced risk of

complications.

Conclusion
LAUP has been shown to have a large number of compli-

cations in patients undergoing treatment for sleep-

disordered breathing. In this systematic review, there

were an average of 256±23 complications per 1,000 pro-

cedures performed. The most common complications

reported were globus and dryness and there were no

reported cases of dehiscence or VP fistula formation

which are reported in UPPP literature. Though dryness

and globus were reported more often in studies with longer

follow-up, there is limited information on transience or

persistence of any of the reported complications. Globus

and VP insufficiency are the only complications assessed

with a statistically significant RR compared to the general

or oropharyngeal surgery populations. It is important to

Figure 1 (A) A pre-surgical laser-assisted uvulopalatoplasty or uvulopalatopharyngoplasty candidate. (B) Traditional uvulopalatopharyngoplasty which shows the large, continuous
surgical site. (C) Modified uvulopalatopharyngoplasty which shows plication of the uvula upward to the soft palate and reduces the risk of velopharyngeal stenosis or insufficiency.

(D) Tissue-sparing approach of palatopharyngoplasty with only a partial resection of the uvula, which likely results in even fewer complications. (This figure is an open source image

made available in Wikimedia Commons, which allows anyone the right to use this image based on the Creative Commons ShareAlike 4.0 license).
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remember that the duration of follow-up in each study

strongly suggests that these complications were the result

of the procedure, and the numbers presented should resem-

ble the expected complications from the procedure.

Based on the findings of this systematic review, we

recommend that LAUP be performed with caution using

the tissue-sparing approach or avoided altogether, given

the potential for complications identified in the current

literature.58 Additionally, if performed, the procedure

should only be performed in patients who are clearly

identified as strong candidates that will likely benefit.

Providers that continue to perform LAUP should do so

with a secondary goal of improving the procedure by the

means of gathering more information about complications

including the timing and duration of the problem, surgical

technique, and extent of surgery. Collecting more informa-

tion may benefit patients by allowing providers who con-

tinue to perform LAUP to better assess the risks versus

benefits and identify patients who are better candidates for

LAUP.
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