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Summary: Objective. To analyze voice outcomes and lesion regression in patients with Reinke’s edema
treated in the office with lasers.

Study design. Systematic review and meta-analysis

Methods. The search was performed in the Medline, Embase, Medline, Cochrane, and Google Scholar data-
bases using the PRISMA framework. There were no limitations to the year of publication and the search included
studies looking at voice outcomes and lesion evolution of in-office laser treatment for Reinke’s edema measured
through voice-handicap index, acoustic analysis or aerodynamics measures. Risk of bias was assessed using
Cochrane’s ROBINS-I tool for observational studies. Data analysis was performed SPSS software with a signifi-
cance level of 5%.

Results. The initial search identified 650 articles, 6 of which met the inclusion criteria and were analyzed. The
total number of participants was 58. Meta-analysis showed significant improvement in VHI-10 scores after in-
office laser therapy (95% CI, [-1.46; -0.75]). It also showed significant improvement in jitter, significant increase
in fundamental frequency (95% CI, [0.52; 1.71]) and significant decrease in lesion size (95% CI, [-2.03; -0.35]).
Conclusion. Office-based laser therapy is a reliable alternative to the traditional phono-microsurgery performed
in the operating room. Patients show significant improvement in voice outcomes and laryngeal examination.
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INTRODUCTION

Reinke’s edema is an exudative lesion of the lamina propria
characterized by excess deposition of gelatinous material in
the Reinke’s space. It affects women more than men with a
high prevalence being noted in the fourth to six decades of
life. The most important risk factors for Reinke’s edema are
smoking and reflux disease.' ~ Affected patients present with
deepening of the voice (referred to as androphonia in
females), voice fatigue, contracted voice range and inability
to project the voice. Additional symptoms such as dyspnea
and snoring may also prevail in patients with advanced dis-
ease.” On laryngeal examination, the lesion is often described
as an outpouching or ballooning of the vocal fold that varies
in size with the extent and duration of the disease. Several
grading systems have been suggested based on the appearance
and morphology of the lesion which can be unilateral or
bilateral.>®* Common features seen on histologic examination
include inflammatory infiltrates, edematous lakes, hypervas-
cularity, hemorrhage, fibrosis, and thickening of the basement
membrane. Epithelial changes such as hyperkeratosis, para-
keratosis and dysplasia may also be noted.’

Aside from voice hygiene therapy, surgery is the most rec-
ommended treatment option in patients with Reinke’s
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edema. Traditionally it is performed in the operating room
under general anesthesia. With the larynx suspended, an
incision is placed on the supero-lateral surface of the vocal
fold and a suction cannula is inserted to evacuate the polyp-
oid content of the Reinke’s space.®” Alternatively, a micro-
flap'® or mini-microflap'’ is raised through which the
gelatinous content is removed using a suction or a cup for-
ceps. The mucosal incision and removal of excess mucosa
can be done using cold steel instruments such as curved or
straight scissors,'”'* or cutting lasers.'*'® A micro-debrider
may also be used to facilitate and expedite the surgery.'”'®
With the reform in laryngology practice toward office-
based surgery, patients with Reinke’s edema are now offered
different treatment modalities among which is un-sedated
office-based laser therapy. This manuscript aims at providing
a systematic review and meta-analysis on office-based laser
therapy in patients with Reinke’s edema and highlight voice
outcome measures and lesion regression after treatment.

METHODS

Studies selection

The study protocol was registered in PROSPERO
(CRD42022376588. Medline through OVID (1946 to
November 2022, Embase, Google Scholar and Cochrane
database were systematically searched. There were no
restrictions regarding language or date of publication, but
the full text had to be available. Search terms were office,
office-based, outpatient, in-office, larynx, laryngeal diseases,
voice disorders, laryngeal edema, laryngeal, reinke’s edema,
polypoid corditis, polypoid degeneration, and laser
(Table 1). Articles were considered for inclusion using the
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TABLE 1.
Example of Search Methodology Using Ovid Medline.

# Query Results from
30 Oct 2022

1 office.mp. 79,051

2 office-based.mp. 5,465

3 office.m_titl. 17,998

4 outpatient.mp. or exp 175,689

Outpatients/

5 in-office.mp. 5,727

6 Tor2or3ord4orb 250,184

7 exp Larynx/ or larynx.mp. 62,029

8 laryngeal diseases/ or laryngeal 14,348
edema/ or voice disorders/

9 laryngo*.mp. 40,701

10 laryngeal.mp. 75,667

11 reinke’s edema.mp. 216

12 polypoid corditis.mp. 7

13  Vocal Cords/ or polypoid degen- 9,810
eration.mp.

14 7or8o0r9o0r100r11or12or13 126,852

15 laser.mp. or exp Lasers/ 342,994

16 6 and 14 and 15 153

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review &
Other Non-Indexed Citations and Daily <1946 to November 04, 2022>.

Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA framework (Appendix A).

The literature selection was based on Participant, Inter-
vention, Comparators, Outcomes (PICO) strategy which
aimed at answering the following question: What are voice
outcomes (subjective and objective) of in-office laser therapy
in patients with Reinke’s edema?

All studies looking at voice outcomes and lesion evolu-
tion after in-office laser treatment for Reinke’s edema were
included in this systematic review for further meta-analysis.
All patients had diagnosis of Reinke’s edema based on the
laryngeal examination. All studies included a voice outcome
be it subjective (VHI), or objective (acoustic analysis and
aerodynamics). As a secondary outcome we also included
studies that reported the size of Reinke’s edema following
treatment.

Studies were excluded if the outcomes of interest were not
available or not well defined.

Risk of bias (RoB) was assessed by two independent
reviewers using Cochrane’s ROBINS-I tool for observa-
tional studies. ROBINS-I is a domain-based tool that con-
siders confounding, selection of participants, classification
of interventions, deviation from intended interventions,
missing data, measurement of outcomes, and selection of
reported results as domains for RoB. The studies were clas-
sified according to an overall assessment by outcome as
low, moderate, serious, or critical (Table 2).

Data extraction

Information on study design, sample size, patient character-
istics (age and gender), laser used was extracted (Table 3).
In addition, data of all voice-outcomes were extracted. An
attempt was made to contact the investigators for relevant
information that was not stated or not clear, when they did
not respond the studies were excluded on the basis of miss-
ing information (Tables 3A and 3B).

Six parameters were chosen as endpoints for the system-
atic review and meta-analysis: VHI-10 scores (Voice Handi-
cap-10), habitual pitch, fundamental frequency, jitter,
shimmer and maximum phonation time (Table 4).

As a secondary outcome we looked at studies that
reported on size changes of the lesion pre and post laser
treatment.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics Version 28. The level of statistical heterogeneity among
the included studies was determined by x2-distributed Q sta-
tistic and I statistic, and a P value less than 0.05 was
defined as statistically significant. Forest plots were used to
display the results of all outcomes.

RESULTS

Literature search results
The search strategy yielded 650 articles. After removal of dupli-
cates and filtering the articles without the above mentioned

TABLE 2.

Characteristics of the Studies Included in the Meta-analysis.

Study Confounding Selection Classification Deviation Missing Outcome Reporting

of From Data Measure

Intervention Intervention

Pitman et al. LR MR LR LR MR LR MR

Koszewski et al. MR MR LR LR MR LR LR

Hamdan et al. MR MR LR LR MR LR LR

Ghanem & Hamdan MR MR LR LR MR LR LR

Mallur et al. MR MR LR LR MR LR LR

Sheu et al. MR MR LR LR MR LR LR

Abbreviations: LR, low risk; MR, moderate risk.
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TABLE 3A.
Characteristics of the Studies Reporting Voice Outcomes Included in the Meta-analysis.
Study Year Study Type Sample Female/Male Mean Age Laser Used Time of
Size Ratio (Years) Follow-up
Pitman et al. 2012 Case Series 7 7/0 51.8 KTP 17.8 weeks
Koszewski et al. 2015 Retrospective 19 18/1 53.9 PDL and. KTP —
chart review
Hamdan et al. 2020 Retrospective 11 8/3 51.27 Thulium -
chart review
Ghanem & Hamdan 2022 Retrospective 8 8/0 59.63 Blue Laser 3—6 weeks
chart review
Abbreviations: PDL, Pulsed Dye Laser; KTP, potassium titanyl phosphate; -, missing.
TABLE 3B.
Characteristics of the Studies Reporting Lesion Evolution Included in the Meta-analysis.
Study Year  Study Type Sample Female/Male Mean Age Laser Used Time of
Size Ratio (Years) Follow-up
Malluretal. 2011 Retrospective 5 — — KTP 12 months
chart review
Sheu et al. 2012  Retrospective 8 — — KTP 60 days

chart review

Abbreviations: PDL, Pulsed Dye Laser; KTP, potassium titanyl phosphate; -, missing.

voice outcomes related to Reinke’s edema, six studies satisfied
the inclusion criteria'”** (Table 2 and Table 3). Analysis
included 58 patients. The studies were retrospective chart
reviews except for the study by Pitman et al and Mallur et al
which were prospective case series.”’> (Table 5).

Voice handicap index
Only studies by Hamdan et al. and Ghanem and Hamdan.
reported the VHI-10 score before and after therapy.'””

Koszewski et al. used the complete VHI-questionnaire,”
and the standard deviations were missing for the numbers
reported by Pitman et al.”' therefore these two studies could
not be included in the analysis.

The heterogeneity level of VHI-10 across studies was low
(I = 0%; P < 0.001); therefore, a fixed-effect model was
used. Further, meta-analysis showed that VHI-10 signifi-
cantly improved in patients with Reinke’s edema after in-
office laser treatment (RR = -1.46; 95% CI, [-1.46; -0.75];
Figure 1).

TABLE 4.
Data on VHI-10 Scores, Habitual Pitch, Jitter, Shimmer, Mean Phonation Time and Fundamental Frequency Included in
the Analysis.

Study VHI-10 Habitual Pitch Jitter Shimmer MPT FO
Pitman et al. — — — - 4.52% t0 7.53 162* to 186’
Koszewski et al. — — 4.05* to 1.1 - 8.77*% 10 9.29 200* to 300.5
Hamdan et al. 15* to 3.07’ 125.11* to 155.86" 2.51* t0 2.28 8.46*t05.96" 7.22* to 7.33’ -
Ghanem & Hamdan 14.86* to 6.71" 140.86* to 152.91" 2.49*to 1.5 6.41*t05.99° 9.68* to 13.18 121.62* to 157.09

* pre-procedure (before laser intervention)‘post-procedure (after laser intervention, at follow-up)- missing.

TABLE 5.

Data Lesion Size at Months Post Laser of Reinke’s Edema That is Included in the Analysis.

Study Size Pre-laser (pixels) Size Post-laser Mean Time of Follow Up
Mallur et al. 60.43 36.12 12 months

Sheu et al. 40.27 17.92 60 days
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Forest Plot
[ Effect size of each study Confidence interval of effect size
@ Estimated overall effect size
T Estimated overall confidence interval
D Cohen's d Lower Upper Weight Weight (%)
Hamdan etal.  -1.66 -2.62-0.69 4.10  54.91 —
Ghanem & Hamdan ~ -1.23 -2.30 -0.16 3.36  45.09
Overall -1.46 -2.18 -0.75 k <> i
3 2 -1 o

Model: Fixed-effects model
Heterogeneity: H-squared = 0.33, I-squared = 0.00

FIGURE 1. Forest plot of variations in VHI-10 scores post laser treatment for Reinke’s edema (I> = 0%; P = 0.07; risk ratio = 0.60; 95%

CL, [-0.05; 1.25]).

B Effect size of each study Confidence interval of effect size

@ Estimated overall effect size

T Estimated overall confidence interval

D Cohen's d Lower Upper Weight Weight (%)
Ghanem & Hamdan ~ 0.97 -0.07 2.00 3.58  33.35

Koszewskietal.  1.40 0.51 2.30 4.82 44.85

Forest Plot

Pitman et al. 0.74-0.54 2.02 234 21.80

Overall 111 0.52 1.71

Model: Fixed-effects model
Heterogeneity: H-squared = 0.40, l-squared = 0.00

FIGURE 2. Forest plot of variations in fundamental frequency post laser treatment for Reinke’s edema (I = 0%; P < 0.001; risk

ratio = 1.11; 95% CI, [0.52; 1.71]).

Acoustic analysis

Changes in fundamental frequency were reported in the stud-
ies by Koszewski et al., Ghanem & Hamdan and Pitman
et al.”’~* Using a fixed-effect model, meta-analysis showed a
significant increase in fundamental frequency in patients with
Reinke’s edema treated with in-office laser therapy (I* = 0%;
P = <0.001; RR = 1.11; 95% CI, [0.52; 1.71]; Figure 2).

The studies by Hamdan et al and Ghanem & Hamdan
reported on the variation in habitual pitch.'**’ The heterogeneity
level of habitual pitch across studies was low (I” = 0%; P = 0.07);
therefore, a fixed-effect model was used. Further, meta-analysis

I Effect size of each study Confidence interval of effect size
@ Estimated overall effect size

T Estimated overall confidence interval

D Cohen's d Lower Upper Weight Weight (%)

Hamdan et al. 0.70-0.16 1.56 5.18  57.09

showed that patients with Reinke’s edema receiving in-office laser
treatment did not have statistically significant change in habitual
pitch (RR =0.60; 95% CI, [-0.05; 1.25]; Figure 3).

The studies by Koszewski et al, Hamdan et al and Gha-
nem & Hamdan reported on the cycle-to-cycle variation in
fundamental frequency, jitter.'”*"** The heterogeneity level
of jitter across studies was low (I> = 18%; P = 0.02); there-
fore, a fixed-effect model was used. Further, meta-analysis
showed that patients with Reinke’s edema receiving in-office
laser treatment had statistically significant decrease in jitter
(RR =-0.61; 95% CI, [-1.13; -0.10]; Figure 4).

Forest Plot

Ghanem & Hamdan  0.46 -0.53 1.46 3.90 4291

Overall 0.60 -0.05 1.25

05

Model: Fixed-effects model
Heterogeneity: H-squared = 0.13, I-squared = 0.00

FIGURE 3. Forest plot of variations in habitual pitch post laser treatment for Reinke’s edema (I* = 0%; P < 0.001; risk ratio= -1.46; 95%

CL [-1.46; -0.75)).
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W Effect size of each study Confidence interval of effect size
@ Estimated overall effect size

T Estimated overall confidence interval

Forest Plot

D Cohen's d Lower Upper Weight Weight (%)
Hamdanetal  -0.16-0.99 0.68 548 37.78 —
Ghanem & Hamdan ~ -0.58 -1.59 0.42 3.84  26.43 =
Koszewski etal.  -1.11-1.97 -0.25 520  35.79 .
Overall -0.61 -1.13 -0.10 e

Model: Fixed-effects model
Heterogeneity: H-squared = 1.22, I-squared = 0.18

FIGURE 4. Forest plot of variations in Jitter post laser treatment for Reinke’s edema (IZ = 18%; P = 0.02; risk ratio= -0.61; 95% CI, [-1.13;

-0.10]).

[ Effect size of each study Confidence interval of effect size
@ Estimated overall effect size

T Estimated overall confidence interval

D Cohen's d Lower Upper Weight Weight (%)

Forest Plot

Hamdan et al. -0.37-1.21 0.48 541  57.52

Ghanem & Hamdan  -0.10 -1.08 0.88 3.99  42.48

Overall -0.25 -0.89 0.38

Model: Fixed-effects model
Heterogeneity: H-squared = 0.16, I-squared = 0.00

05 00 05 10

FIGURE 5. Forest plot of variations in Shimmer post laser treatment for Reinke’s edema (I = 0%; P = 0.44; risk ratio= -0.26; 95% CI,

[-0.89; 0.38]).

For variations in shimmer, we looked at data from
Hamdan et al and Ghanem & Hamdan.'””" Using a
fixed-effect model, meta-analysis showed no significant
changes in shimmer in patients with Reinke’s edema
treated with in-office laser therapy (I = 0%; P = 0.44;
RR = -0.26; 95% CI, [-0.89; 0.38]; Figure 5).

Maximum phonation time

All four studies (Koszewski et al., Ghanem & Hamdan,
Hamdan et al and Pitman et al) reported on the variation in
maximum phonation time (MPT)."”"** The heterogeneity
level of MPT across studies was low (I* = 0%; P = 0.19);
therefore, a fixed-effect model was used. Further, meta-
analysis showed that patients with Reinke’s edema receiving
in-office laser treatment did not have statistically significant
changes in MPT (RR = -0.32; 95% CI, [-0.78; 0.15];

Figure 6).

Lesion size

The studies by Sheu et al and Mallur et al looked at lesion
size pre and post laser treatment using the image analysis
software ImageJ (National Institutes of Health, Bethesda,

MD).”*** Using a fixed-effect model, meta-analysis showed
a significant decrease in lesion size in patients with Reinke’s
edema treated with in-office laser therapy (I> = 0%;
P = 0.005; risk ratio= -1.19; 95% CI, [-2.03; -0.35]). The
time to follow up was 2 months and 1 year.

DISCUSSION
The meta-analysis conducted in this review substantiates the
fact that patients with Reinke’s edema who underwent in-
office laser therapy had improvement in their voice quality
as evidenced by a decrease in self-reported VHI-10 score;
Ghanem & Hamdan demonstrated a decrease in VHI-10
score by 8.15 in a cohort of eight female patients who under-
went office-based blue laser therapy.”’ Pitman et al and
Koszewski et al also showed a decrease in the VHI-30 score
by 19 and 11 points, respectively.”'-** In 2007, in another
review of 117 cases of benign vocal fold lesions that included
16 cases of Reinke’s edema, Mouadeb and Belfasky
reported a statistically significant decrease in the mean
Voice Handicap Index (VHI) score after PDL therapy.”” In
2012, Pitman et al reported a decrease in the VHI score and
GRBAS scoring of 7 patients with Reinke’s edema
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B Effect size of each study Confidence interval of effect size

@ Estimated overall effect size

T Estimated overall confidence interval

D Cohen's d Lower Upper Weight Weight (%)
Hamdan et al. -0.03-0.90 0.85 5.00 28.50
Ghanem & Hamdan ~ -0.64 -1.65 0.36 3.80  21.68
Koszewskietal. -0.13-0.90 0.64 6.49  36.98
-0.94 -2.24 0.37 2.25 12.84

Pitman et al.

Overall -0.32-0.78 0.15

Model: Fixed-effects model
Heterogeneity: H-squared = 0.64. I-squared = 0.00

Forest Plot

=
=
=
B

FIGURE 6. Forest plot of variations in MPT post laser treatment for Reinke’s edema (I2 = 0%; P = 0.19; risk ratio= -0.32; 95% CI, [-0.78;

0.15]).

W Effect size of each study Confidence interval of effect size

@ Estimated overall effect size

T Estimated overall confidence interval

D Cohen's d Lower Upper p-value Weight Weight (%)
Sheu et al. -1.42-2.52-0.32 0.01 3.19 5831

Mallur etal.  -0.87 -2.17 0.43 0.19 228 41.69

Overall -1.19-2.03-0.35  0.01

Model: Fixed-effects model
Heterogeneity: H-squared = 0.40, l-squared = 0.00

Forest Plot

FIGURE 7. Forest plot of variations in lesion size post laser treatment for Reinke’s edema (I? = 0%; P = 0.005; risk ratio = -1.19; 95% CI,

[-2.03; -0.35]).

following office-based pulsed KTP laser treatment. Histo-
logic examination of vocal fold tissue in three patients
showed no damage to the overlying epithelium, a finding
that was commensurate with preservation of the mucosal
waves seen on laryngeal video-stroboscopic examination.”’
In 2014, Young et al reported the successful treatment of 9
patients with Reinke’s edema using the KTP laser and
showed a significant decrease in the mean VHI score after
surgical intervention. All patients tolerated the procedure
well and no complications were noted. The average time for
follow-up was 95.6 days.”® These results corroborate the
review by Koufman in 2007 which also proved improve-
ment in voice quality in 10 cases with Reinke’ edema who
were treated with the laser in-office, although no self-
reported questionnaire was used in their review.”’
Regarding acoustic parameters, our meta-analysis found
a significant increase in fundamental frequency and a signifi-
cant decrease in jitter. No statistically significant changes in
habitual pitch, shimmer and MPT after laser treatment
were noted. The study by Koszewski et al in 2015 showed a
significant increase in phonatory frequency range by 183
Hz, and a significant decrease in jitter in 19 patients with
Reinke’s edema treated with the PDL and KTP lasers.”” In
2017, Hu et al reviewed the feasibility and limitations of
office-based Carbon Dioxide laser surgery in a group of 40

patients, only four of whom were treated for Reinke’s
edema. The results indicated a significant decrease in jitter.
There was also improvement in noise-to-harmonic ratio and
MPT, but the improvement was not significant.” In 2020,
Hamdan et al reported the successful use of Thulium laser
in the management of 12 patients with Reinke’s edema.
They showed a non-significant increase in the mean habitual
pitch after laser therapy, along with an improvement in jit-
ter and shimmer.”” In 2022, Ghanem and Hamdan
described office-based blue laser therapy of 8 cases of Rein-
ke’s edema and reported an increase in the mean fundamen-
tal frequency from 121.62 Hz to 157.09 Hz with a non-
significant decrease in the mean value of jitter, shimmer,
and noise to harmonic ratio.”’

Most studies across the literature showed the improvement
in lesion size when using in-office lasers for the treatment of
Reinke’s edema. Both studies by Mallur et al and Sheu et al,
included in our meta-analysis, showed a significant decrease
in lesion size after treatment.”””* In 2021, Mallur et al
reported a 40% decrease in the size of vocal fold Reinke’s
edema following office based KTP laser treatment. The study
group consisted of 32 patients 5 of whom were followed for
up to one year.” In 2012, in a retrospective multi-institutional
study on office-based surgery for benign vocal fold lesions
using the KTP laser, Sheu et al reported significant regression
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in the size of the lesion in all 8 patients with Reinke’s edema.
The mean lesion size decreased from 40.27 to 17.92
(P = 0.0078). The mean duration of follow-up was 60 days
during which no complications were noted.”* In their study
on the use of Thulium laser, Hamdan et al. reported that 3
out of 11 patients had complete regression of Reinke’s edema
lesion while the remaining eight patients had partial regres-
sion. The size of the lesion was assessed by laryngeal exami-
nation but no objective measurements of the lesion were
made.” Similarly, two other studies by Hamdan et al and
Ghanem & Hamdan, described lesion regression as complete,
partial or no change. In 2021, Hamdan et al reported the use
of blue laser in 11 patients among whom two had Reinke’s
edema who had a decrease in the size of the lesion in both
patients.'” Ghanem & Hamdan also showed the improve-
ment in voice quality in all eight patients with Reinke’s
edema treated with the blue laser, along with partial (50%) or
complete (50%) regression in the size of the lesion for the
entire study group.”’

Limitations

There are limitations to this study. The retrospective nature of
most studies included in this meta-analysis is one. When eval-
uating size of the lesions, the studies had different times to
follow up. Other studies were excluded for missing data spe-
cific to Reinke’s edema patients. Also, the number of patients
included is small, larger prospective studies are still needed.

CONCLUSION

Office-based laser therapy is a reliable alternative to the tra-
ditional phono-microsurgery performed in the operating
room. Proper patient selection and adequate use of the laser
are crucial steps for the success of surgery. Nevertheless, the
surgeon should note that office-based laser therapy has its
constraints. These include patient cooperation, surgeon’s
dexterity, limited angulation of the laser beam and its hin-
dered access to anatomic areas such as the lower lip of the
vocal fold and/or subglottic area.

SUPPLEMENTARY DATA
Supplementary data related to this article can be found
online at doi:10.1016/j.jvoice.2022.12.003.
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