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SUMMARY: Objectives. To investigate the added value of steroid injection following office-based blue laser
therapy of benign lesions of the vocal folds.

Study design. Retrospective cohort analysis.

Methods. The medical records and video-recordings of patients with benign lesions of the vocal folds who
underwent office-based blue laser therapy in a tertiary referral center between February 2020 and October 2022
were reviewed. Patients were divided into two subgroups, those who underwent office-based blue laser therapy
alone (n = 23) and those who underwent office-based blue laser therapy with steroid injection (z = 19). Disease
regression and voice outcome measures included Voice Handicap Index-10 score, perceptual voice evaluation
using the GRB grading, jitter, shimmer, noise to harmonic ratio, voice turbulence index, and maximum phona-
tion time were reviewed.

Results. A total of 42 patients were included. The mean age was 54.7 £+ 10.1 years. Lesions included polyps
(n = 21), Reinke’s edema (n = 19), and cysts (n = 2). There was partial or complete disease regression in all
patients who presented for follow-up (z = 37). In patients who underwent blue laser therapy alone (n = 19),
42.1% had complete regression and 57.9% had partial regression. In those who underwent blue laser therapy fol-
lowed by steroid injection (n = 18), 77.7% had complete disease regression and 22.3% had partial regression. The
difference in disease regression between the two subgroups was statistically significant (P = 0.027). The decrease
in the mean Voice Handicap Index-10 score was also statistically significant with a higher mean being noted in
the subgroup who underwent blue laser therapy followed by steroid injection (-10.5 £ 6.9 vs. -17.3 £+ 11.8,
P = 0.031). There was no significant difference in the decrease in the perceptual evaluation scores nor in the
decrease in jitter, shimmer, noise to harmonic ratio, and voice turbulence index between the two subgroups. There
was also no significant increase in the maximum phonation time.

Conclusion. Steroid injection after blue laser therapy improves disease regression and voice outcome of laser

therapy.
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INTRODUCTION
Benign lesions of the vocal folds are commonly encountered
in laryngology practice. They are mostly due to phono-
trauma, smoking, and gastro-esophageal reflux disease. The
increase in collision forces during phonation results in
inflammatory changes in the lamina propria and remodeling
of its extracellular matrix constituents. The phonatory stress
may also lead to an increase in capillary pressure with sub-
mucosal hemorrhage and scar formation."> The findings on
histologic examination include edema, inflammatory infil-
trates, hyalinization, fibrin deposition, and vascular changes
such as thrombosis, neovascularization, and bleeding.
Mucosal changes such as thickening of the basement mem-
brane and epithelial hyperplasia are also common findings.”
In rare cases, dysplasia may be encountered. On laryngeal
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examination, benign lesions of the vocal folds are stratified
as polyps, nodules, Reinke’s edema, and cysts. Other exuda-
tive lesions of the lamina propria also include submucosal
fibrous masses, pseudocysts, and reactive nonspecific
lesions.” Affected patients invariably present with hoarse-
ness, voice fatigue, inability to project the voice, and repeti-
tive throat clearing. Professional voice users may also
complain of contracted vocal range, loss of the high notes,
and difficulty in transition between vocal registers. The
vocal symptoms are mostly due to the mass effect of the
lesion and to glottal gap dynamic changes such as partial
closure of the vocal folds during phonation. Other causes of
dysphonia include compensatory laryngeal hyperfunction.
The management of benign lesions of the vocal folds
requires a multidisciplinary approach. Voice therapy is rec-
ommended to reduce laryngeal tension and improve voice
efficiency. In cases of polyps, cysts, and Reinke’s edema,
surgery is often the mainstay treatment. Traditionally, sur-
gery is performed in the operating room and while the
patient is under general anesthesia. The lesion is excised
using a microflap or a mini-microflap that allows preserva-
tion of the overlying mucosal cover. Meticulous dissection
is paramount to prevent injury to the vocal ligament and
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deep structures of the vocal folds.”® With advances in tech-

nology and the use of flexible endoscopes with working
channels, many patients with exudative lesions of the vocal
folds are now treated in-office under local anesthesia.
Among the various treatment options available is laser ther-
apy, with the most used lasers being the photoangiolytic
lasers '~'*. Another office-based treatment modality that
has gained popularity is steroid injection. Numerous reports
indicate that intralesional steroid injection (ILSI) can be
used as a monotherapy in patients with exudative lesions of
the vocal folds with a high success rate.'” "

There are no studies on the role of steroid injection as
adjuvant therapy in patients undergoing office-based laser
therapy for benign lesions of the vocal folds. Steroid injec-
tions are commonly used following phonosurgery in the
operating room. The injection is usually made into the sur-
gical bed with the purpose of reducing inflammation and
potential scar formation.”’**> The purpose of this study is to
analyze the added value of steroid injection following office-
based blue laser therapy of exudative lesions of the vocal
folds by reviewing disease regression and voice outcome
measures in patients who underwent blue laser therapy with
or without vocal fold steroid injection.

SUBJECTS AND METHODS

After having obtained the approval of the institution review
board (IRB-ID; BIO 2022-0280) the medical records and
video-recordings of patients with benign lesions of the vocal
folds who underwent office-based blue laser therapy in a ter-
tiary referral center between February 2020 and October
2022 were reviewed. Patients with benign lesions of the
vocal folds were routinely treated in our center with blue
laser in an office setting. Over time, the authors have started
steroid injections (0.1—1 mg of dexamethasone, 1—2 mg of
methylprednisolone) as an adjunct treatment modality to
laser therapy in view of the limited ability to perform more
than one laser therapy session per patient. The demarcating
date before which patients had blue laser therapy alone was
August 2022. All patients who were treated after that date
had consistently both blue laser therapy and steroid injec-
tion. The injection is made submucosally at the surgical bed
of the lesion using a 25-gage flexible needle introduced
through the working channel of the flexible endoscope. The
percutaneous approach through the thyro-hyoid membrane
was used alternatively in some cases (See Figures 1-3).

A total of 42 patients were included. These were divided
into two subgroups, those who underwent office-based blue
laser therapy alone (n = 23) and those who underwent
office-based blue laser therapy with steroid injection
(n = 19). Demographic data included age, gender, history of
smoking, reflux disease, type of lesion, and laterality. His-
tory suggestive of laryngopharyngeal reflux was based on a
Reflux Symptom Score above 13.* Disease regression was
assessed by reviewing the video-recordings of laryngeal
endoscopy before and after surgery by two otolaryngolo-
gists and inter-rater reliability was computed to assess the

FIGURE 1. An endoscopic view showing the blue laser glass fiber
used in contact with right vocal fold polyp. The setting used was
power 10 watts, pulse duration 10 microseconds, and pulse pause
300 microseconds. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this
article.)

consistency of the reported findings. The follow-up period
extended from 3 to 9 weeks with an average of 4.6 + 2.2
weeks. Voice outcome measures included the Voice Handi-
cap Index-10 score,”* perceptual voice evaluation using the
GRB scale,”” fundamental frequency (F,), habitual pitch

FIGURE 2. An endoscopic view of the larynx showing the flexi-
ble needle (25 gage) directed toward the surgical bed following
blue laser therapy of right vocal fold polyp. The patient was
injected with 0.1 cc of dexamethasone (4 m/mL). (For interpreta-
tion of the references to color in this figure legend, the reader is
referred to the Web version of this article.)
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FIGURE 3. An endoscopic view showing the tip of a 25-gage
needle inserted into the submucosal plane of the right vocal fold
via the thyrohyoid membrane. Note the surgical bed following
blue laser therapy of left vocal fold polyp. (For interpretation of
the references to color in this figure legend, the reader is referred to
the Web version of this article.)

(HP), jitter, shimmer, noise to harmonic ratio, and voice
turbulence index, and maximum phonation time (MPT).

Statistical Method

Categorical and continuous variables were described using
frequencies and means (4 standard deviation), respectively.
Independent #-test was used to analyze continuous variables.
Interrater reliability was computed using Cohen’s kappa
coefficient. All analyses were conducted using Statistical
Package for the Social Sciences (SPSS) version 24 software
package. A two-tailed P-value <0.05 was considered statisti-
cally significant.

RESULTS

Demographic Data

A total of 42 patients, 22 males, and 20 females, were
included in this study. The mean age was 54.7 + 10.1 years.
Seventeen patients had bilateral vocal fold disease, while 25
patients had unilateral disease. The majority of patients in
our study group were smokers (83.3%) and 16 of the 42 had
a history of reflux disease. The most common lesion treated
were polyps (n = 21), followed by Reinke’s edema (n = 19)
and cysts (n = 2). Table 1. In the group that had blue laser
therapy alone, the most common pathology was Reinke’s
edema (n = 16) followed by polyp (z = 7). In the group that
underwent blue laser therapy and steroid injection, the most
common pathology was polyp (n = 12) followed by Reinke’s
edema (n = 5) and cysts (n = 2).

TABLE 1.
Demographic Characteristics of the Study Population

Demographic Data (N = 42)

Ratio
Gender (Male/Female) 1.1 (22/20)
Mean + SD
Age (years) 54.7 +10.1
N (%)
Smoking 35 (83.3)
History of reflux 16 (38.1)
Lesion type 21 (50)
Polyp
Reinke’s edema 19 (45.2)
Vocal fold cyst 2 (4.8)
Lesion laterality
Unilateral 25 (59.5)
Bilateral 17 (40.5)

Abbreviation: SD, standard deviation.

Disease Regression in the Two Subgroups
Thirty-seven patients presented for follow-up while the
remaining were either lost for follow-up or had incomplete
medical records. The mean duration of follow-up in those
who underwent blue laser therapy alone and blue laser ther-
apy with steroid injection was 4.26 +1.72 weeks and 4.16 £+
1.24 weeks, respectively. There was no statistically signifi-
cant difference in the mean follow-up between the two study
groups (P = 0.83). Based on the follow-up available to us,
all patients had partial or complete disease regression. In
the subgroup who underwent office-based blue laser therapy
alone (n = 19), 11 patients had partial regression of the
lesion (57.9%) and eight had complete regression (42.1%).
In the subgroup who underwent office-based blue laser ther-
apy with steroid injection (n = 18), 14 had complete regres-
sion of the lesion (77.7%) and four had partial regression
(22.3%). There was a statistically significant difference in
the disease regression between the two subgroups
(P =0.027) (Table 2). Inter-rater reliability analysis revealed
an intraclass correlation coefficient (ICC) of 0.81 indicating
excellent consistency between the two otolaryngologists
who evaluated the endoscopic laryngeal findings.

TABLE 2.
Extent of Disease Regression After Office-based Blue
Laser Therapy With and Without Steroid Injection

Regression
Partial Complete
Without steroid injection 11 (57.9) 8(42.1)
With steroid injection 4(22.3) 14 (77.7)
P-value 0.027*

* Statistically significant (P<0.05)
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TABLE 3.
Mean Score of Voice Handicap Index-10 Before and After
Office-based Blue Laser Therapy

Mean Voice Handicap Index-10

Before After Difference
Without steroid 16.8+7.2 6.3+64 -10.5+6.9
injection
With steroid 209+11 3.6+49 -17.3+11.8
injection
P-value 0.031*

* Statistically significant (P<0.05)

Subjective Voice Outcome Measures in the Two
Subgroups

All patients in the study group had a decrease in the VHI-10
score. The mean VHI-10 score of those who underwent
office-based blue laser therapy alone dropped by 10.5 + 6.9
points, whereas in those who had concomitant steroid injec-
tion the mean VHI-10 score dropped by 17.3 & 11.8 points.
There was a statistically significant difference in the decrease
of the mean VHI-10 score between the two subgroups
(P =10.031) (Table 3).

The perceptual evaluation of the study group revealed a
decrease in the mean score of dysphonia grade, roughness,
and breathiness following surgery. However, there was no
significant difference in the drop of the mean perceptual
parameters between the two subgroups (P = 0.413;
P =0.445; P = 0.556 respectively) (Table 4).

Objective Voice Measures in the Two Subgroups
Acoustic Analysis

The mean change in fundamental frequency and in habitual
pitch between the two study subgroups did not reach statis-
tical significance (Table 5). There was no significant differ-
ence in the decrease in the mean jitter between those who
underwent office-based blue laser therapy alone versus those
who underwent office-based blue laser therapy with steroid
injection (P = 0.892). Similarly, there was no significant dif-
ference in the decrease in the mean shimmer between those

TABLE 4.

Mean Scores of Grade, Roughness, and Breathiness
Before and After Office-based Blue Laser Therapy With
and Without Steroid Injection

Without With Steroid  P-Value

Steroid Injection

Injection
A Grade -1.75 £+ 0.58 -1.56 + 0.78 0.413
A Roughness -1.75 + 0.68 -1.56 + 0.78 0.445
A Breathiness  -0.75 + 0.68 -0.89 + 0.68 0.556

who underwent office-based blue laser therapy alone versus
those who underwent office-based blue laser therapy with
steroid injection (P = 0.313). Similar findings were noted
regarding the noise to harmonic ratio and voice turbulence
index (P = 0.618 and P = 0.105 respectively) (Table 6).

Aerodynamic Analysis

There was an increase in the mean MPT of the overall study
group by 3.67 £ 6.63 seconds. There was no significant dif-
ference in the increase in MPT between the two subgroups
(2.6 £ 6.2 vs. 5.14 + 5.8) (P = 0.235), Table 6.

DISCUSSION
Office-based laser therapy of vocal fold masses has gained
popularity over the last few years as an effective treatment
modality. Different types of lasers have been used with com-
parable results. In a review of 443 cases, Koufman et al®
reported successful office-based laser therapy of various
laryngeal pathology including 12 cases of vocal folds Rein-
ke’s edema. Centric et al’ reported their experience with the
pulsed dye laser in the treatment of 33 patients, 12 of whom
had benign lesions of the vocal folds. The authors advocated
office-based laser as monotherapy or adjunct therapy to tra-
ditional microlaryngeal surgery. Mouadeb et al’ reported
the success of 104 procedures out of 117 in 47 patients who
underwent office-based pulsed dye laser surgery. Among

TABLE 5.
Mean Scores of fundamental frequency (Fy) Hz and Habitual Before and After Blue Laser Therapy

Male Female
Without steroid Injection Before After A Before After A
Fo (Hz) 123 +53.5 125.6 +38.3 26+226 124.73+41.3 163.28 +33.4 38.6 +42.3
HP (Hz) 124.45 + 39.1 121.3+26.5 -3.21 +16.1 137.8 £29.5 153.9 + 29.8 16.2 +29.4
With steroid injection
Fo (Hz) 119.7 +28.9 110.8 +23 -89+ 16 179.1 +31.3 181.3+21.01 2.21+30
HP (Hz) 124.2 +28.4 115.2+224 -9.1 +19.7 165.5 &+ 24.2 163.4 + 12.5 -2.2+25.7

Abbreviations: Fo, fundamental frequency; HP, habitual pitch; A, difference in means.
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TABLE 6.

Mean Scores of Shimmer (%), Jitter (%), Noise to Har-
monic Ratio (NHR), Voice Turbulence Index (VTI) and
Maximum Phonation Time (seconds) Before and After
Office-based Blue Laser Therapy With and Without Ste-
roid Injection

Without With Steroid  P-value
Steroid Injection
Injection
A Jitter (%) 0.86 + 2.1 0.78 +0.84 0.892
A Shimmer 2.2+5.1 4.09 + 5.45 0.313
(%)
A NHR 0.03 4+ 0.08 0.04 4+ 0.07 0.618
AVTI 0.045 £+ 0.1 0.01 +0.18 0.105
A MPT (s) 2.6 +6.2 5.14 £ 5.8 0.235

Abbreviations: NHR, noise-to-harmonic ratio; VTI, voice turbulence
index; MPT, maximum phonation time; A, Difference in means.

those were 25 cases of benign lesions of the vocal fold such
as polyps, Reinke’s edema, and cyst. Hamdan et al'”
reported the successful use of Thulium laser in 20 patients
with vocal fold polyps. All patients had partial or complete
regression of the lesion with improvement in voice quality.
The mean VHI-10 score decreased from 15.61 to 4.61 after
surgery. Hamdan et al'* also improved voice quality follow-
ing the use of blue laser in the management of 11 patients
with different vocal fold pathology among whom where
four cases of vocal fold polyps, and two cases of Reinke’s
edema. Similarly, Miller et al'* reported their experience
with the blue laser in a cohort of 29 patients, 31% of whom
had benign lesions of the vocal folds that included polyps.
The authors advocated office-based laser therapy and
highlighted the hybrid properties of the blue laser. Ghanem
and Hamdan”® reviewed office-based blue laser therapy of
10 vocal folds Reinke’ edema and reported an increase in
VHI-10 score, an increase in fundamental frequency, and a
decrease in perturbation parameters. The improvement in
the subjective and objective voice outcome measures was
accompanied by incomplete or complete regression of the
lesion in all the cases.

The role of steroid injection as an adjunct therapy in
patients undergoing office-based laser therapy has not been
previously reported. The results of this review indicate that
steroid injection at the surgical bed or intralesional follow-
ing blue laser therapy improved the surgical outcome. Sev-
enty-seven percent of those who underwent office-based
blue laser therapy followed by steroid injection had com-
plete regression in the size of the lesion versus 42.1% in those
who underwent blue laser therapy alone. Patients who
underwent blue laser therapy with steroid injections had
also a significantly larger drop in their VHI-10 score (-17.3
+ 11.8 vs. -10.5 £ 6.9). The discrepancy between patient
perceptual voice evaluation and physician perceptual voice
assessment can be ascribed to the variability in socio-eco-
nomic factors among patients, such as level of education
and occupation.”’ It is also worth noting that patients with

dysphonia and worse VHI score tend to improve more after
therapy than those with better VHI, probably due to the
ceiling effect.”® This improvement in voice quality was sub-
stantiated by a decrease in perturbation parameter,
although nonsignificant.

The results of this investigation concur with studies that
advocate steroid injection following phonosurgery for exu-
dative lesions of the lamina propria in the operating room.
In a study that included 221 patients with vocal fold polyps,
nodules, and cysts, Cho et al*’ showed that steroid injec-
tions were associated with a lower (0.3 fold) risk of persis-
tent dysphonia postoperatively. The decrease in risk of
persistent dysphonia can be ascribed to the anti-inflamma-
tory effect of steroids and their ability to modulate healing.
Histo-morphometric analysis of vocal fold microflaps
treated with steroid injections showed a delay in the inflam-
matory response and neovascularization for up to 3 weeks.”"
Similarly, in an animal study, Campagnolo et al’' reported
a reduction in collagen deposition in the vocal folds of rab-
bits that were injected with 0.1 mL dexamethasone sodium
phosphate in comparison to the vocal folds that were not
injected. In our study, the long-term effect of steroid injec-
tion following blue laser therapy on scar formation and or
disease recurrence cannot be estimated due to the relative
short follow-up period. Prospective investigations with
long-term follow-up are needed to elucidate the added value
of adjunct steroid therapy in reducing vocal fold scar forma-
tion or disease recurrence. Nevertheless, the results of this
investigation support the short-term added value of steroid
injections following blue laser therapy in improving patient
perceptual voice assessment and disease regression.

The improved surgical outcome in patients who had
undergone steroid injection as an adjunct therapy to office-
based blue laser treatment is also in agreement with numer-
ous reports that support the use of ILSI as monotherapy in
patients with benign lesions of the vocal folds. Tateya et al
reported partial or complete regression of vocal fold Rein-
ke’s edema and nodules following triamcinolone acetonide
vocal fold injections. The disease regression was associated
with significant improvement in acoustic parameters and
maximum phonation time.'>'® Mortenson and Woo'’
reported a success rate of 82% in 34 patients who underwent
office-based steroid injection, 18 of whom had vocal fold
polyps or nodules. A similar success rate of 84% was
reported by Woo et al'® in their review of 115 patients with
benign lesions of the vocal folds treated with ILSI using the
percutaneous approach. These findings were also concurred
by Wang et al'”?" in numerous studies that stressed the
added value of ILSI in comparison to vocal hygiene ther-
apy, and the correlation between the duration of disease
and the extent of improvement following the injection.

This study has its limitations. One is its retrospective
nature which did not allow to control the intrinsic bias in
patients’ selection and the heterogeneity in vocal fold
pathology, although Reinke’s edema, polyps, and cysts, do
fall under one spectrum and that is exudative lesions of the
vocal folds.” Another limitation of this study is the inability
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to control for confounding factors such as smoking and
reflux disease in view of the retrospective nature of this
study. It is worth noting that all patients were kept on pro-
ton-pump inhibitors for at least 12 weeks following surgery
and were advised smoking cessation. However, patients’
compliance was not monitored in our study and hence the
effect of smoking cessation on surgical outcomes was not
assessed.

CONCLUSION

This preliminary report suggests that steroid injection may
have an added value in patients undergoing office-based
blue laser therapy for benign lesions of the vocal folds, at
least on the short-term. Its effect in reducing vocal fold scar-
ing cannot be concluded given the lack of video-strobo-
scopic examination in many of the cases of our cohort and
the lack of long-term follow-up.
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