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Abstract: The efficacies of CO, laser and conventional laryngeal microsurgery for vocal cord benign (vocal cord
polyp) and precancerous (vocal cord leukoplakia) lesions were compared. Patients with bilateral vocal cord polyps
(n = 60) and leukoplakia (n = 30) were divided randomly into two groups. One group was treated with throat mi-
crosurgical instruments and underwent routine lesion resection (conventional group) and the other with CO, laser
(laser group). For the subjective assessment, the tools GRABS and VHI were used. The objective assessment, A
multi-dimensional voice program module for voice spectrum analysis was used. The laser group was slightly worse
than the conventional group 1 week post-surgery by stroboscopic findings. The subjective and objective data of the
two groups pre-and post-surgery showed that the voice recovery of the laser group was significantly better than that
of the conventional group (P < 0.05). CO, laser laryngeal microsurgery for vocal cord polyp and leukoplakia can im-
prove significantly the vocal cord morphology and pronunciation quality. The procedure is especially more effective

than conventional surgery in patients with vocal cord leukoplakia.
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Introduction

The increasing environmental pollution and
interpersonal factors that lead to the improper
use of voice resulted in the rising incidence of
vocal cord diseases. In the early 1900s, Hirano
et al. [1] proposed the famous vocal fold vibra-
tion (body-cover) theory. According to vocal
cord stroboscope and scanning electron
microscopy, the vocal fold is divided into five
layers. Only the mucosal epithelial and Reinke’s
space can produce vibration and a beautiful
tone. The increasing demand of voice quality,
the fine microstructure of vocal cords, and the
body-cover theory require minimal invasive sur-
gery. The effective treatment of vocal cord dis-
eases will result in unchanged sound function
and normal voice. Two types of voice microsur-
gical techniques were developed gradually,
namely, the conventional laryngeal microsur-
gery, which involves the use of cold instru-

ments, such as a throat knife, scissors, pliers,
and other instruments, and the laryngeal laser
micro-surgery. The advantages of CO, laser in
the treatment of early laryngocarcinoma have
been recognized by scholars [2]. However, its
treatment of benign laryngeal diseases and
precancerous lesions, such as vocal cord pol-
yps, vocal nodules and vocal cord leukoplakia,
remain controversial. Shapshay [3-5] believed
that CO, laser treatment induces thermal dam-
age causing deepened surgical trauma and
affecting the healing of wounds. Benninger et
al. [6] suggested that the proper CO, laser
mode and duration slightly influences early
wound healing during the treatment of vocal
cord benign diseases. Moreover, in this study,
the long-term effects of CO, laser were found to
be similar to those of laryngeal microsurgical
instruments, i.e., no difference was found
between their wound healings, and no greater
damage to the vocal cords was found. Studies
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have been reported on the suitability and effi-
cacy of laser surgery on benign vocal cords and
precancerous lesions compared with the con-
ventional surgery.

In the current study, the CO2 laser and conven-
tional laryngeal microsurgery treatments of the
vocal cord benign and precancerous lesions
were compared. The groups were assessed
through vocal cord morphological observation,
mucosal wave vibration comparative analysis,
and comparative analysis of their objective and
subjective voice assessment parameters.

Materials and methods
Clinical data

From October 2008 to May 2011, 60 patients
with bilateral vocal cord polyps in our depart-
ment were selected and divided into two
groups. Thirty patients with bilateral vocal cord
leukoplakia were also divided into two groups.
A total of 56 males and 34 females, 30 to 70
years of age (average age of 56.5 years), were
included in the study. This study was conducted
in accordance with the declaration of Helsinki.
This study was conducted with approval from
the Ethics Committee of Shanghai gongli hospi-
tal (No: 2010011). Written informed consent
was obtained from all participants.

Procedures

General anaesthesia, endotracheal intubation,
and oral import laryngoscopy (Karl Storz GmbH
& Co. KG, Tuttlingen, Germany) were performed
to expose the throat. The operating micros-
cope (HIR1000/FS3233; Moller-Wedel GmbH,
Wedel, Germany) with 400 mm objective lens
was adjusted, and the lesions were revealed
clearly. The cold laryngoscopic microsurgical
instruments (Explorent GmbH, Tuttlingen,
Germany) included microsurgical laryngeal for-
ceps, scissors, and other instruments.

In the laser treatment group, a CO, laser (40-C;
Lumenis Ltd., Yokneam, Israel), with 1035 nm
wavelength, 2 W power, and under single pulse
or continuous super-pulse mode, was used.
Under a binocular microscope, the full glottic
lesions were exposed, and the saline gauzes
were placed at the infraglottic portion to pro-
tect the endotracheal intubation and prevent
laser damage. The laser was connected to the
microscope via a coupler. The main laser tech-

18266

nical parameters were as follows: laser emis-
sion, super-pulse mode; output power, 2 W
pulse; interval, 0.2 ms; and spot diameter,
approximately 0.2 mm. The different surgical
methods achieved cutting and vaporization
effect. The cutting method was used for
patients with vocal cord polyp. The vocal cord
polyp was drugged to the midline using forceps,
and then polypectomy was applied along the
edge of the vocal cords. Adrenaline cotton balls
were used to clean the surgical and charring
wounds. The wounds were coated with antibi-
otic ointment. A small amount of precancerous
lesions were taken for pathological examina-
tion. According to the scope and depth of the
vocal cord lesions from the lesion edge, 1 mm
to 2 mm CO, laser surgery was performed.
Mucosal epithelial exfoliation was performed in
patients with vocal cord leukoplakia. After sub-
mucosal injection of saline containing epineph-
rine in the vocal cord, cortical lesion exfoliation
was completed by laser with 3 W power and
intermittent pulses, and superficial lamina pro-
pria was reserved. For mucosal stripping, if the
vocal cord submucosal injection of saline con-
taining epinephrine could make the mucosa
float, the lesions would not invade the sound
ligament. The laser power set to 3 W at inter-
mittent pulse mode from the lesion edge at 1
mm to 2 mm laser incised the mucosa, and the
laryngeal forceps dragged incised the mucosal
edge and submucosal lesions and its surround-
ing mucosal resection up to the lamina propria.
The sound ligament and vocal muscle were pro-
tected. This procedure is suitable for wide
lesions and moderate to severe dysplasia vocal
cord leukoplakia. During surgery, the inspired
oxygen concentration should be reduced to
less than 30% and the normal mucosa should
be protected, especially the anterior commis-
sure mucosa.

Microlaryngeal surgical instruments were used
in the conventional surgery group. For the vocal
cord polyps, the polyps were pulled to the mid-
line by polyp forceps, and polypectomy was per-
formed along the vocal cord edge. For vocal
cord leukoplakia, the mucosa was cut after
submucosal injection of saline containing epi-
nephrine to the vocal cord from the lesion edge
at 1 mm to 2 mm. The epithelial mucosal
lesions were exfoliated by microsurgical strip-
ping. Mucosa lesions and a part of shallow
lamina propria were removed, except for the
sound ligament and vocal muscle.
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Figure 1. Surgical removal of vocal cord polyps. A, B. Laser group, immediate direct laryngoscopy showed flat and
clean vocal cord edge; C, D. Conventional group, vocal cord wound had a little bleeding, and vocal cord edge was
not neat enough

The procedure needed intraoperative intrave-
nous infusion of 10 mg dexamethasone to pre-
vent laryngeal edema. After surgery, the two
groups immediately underwent electronic
laryngoscopy, stroboscopic laryngoscopy, GR-
ABS, and VHI subjective ratings and objective
voice analysis. The procedures were repeated
at 1 wk, 1 month, and 3 months post-surgery.

Voice assessment

The voices of the patients were assessed
before surgery as well as at 1 week, 1 month,
and 3 months post-surgery. For the subjective
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assessment, the tools used were Japan
Logopedics and voice, the developed GRABS
assessment standards, and patient’s self-
assessment of voice disability Index (VHI) [7].
For the objective assessment, under environ-
mental noise below 45 dB sound pressure
level, a megaphone was placed before the
patient’s mouth 15 cm away. The patient was
made to pronounce [a:] thrice with a natural
and comfortable voice. The vowel sounds were
extracted (1.0 seconds) with the sampling fre-
quency at 44.1 KHz. The voice signal was
entered into a computer via a preamplifier,
through CSL model 4150 system (United States
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Table 1. Preoperative, postoperative subjective assessment of laser and conventional group (vocal
cord polyp) (X £s)

Laser group Cold instruments group

Time G R B VHI G R B VHI

Before surgery 2.310.4 2.4+0.4 2.3+0.5 33.5+15.2 2.4+0.5 2.3+0.6 2.3+0.3 33.8419.2
After surgery 1 week 2.1+0.6 2.0+0.3* 1.8+0.4 25.31+6.2% 1.8+0.9® 1.7+0.7* 1.9+0.4 26.1+8.8"
After surgery 1 month  1.3+0.5% 1.6+0.5* 0.9+0.3* 17.7+2.3* 1.2+0.5% 1.4+0.5* 1.0+0.3* 16.2+2.3*
After surgery 3 months 1.0+0.4* 1.1+0.5% 0.6+£0.1% 9.4+6.0* 1.1+0.5% 1.1+0.5% 0.6+0.2* 10.446.7*
P value 0.001 0.044 0.000 0.000 0.000 0.026 0.000 0.000

Note: Compared with the preoperative 2P < 0.05, *P < 0.01.

Kay Elemetrics), in the Kay Computerized
Speech Lab software. A multi-dimensional
voice program module for voice spectrum anal-
ysis was used. The evaluation parameters
included fundamental frequency perturbation,
amplitude perturbation, fundamental frequen-
cy perturbation quotient, amplitude perturba-
tion quotient, noise harmonic ratio, and maxi-
mum phonation time.

Statistical analysis

The SPSS14.0 software was used for variance
analysis. Data were expressed as mean + stan-
dard deviation (X £s), and P < 0.05 was consid-
ered as statistical significant.

Results

Comparison of surgical efficacy for vocal cord
polyp

Each patient underwent resection once, with
neat cutting edge under the microscope
without any postoperative complications.
Immediate direct laryngoscopy showed the flat
clean vocal cords edge in the laser group
(Figure 1A and 1B). The vocal cord wounds of
the conventional group wound showed slight
bleeding and their vocal cords edge was not
neat enough (Figure 1C and 1D). One week
post-surgery, the vocal cord wounds of the
laser group were covered by a small amount of
pseudomembrane under electronic laryngos-
copy with flat edges, contrary to the other
group, which had smooth vocal cord wounds
smooth, but the vocal cords edges were not
neat enough. Then, 1 and 3 months post-sur-
gery, the electronic laryngoscope morphologi-
cal examination implied a good healing of the
wounds, and the glottic close showed no signifi-
cant difference. Mucosa wave approached nor-

18268

mal under stroboscopic laryngoscope. The
objective and subjective assessments of the
patients’ voice indicate the following. One week
post-surgery, the voice of the conventional
group began to improve (P < 0.05 or P < 0.01).
After 3 months, significant improvements were
found (P < 0.01). By contrast, the voice of thee
laser group slightly worsened 1 wk post-sur-
gery. After 1 and 3 months, the voice function
in the laser group improved significantly (P <
0.05 or P < 0.01). During these periods, the
subjective and objective testing data analysis
of the two groups indicated no significant differ-
ence (Tables 1 and 2).

Comparison of surgical efficacy in vocal cord
leukoplakia

In the laser group, the postoperative immediate
direct laryngoscopy of the patients with vocal
cord leukoplakia showed that the wound edges
of the exposed vocal cord were neat, clean, and
without bleeding (Figure 2A and 2B). In the con-
ventional group, the vocal cord wounds exhibit-
ed slight bleeding, and the vocal cord wound
edges were not tidy (Figure 2C and 2D). One
week post-surgery, the vocal cord wounds of
the laser group were smooth and protected by
pseudomembrane, as shown by electronic
laryngoscopy. By contrast, vocal cord wounds
of the conventional group were only partially
covered by pseudomembrane. The vocal cord
surface was uneven, and vocal cord edges were
not neat enough. Then, 1 and 3 months post-
surgery, a video laryngoscope morphological
examination showed good wound healing of the
laser group, and their glottic close was also bet-
ter than that of the conventional group (Figure
3A and 3B). Stroboscopic laryngoscopy showed
that the laser group’s mucosal wave was close
to normal, with bilateral vibrations better than
those of the conventional group. The voice

Int J Clin Exp Med 2015;8(10):18265-18274



Treatment of vocal cord polyp and leukoplakia

Table 2. Preoperative, postoperative objective assessment of laser and conventional group (vocal cord polyp) (X £s)

Laser group Cold instruments group
Time Jitt (%) PPQ (%) Shim (%) APQ (%) NHR MPT, s Jitt (%) PPQ (%) Shim (%) APQ (%) NHR MPT, s
Before surgery 5.51+1.04 3.11+0.37 8.37+1.21 7.21+1.76 0.48+0.11 9.6+1.2 5.60+1.15 3.22+0.45 8.15+2.05 7.39+1.70 0.50+0.13 9.91+2.1

After surgery 1 week 4.28+1.02 2.87+0.48 5.32+1.05° 4.91+0.87° 0.43+0.09 11.9+2.1" 3.88+1.85" 2.79+0.68 4.36+2.55" 3.76+1.07" 0.31+0.09" 11.3+3.9"
After surgery 1 month  3.25+0.65" 1.30+0.50* 3.26+0.75* 3.65+0.58* 0.29+0.07* 13.8+3.2% 3.15+0.62* 1.27+0.50* 3.56+0.96* 3.71+0.78* 0.27+0.08* 14.0+2.6"*
After surgery 3 months 1.73+0.52% 0.58+0.14* 3.24+0.89% 3.43+0.63* 0.21+0.03* 15.2+3.4% 1.68+0.49% 0.61+0.34% 3.14+0.65" 3.03+0.72% 0.26+0.03* 15.7+3.2%
P value 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.162 0.000
Note: Compared with the preoperative, “P < 0.05, #P < 0.01.

Table 4. Preoperative, postoperative objective assessment of laser and conventional group (vocal leukoplakia) (X £s)

Laser group Cold instruments group
Time Jitt (%) PPQ (%) Shim (%) APQ (%) NHR MPT, s Jitt (%) PPQ (%) Shim (%) APQ (%) NHR MPT, s
Before surgery 5.23+1.05 3.29+0.58 8.21+1.25 7.28+1.98 0.48+0.17 10.2+1.2 5.31+1.25 3.32+0.55 7.95+2.35 7.49+1.80 0.51+0.19 9.9+1.1

After surgery 1 week 4.68+1.02 2.99+0.48 7.32+1.05 4.91+0.8* 0.43+0.09 11.9+2.1 4.48+1.85 2.79+0.68 6.76+2.45 5.96+1.07 0.40+0.09 10.3+3.9
After surgery 1 month 2.14+0.6* 2.26+0.5" 3.06+0.7" 2.87+0.5* 0.19+0.0* 13.6+3.2" 3.05+0.6" 2.56+0.5° 3.26+0.9" 3.68+0.7" 0.37+0.0" 12.9+2.6"
After surgery 3 months  1.23+0.5%  1.58+0.1* 2.54+0.6* 2.46+0.4* 0.13+0.0* 15.5+3.4* 1.93+0.4* 1.81+0.3* 3.24+0.8" 3.03+0.7# 0.26+0.0* 13.7+3.2"
P value 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.006 0.000
Note: Compared with the preoperative, “P < 0.05, #P < 0.01.
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Figure 2. Surgery on vocal cord leukoplakia. A, B. Laser group, immediate direct laryngoscopy showed the exposed
vocal cords wound edges were neat and clean, with no bleeding; C, D. Conventional group, vocal cords wounds had
a little bleeding, and vocal cord wound edges were not tidy.

would be affected by the coagulation and char-
ring of vocal cord tissue under laser treatment
with continuous oscillation mode. However,
Benninger et al. [8] suggested that, at early
stages, low-powered CO, laser (1 W to 3 W),
under super-pulse mode and with 0.1 s effec-
tive time, has mild impact on benign lesions,
such as vocal cord polyps, vocal nodules, vocal
cord cyst. However, the long-term effects (> 1
month) are not worse than the conventional
laryngeal microsurgical instruments. The
wound healings from both treatments in the
current study showed no differences, and no
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greater damage on the vocal cords was found.
Although laser generates high power density,
its brightness and strength can be adjusted. In
the case of correct focal length, the cutting
edge can destroy onlya 5 ym to 100 um radius
area and approximately 5 to 10 cells, as long as
a piece of soaked cotton is placed to protect
bilateral incisions. Only 1 to 5 cells would be
damaged because the surgery is extremely
accurate, and the normal tissue would not be
damaged [9-11]. Benninger et al. [6] examined
37 cases with vocal cord polyps, nodules, or
cysts in a prospective randomized study. In this
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Figure 3. Surgery on vocal cord leukoplakia (3 months after surgery). A. Laser group; B. Conventional group. In
laser group, there was a well wound healing, and the glottic close was better than conventional group. Group (vocal
leukoplakia) (X £s).

Table 3. Preoperative, postoperative subjective assessment of laser and conventional group (vocal

leukoplakia) (X £s)

Laser group

Cold instruments group

Time G R B

VHI G R B VHI

Before surgery
After surgery 1 week
After surgery 1 month

After surgery 3 months  1.0+0.3" 1.0+0.5" 0.6+0.2"
P value 0.001 0.001 0.000

2.310.4 2.4+0.4 2.2+0.5 32.5%£15.2 2.2+0.5 2.3+0.6 2.3+0.3 31.8+19.2
2.5+0.6 2.2+0.3 2.3+x0.4 29.31#5.2 2.4+0.9 2.2+0.7 23204 28.31#5.8
1.3+0.5* 1.3+0.4* 0.9+0.3" 11.2+2.3" 1.4+0.5* 1.740.5 1.9+0.3 16.2+2.3*
9.4+6.0" 1.1+0.4* 1.1+0.5* 0.6+0.2" 12.4+6.7*

0.000 0.002 0.024 0.000 0.000

Note: Compared with the preoperative, *P < 0.05, P < 0.01.

objective and subjective assessment indica-
tors had no obvious improvement 1 wk post-
surgery, whereas the sound of the two groups
began to improve gradually and significantly 1
and 3 months post-surgery (P < 0.05 or P <
0.01). The preoperative and postoperative sub-
jective and objective detection data from the
two groups showed significant difference, but
the laser group recovered better than the con-
ventional group (Tables 3 and 4).

Compare the voice results between laser and
cold instrument group. The voice objective and
subjective assessment indicators showed to
improve significantly 1 and 3 months post-sur-
gery (P < 0.05 or P < 0.01) for laser group than
cold instrument.

This study suggests other superiority of CO,
laser for benign laryngeal lesion, such as bleed-
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ing control, improved mucosal wave, and early
recovery, to conventional surgery. We will dis-
cuss below.

In all cases, postoperatively followed-up, 1
times a month. 2 cases recurred in half a year
in the conventional cold equipment group of
vocal cord polyp and leukoplakia each.
Reoperation by laser were performed, followed
up postoperatively for 2 years without
recurrence.

Discussion

Controversies still surround the advantages of
CO, laser treatment on laryngeal benign dis-
ease and precancerous lesions over the con-
ventional microsurgery. Some scholars [2-4]
believed that CO, laser thermal damage deep-
ens the surgical trauma and wound healing
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study, 21 patients were treated with surgical
instruments and microsurgical resection and
the rest of patients were treated with CO, laser
to remove lesions. No difference was found
between the healings of the two groups, and
the subjective judgment of sound recovery was
good. Hence, the assisted technology of CO,
laser in laryngeal microsurgery compared with
surgical instruments the normal vocal cords did
not show greater damage. These results are
consistent with the results of clinical studies.
The current study found that during the early
stage (1 wk post-surgery), the recovery of bilat-
eral vocal cord polyp patients in laser group
was slightly worse than the conventional sur-
gery group. At the late stage (1 month to 3
months post-surgery), electronic laryngoscopy
and strobe laryngoscopical mucosal wave indi-
cated no obvious differences. Based on the
voice objective and subjective assessment
indicators, the conventional surgery group
began to improve (P < 0.05 or P < 0.01). Three
months post-surgery, these indicators improved
significantly (P < 0.01), but the sound of the
laser group was slightly worse than that of the
conventional group 1 wk post-surgery. After 1
and 3 months, the voice function of the laser
group improved significantly (P < 0.05 or P <
0.01). However, during the same period, subjec-
tive and objective testing data analysis showed
no statistically significant difference (Tables 1
and 2). These results indicated that in the treat-
ment of vocal cord polyps, CO, laser does not
adversely affect the recovery of the vocal cords.
We believe that CO, laser surgical treatment for
laryngeal benign disease also has the following
advantages: 1. This procedure is highly precise
because the jitter induced by long distances
cutting of conventional “cold equipments”
(such as the throat knife, scissors, and pliers)
can be avoided, rendering a more accurate and
simpler operation; and 2. The laser beam can
close the mucosal surface of the small blood
vessels, resulting in and a clearer operative
field. Complete lesion removal will then be
much easier, leading to a high curing rate.

The early practice of CO, laser surgery used
continuous wave with a large spot diameter,
resulting in relatively large heat damage. With
the continuous improvement in laser technolo-
gy, super-pulsed laser is now applied, and its
power and spot size can be adjusted to reduce
greatly the degree of surrounding tissue ther-
mal damage, offsetting the thermal damage

18272

caused by delayed healing [4, 12-14]. Therefore,
according to the results of our previous animal
experiments [14], the advantages of CO, laser
surgery for vocal cord polyps can be realized
compared with conventional microsurgery and
should be practiced.

Micro-laryngoscope mucosa endarterectomy
and laryngeal laser treatment are the primary
approaches in the early intervention treatment
of laryngeal precancerous lesions. Laryngeal
microsurgery and laser surgery have obvious
advantages [15]. No neck incision is performed,
and sound functional recovery is good.
Microscopic surgery is accurate, and normal
tissue and diseased tissue are easy to distin-
guish for precise excision of throat lesions
under direct field. Less bleeding and faster
recovery are observed, which are particularly
suitable for the elderly without surgical contra-
indications. This procedure requires a short
treatment time and has reasonable cost.
Additionally, the resulting malignancy rate is
low. Several scholars believed that CO, laser
treatment can reduce significantly the rate of
malignant transformation of precancerous
lesions. The development of precancerous
lesions to laryngeal cancer is a multi-stage pro-
cess. CO, laser treatment can block the patho-
logical process effectively to prevent disease
progression [16-20]. The current study showed
that, at the early recovery phase (1 wk post-
surgery), no significant difference was found in
patients with bilateral vocal cord leukoplakia.
At the late recovery phase (1 and 3 months
post-surgery), good wound healing in the laser
group was shown by electronic laryngoscopy.
Stroboscopic laryngoscope showed that the
laser group’s mucosal wave was close to nor-
mal, with bilateral vibrations better than that of
the conventional group. The voice objective and
subjective assessment indicators had no obvi-
ous improvement 1 wk post-surgery. After 1
and 3 months, sound improved gradually and
significantly (P < 0.05 or P < 0.01). Preoperative
and postoperative subjective and objective
detection data had statistically significant dif-
ference (Tables 1 and 2). The voice recovery in
the laser group was better than those of the
conventional group (Tables 3 and 4).

The study selected only one of the benign and
precancerous lesions of vocal cords for CO,
laser efficacy comparison. The efficacy of the
surgical procedures in other lesions, such as

Int J Clin Exp Med 2015;8(10):18265-18274



Treatment of vocal cord polyp and leukoplakia

vocal nodules, vocal cord cyst, laryngeal papil-
loma, and laryngeal keratosis psychosis, need
further studies.

Conclusion

The experimental results suggested that CO,
laser laryngomicrosurgery will not cause high
impact on the vocal cords for benign vocal cord
lesions. For precancerous lesions, it can
improve significantly the morphology of vocal
cords and the quality of pronunciation. CO,
laser laryngomicrosurgery is more effective
than conventional surgery (cold instruments)
and worthy to be promoted.
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