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Abstract

Objectives The purpose of this study was to analyze the short- and middle-term effects of primary injection laryngoplasty
in patients having tumor resection within the same surgery concerning the vocal outcome. Injection laryngoplasty was per-
formed after harvesting autologous adipose tissue via lipoaspiration.

Methods A prospective study was performed with 16 patients (2 female; 14 male) who received tumor resection and an
injection laryngoplasty using autologous adipose tissue during a single stage procedure. Multidimensional voice evaluation
including videostroboscopy, patient self-assessment, voice perception, aerodynamics, and acoustic parameters was performed
preoperatively, as well as 1.5, 3 and 6 months postoperatively.

Results Results show an improvement in the roughness—breathiness—hoarseness (RBH) scale, voice dynamics and subjective
voice perception 6 months postoperatively. Maintenance of Voice Handycap Index, jitter and shimmer could be observed
6 months postoperatively. There was no deterioration in RBH and subjective voice perception 2 and 6 weeks postoperatively.
No complications occurred in the fat harvesting site.

Conclusions Using the lipoaspiration and centrifugation approach, primary fat injection laryngoplasty shows short-term
maintenance und middle-term improvement in voice quality in patients with vocal fold defect immediately after chordec-
tomy 6 months postoperatively. Cancer recurrence rate is comparable to the reported cancer recurrence rate for laryngeal
carcinoma and thus not elevated through primary augmentation.

Keywords Injection laryngoplasty - Autologous adipose tissue - Adipose-derived stem cells - Chordectomy - Glottic
cancer - Voice outcome

Introduction

Laryngeal carcinomas are the most frequent head and neck
carcinoma [1]. The prognosis for T1 glottic cancers concern-
ing the tumor-related survivals are superior with a 5-year
survival rate of 95.5-100% for T'1a carcinomas, respectively
[2, 3]. For T1a glottic carcinomas, surgery and radiotherapy
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are equally established as therapy options exhibiting com-
parable survival rates [4]. Surgical tumor resection using
a microlaryngoscopical approach, on one hand, has been
shown to be a safe and effective therapy of T1 glottic car-
cinomas [2, 5]. However, the tumor resection frequently
leaves a defect in the vocal folds with patients often having
an insufficient glottal closure and thus impairment of vocal
function [6]. Furthermore, CO,-lasers are frequently used for
the surgical removal. Such lasers produce heat resulting in
scar tissue formation preventing a sufficient vocal fold oscil-
lation with the consequence that the fragmentation of the
transglottic air stream could be inappropriate. On the other
hand, radiotherapy frequently reduces vocal fold oscillation
with the consequence of voice impairment comparable to
surgical tumor resection [7, 8]. When comparing both treat-
ment modalities, tumor resection offers better larynx pres-
ervation rate and quicker voice recovery than radiotherapy
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[9]. Furthermore, during surgery full tumor resection can be
controlled by frozen section analysis.

Because of the overall great survival rates concerning
glottic T1 laryngeal carcinomas, the non-survival-related
factors influencing the post-therapeutically quality of life—
such as vocal function—are of great importance. During the
last decades, the social necessity to communicate has grown
with many employees relying on their voice to accomplish
their job [10, 11]. Consequently, for many patients impair-
ment of post-therapeutically vocal function not only results
in a diminished quality of life but also in problems con-
cerning the fulfillment of the work-related vocal demands.
Therefore, much effort is given to provide early rehabilita-
tion, especially after laryngeal tumor surgery.

Besides, for voice rehabilitation other surgical techniques
including laryngoplasties and thyreoplasties [12—14] have
been established. For laryngoplasties which augment the
vocal folds, many different synthetic or autologous fillers
such as polytetrafluoroethylene (Teflon), calcium hydroxy-
lapatite (CaHa), collagen, hyaluronic acid and fat have been
used [15-17]. In comparison with other materials, autolo-
gous fat has the advantage that no graft rejection is to be
expected in comparison with synthetic fillers which can
cause local inflammation and foreign body reaction [15].
Laryngoplasties using lipoinjection have been described
to be a safe and efficient technique in unilateral vocal fold
paralysis, lasting 6 months up to 1 year [16]. Frequently,
surgical techniques are performed in a time interval relative
to the tumor-related surgery to have a better morphological
tumor control. However, due to the time interval the vocal
folds frequently become stiff because of scarring which
eventually limits the medialization effect for laryngoplas-
ties. Therefore, during the last years, early fat augmentation
immediately after removal of the tumor within the same sur-
gical session has been established [18]. It has been assumed
that this would result in a better vocal function after the
healing process due to the fact that the persisting part of
the vocal folds is mostly still soft which permits a greater
amount of medialization. However, the vocal outcome after
early vocal fold laryngoplasty immediately after tumor
resection has not yet been investigated, in detail.

Materials and methods

After approval from the local ethical committee (project
number: 20-563) for a period of 16 months, 16 patients
with Tcis, T1 or T2 laryngeal carcinoma were included
into a prospective study design. All patients received
a surgical tumor resection using a CO, laser at 6 Watt
Superpulse (AcuPulse™, Lumenis, Dreieich, Germany) in
a microlaryngoscopically approach and general anesthe-
sia by a single surgeon specialized in phonosurgery with
a phonosurgical experience of more than 20 years. All
patients received at least a chordectomy type III. Removal
of the entire tumor was ensured through immediate frozen
section analysis during surgery. Table 1 shows the patient
characteristics. 10 min before fat harvesting 5 ml of Ult-
racain 2%® Suprarenin® were injected in the abdominal
subcutis. Fat was harvested through lipoaspiration from
the abdomen either from the right, left or both perium-
bilical regions. The fat harvesting set by Spiggle & Theis
(Spiggle & Theis Medizintechnik GmbH, Overath, Ger-
many) was used, requiring only a small incision from 1 to
2 mm. With the fat harvesting needle with an inside diam-
eter of 1.2 mm the subcutaneous fat was then rasped and
aspirated into a 10 ml syringe. Afterward, the fat was cen-
trifugated for 5 min at 3000 rpm. After centrifugation and
removal of the oily and bloody fraction, only the stromal
vascular fraction was injected. For fat injection, the stro-
mal vascular fraction was transferred into 1 ml syringes
and the fat injection needle with an inside diameter of
0.70 mm at the tip was used. The fat was injected lateral
to the thyroarytenoid muscle of the side receiving chor-
dectomy. All patients received solely one sided injection
laryngoplasty. The quantity of the injected fat was chosen
by the surgeon depending on the visual medialization with
an overcorrection of approximately 10-20%.
Multidimensional evaluation of the vocal function was
performed using the protocol of the European Laryn-
gological Society [19]. The protocol included patient self-
assessment [Voice Handicap Index (VHI)] in the German
translation [20, 21]; subjective voice perception), voice

Table 1 TNM, gender,

. T-classification Cis Tla T1b T2
lateralization, chordectomy and
oncological follow-up of the Gender Female (1) Female (1) Female (0) Female (0)
study population Male (1 Male (11) Male (1) Male (1)
Lateralization Right (1) Right (7) Bilateral (1) Right (1)
Left (1) Left (5)
Chordectomy according to Type III (2) Type III (12) Type Va (1) Type Vb (1)
Remacle et al. [24]
Cancer or Ci4 recurrence 0 1 0 1
Control laryngoscopy 11 1
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perception by a phoniatrician (RBH (roughness—breathi-
ness—hoarsness) scale [22]), aerodynamics [maximum
phonation time (MPT) and spirometry (ZAN, Oberthulba,
Germany)], and acoustic parameters (Goettingen hoarse-
ness diagram including the jitter, shimmer and Glottal-
to-Noise-Excitation Ratio for the vowels /a,e,i,o,u,ae/ in
4 conditions (normal, low pitch, high pitch and loud pho-
nation), Wevosys, Forchheim, Germany). Furthermore,
for all patients voice range profiles (Wevosys, Forchheim,
Germany) with a sound level meter (Voltcraft, Hirschau,
Germany) positioned 30 cm from the lips were evaluated.
From these measures the Dysphonia Severity Index (DSI)
[23] was established. Vocal fold oscillation patters were
recorded using transnasal digital videostroboscopy (Xion
GmbH, Berlin, Germany). Voice evaluation was performed
preoperatively and at 1.5, 3 and 6 months. At 2 weeks
postoperatively, solely RBH scale and laryngostroboscopy
were performed. At all appointments patients were asked
to rate their voice on a four-level scale from normal to
severely affected as well as to rate their daily vocal impair-
ment from no impairment to sever impairment with limita-
tions in day-to-day activities.

Statistical analysis and Wilcoxon signed rank test as well
as Mann—Whitney U test was performed via Excel (Micro-
soft, Redmond, USA) and R version 4.1.2 (The R Founda-
tion for statistical computing, Vienna, Austria).

Results

The median age was 65 years (min. 53—-max. 87 years)
and the median Body Mass Index 23 kg/m? (min. 16-max.
36 kg/m?). Regarding the type of chordectomy, one patient
received a type Vb chordectomy according to Remacle et al.
[24] due to extension to the subglottic area, one patient
obtained type Va chordectomy due to extension to the con-
tralateral vocal fold, the other patients all received type III
chordectomy. Except from 2 patients, all patients received
control laryngoscopy in general anesthesia 4—12 weeks after
surgery. The 2 patients not receiving control laryngoscopy
were one patient with C;g and one with extremely wide
cancer free margins. In two patients there was a postopera-
tive small laryngeal granuloma which was resected during
the control laryngoscopy. At the 12 week appointment, 2
patients had to be excluded from further analysis, one due to
cancer recurrence in the control laryngoscopy and one due
to Cjg in the control laryngoscopy.

Regarding safety, one patient was subject to supraglot-
tic swelling due to extremely difficult intraoperative adjust-
ability and, therefore, required intraoperative tracheostomy.
This patient was excluded from further analysis, postop-
eratively. Another patient required surgery for monopolar
cauterization due to bleeding during a hypertonic episode a

few hours after surgery. No further complications occurred,
specifically no complications occurred in the area of the fat
harvesting. Preoperatively all patients completed full mul-
tidimensional voice evaluation. At 6 weeks postoperatively,
full voice evaluation is available for 12 patients and vid-
eostroboscopy and RBH scale for 15 patients. At 3 months
postoperatively, 12 patients received full voice evaluation
and 13 patients stroboscopy and RBH scale. At 6 months
postoperatively 8 patients completed full voice testing and
9 patients stroboscopy and RBH scale.

Figure 1 documents a representative case of a patient
with a Tla carcinoma of the right vocal fold. This patient
received type III chordectomy with primary injection laryn-
goplasty. Figure 1 shows the preoperative state of the vocal

Fig. 1 Patient with Tla-carcinoma of the right vocal fold. A Preoper-
ative state. B 2 weeks postoperatively, a slight hyperemia of the right
vocal fold can be seen. C 12 weeks postoperatively, scar formation
can be seen on the right vocal fold. D 26 weeks postoperatively, the
right vocal fold shows slightly less volume than the left vocal fold.
Scar formation has occurred quite medialized, enabling good glottal
closure in videostroboscopy
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fold, as well as the state 2, 12, and 26 weeks postoperatively.
26 weeks postoperatively, the right vocal fold shows almost
the same volume as the left vocal fold, though scarring has
occurred quite medialized, enabling good glottal closure in
the videostroboscopy.

Fat harvesting and injection

The median volume of harvested fat was 5.15 ml (min.
4.0 ml; max. 9.0 ml). The median volume of injected fat
was 1.15 ml (min. 0.4 ml; max. 3.6 ml) and of the fat spill-
ing out of the vocal fold after injection 0.2 ml (min. 0.1 ml;
max. 3.4 ml). Thus, the medium volume, which persisted in
the vocal fold was 0.6 ml (min. 0.1 ml; max. 1,9 ml). The
medialisation effect was considered low by the surgeon in 1
case, mediocre in 6 cases, good in 4 cases and very good in
4 cases. In one case—the patient requiring tracheostomy—
there was no augmentation effect at all, as shown in Fig. 2.
No patients needed further surgery for voice improvement
during the observation period. No complications occurred
in the fat harvesting site.
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Fig.2 Clustered boxplot of the injected and spilled fat in context with
the medialization effect
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Vocal results

In the perceptive RBH scale in Fig. 3 conservation of the
preoperative voice state can be found with improvement
at 6 months postoperatively. When performing Wilcoxon
signed rank test, significant difference was found for pre-
operative breathiness and 6 weeks (p =0.005; 95% confi-
dence interval (CI) — 2.00 to — 1.00) as well as 12 weeks
(p=0.028; 95% CI — 2.5 to — 0.5). Furthermore, signifi-
cant difference was found for preoperative hoarseness and
6 weeks (p=0.042; 95% CI - 0.15 to — 0.00005). No signifi-
cance was found for other measures. The subjective voice
perception was rated as equal at 2 and 6 weeks postopera-
tively and better 12-26 weeks postoperatively, as shown in
Fig. 3.

The median VHI was 31 (min. 2; max. 64) preoperatively,
54 (min. 2; max. 75) at 6 weeks postoperatively, 49 (min.
3; max. 63) at 12 weeks, 42 (min. 0; max. 49) at 26 weeks,
as shown in Fig. 4. No statistical significance was found.
When comparing the patient group having at least median fat
(0.6 ml) remaining in the vocal fold intraoperatively and the
patient group having below median remaining in the vocal
fold, a difference in median VHI can be observed.

When performing Wilcoxon signed rank test there was
a significant difference between the preoperative DSI and
the DSI at 6 weeks (p=0.014; 95% CI 0.95-10.14) as well
as the DSI at 12 weeks (p=0.019; 95% CI 0.55-8.59). No
significant difference was found for 26 weeks. When ana-
lyzing the individual values this can be attributed mainly to
the MPT, which is decreased at 6 and 12 weeks postopera-
tively. When dividing the study population in 2 groups in
relation to the remaining fat in the vocal fold, better results
can be observed for the group with remaining fat volume
being median or above median, as seen in Fig. 4. Difference
between the groups was not significant.
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Fig. 3 a Clustered boxplot of the RBH scale of all patients for the time of measurements preoperative, 2, 6, 12 and 26 weeks. b Boxplot for sub-
jective voice evaluation at the time of measurement preoperative, 6, 12 and 26 weeks
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Fig.4 a Median VHI for time of measurements preoperative, 6, 12
and 26 weeks. Median VHI for all patients as well as median VHI
for the patient group with the remaining fat in the vocal fold being
median or above and the patient group with the remaining fat in the

The vital capacity, MPT, vocal dynamics and funda-
mental frequency can be found in Table 2. When perform-
ing Wilcoxon signed rank test there is a significant dif-
ference for vital capacity between the preoperative state
and the state at 26 weeks (p =0.034; 95% CI 0.035-1.06).
Furthermore, significant difference between the preopera-
tive MPT and the 6 week MPT (p value 0.036; 95% CI
0.23-6.76) was found as well as significant difference
between the preoperative fundamental frequency and at
6 weeks (p=0.0053; 95% CI — 32,00 to — 700). No sig-
nificant difference was found for preoperative MPT and
12 week or 26 week MPT or vocal dynamics.

The results of the Goettingen hoarseness diagram are
displayed in Fig. 5. When performing Wilcoxon signed
rank test the difference between the preoperative Glottal-
to-Noise-Excitation Ratio and at 6 weeks (p =0.0068;
95% C10.035-0.205) as well as 12 weeks (p=0.017; 95%
CI 0.10-0.22) was significant. There was no significant
difference at 26 weeks as well as Jitter and Shimmer.
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vocal fold being below median. b Clustered boxplot of DSI in rela-
tion to the remaining fat in the vocal fold for the time of measure-
ments preoperative, 6 weeks, 12 weeks and 26 weeks. The median fat
remaining in the vocal fold being 0.6 ml

Stroboscopy

Preoperatively 11 patients showed no relevant amplitude nor
mucosa wave in the area of the vocal fold mass lesion and 4
patients revealed an impairment of the oscillatory amplitude.
26 weeks after surgery, there were 2 patients with normal, 2
patients with impaired amplitude and 5 patients without any
oscillatory amplitude. Complete vocal fold closure could be
found for 10 patients preoperatively and also 10 patients at
26 weeks after surgery.

Discussion

In the present study, the vocal outcome was analyzed after
primary laryngoplasty immediately after chordectomy using
the stromal vascular fraction of autologous adipose tissue.
In general, it has been shown that after a time interval of
6 months, most of the vocal function could be preserved.
Chordectomy types III or higher have been shown to
be frequently associated with increased impairment of
vocal function [4]. The main alternative to primary laryn-
goplasty immediately after tumor resection is secondary

Table 2 Median, minimum and maximum for vital capacity, maximum phonation time, vocal dynamics, fundamental frequency and phonation

quotient preoperative and 6, 12 and 26 weeks postoperatively

Preoperative 6 weeks 12 weeks 26 weeks

Median Min Max Median Min Max Median Min Max Median Min Max
Vital Capacity (1) 343 1.84 4.80 3.53 236  4.29 3.13 142 491 2.58 1.89 474
Maximum phonation time (sec.) 11.94 476  26.35 8.90 3.00 20.55 9.51 3.10 15.15 10.71 520 2545
Vocal dynamics (dB) 21 3 31 14 0 30 18 0 27 26 13 34
Fundamental frequency (Hz) 140 111 200 152 137 211 158 91 244 158 91 219
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Fig.5 Boxplots for Goettingen hoarseness diagram at the time of measurement preoperative, 6, 12 and 26 weeks. a Clustered boxplot for Jitter

and Shimmer b Boxplot for Glottal-to-Noise Excitation Ratio

laryngoplasty or thyreoplasty after a time interval of
6—12 months [13, 25]. One consequence of the secondary
approach is that during this time interval many patients suf-
fer from poor voice quality after chordectomy. The presented
data exhibit that the primary laryngoplasty after confirma-
tion of cancer free margins in the frozen section preserves
most of vocal function with a relative low risk. In this
respect, the cancer recurrence rate of 12% seems to be in line
with other reports: Peretti et al. report a cancer recurrence
rate of 12% and Eckel et al. observed a recurrence rate of
13.9% [4, 26]. In addition, the postoperative granuloma rate
of 12% seems to be in accordance with the literature regard-
ing complications after laser surgery of glottic cancer [27].
Furthermore, the observed complications in our study were
not related to the liposuction or laryngoplasty.

The use of autologous adipose tissue for injection lar-
yngoplasty has already been proved to be effective in the
treatment of insufficient glottal closure, for example, in
unilateral vocal fold paralysis [28]. In the presented study,
the use of autologous adipose tissue was found to be a safe
and effective treatment for primary injection laryngoplasty
directly after chordectomy. The fat harvesting procedure
showed no complications in the presented study, being
a low risk and cost-effective technique for acquisition of
autologous material for injection laryngoplasty. If further
injection laryngoplasties are needed, fat harvesting can be
repeated, representing an almost infinite reservoir of mate-
rial. In recent studies, the stromal vascular fraction, contain-
ing adipose derived stem cells, is said to positively affect
wound healing through mechanisms involving migration
of fibroblasts and tubulogenesis of endotheliocytes [29].
Its properties to prevent scar formation and promote regen-
eration of injured vocal fold have been praised [30]. In the
presented study, an amelioration or normalization of ampli-
tude could be observed in 4 patients. Whether this has to
be attributed to stem cell effects cannot be proven trough

@ Springer

this study and needs further studies. Moreover the effects of
stromal vascular fraction on cancer growth stimulation and
oncologic safety have been discussed with studies showing
no increased tumor growth in breast cancer [31, 32]. On the
other hand one study analyzing tumor cell proliferation of
cancer cell lines of head and neck squamous cell carcinoma
(HNSCC) has found that adipose stem cell-derived super-
natants promote tumor cell proliferation [33]. Other studies
did not find increased proliferation of HNSCC under added
adipose derived stem cells [34, 35]. We found no increased
rate for cancer recurrence in the presented study. In regards
of the potential risk of cancer growth stimulation through
adipose derived stem cells, ensuring full tumor resection
via frozen section analysis was chosen for this study. Long-
term data and higher patient numbers have to be acquired
for more definite statements.

To the best of the authors’ knowledge, up to now, primary
injection laryngoplasty has rarely been evaluated in clinical
studies. Only one study analyzed preliminary results of pri-
mary laryngoplasty of 14 patients via modulated injection
of 0.5 cc per click and compared those results to patients
receiving solely chordectomy without injection laryngo-
plasty. Postoperative voice evaluation was performed solely
9-16 months postoperatively with VHI, GRBAS scale and
multidimensional voice program on the sustained vowel
/a/. Furthermore, the fat extraction and injection was per-
formed in the same syringe [36]. Villaret et al. found an
improvement of VHI as well as a significant improvement
of G, B and A for the patients receiving primary injection
laryngoplasty. Objective values of multidimensional voice
profile showed no significant difference only an improving
trend for patients receiving injection laryngoplasty [36]. In
the presented study a more detailed voice analysis was per-
formed according to ELS-protocol at various postoperative
timepoints and used a new approach of minimally invasive
fat harvesting. Furthermore, in the presented study transfer
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the stromal vascular fraction to a smaller syringe for injec-
tion was chosen. This also allows to avoid the injection of
oil and blood and select solely the stromal vascular fraction.
The median harvested fat in the presented study was clearly
lower with a median of 5 ml comparing 8 cc [36].

In our study at the 6 and 12 week appointment, there
was a decrease of voice quality in the MPT, VHI, DSI,
Goettingen hoarseness diagram with return to the preop-
erative state at 6 months postoperatively. When analyzing
the vocal results at 6 and 12 weeks, an improvement can
already be noted at the 12 week appointment. One possible
explanation for the decrease in voice quality at the 6 week
appointment could be the two patients developing vocal fold
granuloma with resection during the control laryngoscopy
between the 6 and 12 week appointment. When looking at
the data of those two patients an improvement of objective
voice evaluation can be seen for the 12 week measurement,
after granuloma resection. Due to the small patient num-
ber in our study, data of two patients can already have an
important influence on the overall outcome. The decrease
in voice including RBH at the 12 week measurement in turn
could be attributed to a new wound healing after control
laryngoscopy, which occurred between the 6 and 12 week
measurement. Due to the design of this study those effects
cannot be separated from the effect of the injection laryngo-
plasty. Our findings can confirm the positive trend of voice
for patients after primary injection laryngoplasty already
6 months after surgery accordingly to Villaret et al., who
found this trend 9-16 months after surgery [36]. Regarding
the minor decrease in vocal function 6 and 12 weeks after
surgery a study comparing the decrease in voice quality after
primary and secondary injection laryngoplasty is necessary.
Yet, it has to be shown, if primary injection laryngoplasty
is able to reduce the amount of voice decline in comparison
with chordectomy without injection laryngoplasty in the first
weeks after surgery.

One challenge of secondary augmentation is scarring of
the vocal fold, which subsequently cannot be augmented
homogeneously by fluids or gel like substances, such as fat
or CaHa. Through primary augmentation this problem can
be avoided due to the lack of scarring. In the presented study
a more medialized scarring of the vocal fold in augmented
patients during stroboscopy has been observed, as seen
exemplarily in the presented patient in Fig. 1. Measurements
of the volume of the vocal fold are only recently possible
by laser triangulation [37], which has not been performed
in this study. Whether the scarring of the vocal fold occurs
more medially compared to chordectomy without primary
injection laryngoplasty can thus not be answered by this
study alone and represents a limit of this study. Studies com-
paring injection laryngoplasty of various materials suggest
that voice improvement relies more on the improvement of
the glottal closure rather than the chosen material [38, 39].

As such a more medialized scarring could lead to a long-
term benefit of the voice. Possibly the material chosen to
perform primary injection laryngoplasty is less relevant than
thought. Other studies described long-term effects of injec-
tion laryngoplasty with autologous adipose tissue with con-
tinued improvement 12 months after surgery for unilateral
vocal fold paralysis [40, 41]. Studies analyzing the dimen-
sions of the vocal fold after primary injection laryngoplasty
directly after chordectomy are needed. Should effects rely
more on a more medialized scarring, studies need to analyze
whether the material chosen to perform primary injection
augmentation is relevant. The use of other fillers for lipoin-
jection, such as polydimethylsiloxane (Vox Implant ®) or
CaHa, would also be favorable in regards of the ongoing
debate of the potential influence of autologous fat on tumor
growth. For patients with unilateral vocal fold paralysis or
vocal fold atrophy CaHa has been proven to be as effective
as autologous fat regarding long-term effect [39]. Basing
on our results, showing transient voice decline at 1,5 and
3 months postoperatively as well as the possible necessity
of granuloma resection at 3 months, when choosing other
materials than autologous fat, filler remaining in the vocal
fold more than 3 months should be chosen. The use of per-
manently lasting fillers could reduce the potential necessity
of re-injection in the future.

Further limiting factors have to be noted for this study.
First, all procedures were performed by solely one surgeon.
As such a possible influence of the phonosurgical technique
cannot be excluded. Moreover, this surgeon chose an over
correction rate of 10-20%. Some surgeons chose over injec-
tion of 30% [16]. Whether the amount of overcorrection
has an influence has yet to be analyzed. To the best of the
authors’ knowledge no study comparing the over correc-
tion rate of autologous fat for injection laryngoplasty has
yet been performed. Possibly the decrease in voice function
at 6 and 12 weeks postoperatively can also be attributed to
the smaller over correction chosen in this study. Moreover
the median age in our study was 65. Thus, a certain degree
of age-related vocal fold atrophy is possible, which could
impact the postoperative voice result. In our study solely
one sided injection laryngoplasty was performed. Bilat-
eral augmentation directly after chordectomy could further
improve the voice in patients showing signs of vocal atrophy.
Recent studies have shown low complication rate for awake,
bilateral injection laryngoplasty for vocal fold atrophy [42].
Studies regarding the complication rate of bilateral medi-
alization in general anesthesia and in a second step studies
regarding bilateral injection laryngoplasty for patients with
vocal fold atrophy and chordectomy are needed. Fat was har-
vested solely abdominally in this study. Other studies chose
to also harvest fat glutealy [40]. Whether the fat harvesting
site has an influence on the outcome or the amount of adi-
pose stem cells is yet unknown. Moreover several studies
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have investigated the durability of voice improvement after
medialization with fat and the rate of fat absorption over
time. Fat graft survival has been thought to be 6-9 months,
though recent studies suggest that injection laryngoplasty
offers long-term graft survival [40]. As this study chose an
investigation period of 6 months postoperatively, duration of
fat graft survival and long-term outcomes of vocal function
cannot be answered. We would like to point out, that tumor
size was solely categorized by TNM-classification. More
detailed measurements of tumor size is possible by laser tri-
angulation, which was not performed in this study. Whether
exact tumor dimensions have an impact on the vocal out-
come of primary injection laryngoplasty is not determinable
by this study. In addition, this study includes only a small
amount of patients only including one T2- and one T1b-
carcinoma. Further studies with higher patient counts are
needed to validate our findings especially for patients with
T1b- and T2-carcinoma. Ideally a randomized controlled
study for comparison between primary and secondary injec-
tion laryngoplasty should be conducted.

Conclusions

Primary injection laryngoplasty immediately after chordec-
tomy is a safe and efficient therapy for small glottic carci-
noma. The minimally invasive approach to fat harvesting
allows for lipoaspiration with minimal impact.
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