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Objectives. Regenerative treatment using stem cells may serve as treatment option for empty nose syndrome (ENS), which
is caused by the lack of turbinate tissue and deranged nervous system in the nasal cavity. We aimed to assess the effi-
cacy and safety of the autologous stromal vascular fraction (SVF) in the treatment of ENS.

Methods. In this prospective observational clinical study, we enrolled 10 ENS patients who volunteered to undergo treat-
ment of ENS through the injection of autologous SVF. Data, including demographic data, pre- and postoperative Si-
no-Nasal Outcome Test-25 (SNOT-25) scores, overall patient satisfaction, and postoperative complications, were pro-
spectively collected. Nasal secretion was assessed using the polyurethane foam absorption method, and the levels of
biological markers were analyzed in both ENS group and control group using enzyme-linked immunosorbent assay.
The SVF extracted from abdominal fat was diluted and injected into both inferior turbinates.

Results. Among the 10 initial patients, one was excluded from the study. Subjective satisfaction was rated as “much im-
proved” in two and “no change” in seven. Among the improved patients, the mean preinjection SNOT-25 score was
55.0 and the score at 6 months after injection was 19.5. However, the average SNOT-25 score of nine participants at
6 months after injection (mean +standard deviation, 62.4 +35.8) did not differ significantly from the baseline SNOT-
25 score (70.1+£24.7, P>0.05, respectively). Among the various inflammatory markers assessed, the levels of inter-
leukin (IL)-1p, IL-8, and calcitonin gene-related peptide were significantly higher in ENS patients. Compared with
preinjection secretion level, the nasal secretions from SVF-treated patients showed decreased expressions of IL-13
and IL-8 after injection.

Conclusion. Although SVF treatment appears to decrease the inflammatory cytokine levels in the nasal mucosa, a single
SVF injection was not effective in terms of symptom improvement and patient satisfaction. Further trials are needed
to identify a more practical and useful regenerative treatment modality for patients with ENS.
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INTRODUCTION

Empty nose syndrome (ENS) is characterized by dry nose, pain-
ful nasal breathing, nasal obstruction, crusting, and other debili-
tating nasal symptoms [1]. Patients with ENS have a history of
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turbinate reduction procedures, including turbinectomy, turbin-
oplasty, and radiofrequency volume reduction [2]. Once patients
develop this crippling disorder, they not only experience nasal
symptoms but may also experience anxiety and depression that
can lead to suicidal ideas in extreme cases [3].

ENS can be managed by conservative and surgical options. In
a certain subgroup of patients with relatively mild symptoms,
conservative treatments such as moisturization, intermittent
plugging, and application of nasal ointment are occasionally ef-
fective [4,5]. In patients exhibiting marked loss of turbinate tis-
sue along with severe symptoms, turbinate reconstruction using
alloplastic implants, hyaluronic acid fillers, and autologous carti-
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lage are reported as effective in alleviating symptoms and there-
by improving the quality of life [6-8]. However, none of current-
ly existing treatment modalities yield truly satisfactory treatment
outcomes. In fact, several patients do not respond to the various
conservative and surgical treatment options currently available
[9]. Even in patients exhibiting improvement after surgical treat-
ment, the extent of improvement represents a partial response,
thus indicating the need for novel treatment modalities that sup-
plement the effect of surgical reconstruction of the missing tur
binate.

Nasal turbinates are an important functional organ that pro-
vides physical resistance to the inspired airflow, along with hu-
midification and temperature regulation of the inspired air. In
addition to this air-conditioning function, the epithelial layer
and subepithelial lamina propria of the turbinates act as impor
tant innate defense organs [3,10]. Therefore, the loss of turbinate
tissue may lead to derangement in airflow dynamics, alteration
of the character of the inspired air, and damage to the innate
defense mechanism of the nose [11]. Furthermore, surgical trau-
ma to nerve endings during surgery may result in various ENS
symptoms, such as painful breathing and inability to feel the in-
spired air. However, research on the pathophysiology of ENS re-
mains inadequate, thus limiting our understanding and the ap-
propriate management of this difficult condition.

Regenerative medicine using stem cells is gaining increasing
applicability in various medical conditions. The basic premise of
ENS is the loss of a functional nasal organ. Hence, stem cell
treatments can be considered useful for regenerating the turbi-
nate tissue and restoring its function. Moreover, the diagnosis of
ENS has primarily depended on clinical history, until recently
[5]. Thus, there is no available biologic marker of ENS that can
be used to better understand the pathophysiology, obtain an ac-
curate diagnosis, and follow up the surgical outcomes.

The stromal vascular fraction (SVF) from the autologous adi-
pose tissue contains mesenchymal stem cells and other cellular
components known to have regenerative and anti-inflammatory
potential. Various studies have described the beneficial effects of
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= The effect of autologous stromal vascular fraction injection
was examined in nine patients with empty nose syndrome.

= The overall Sino-Nasal Outcome Test-25 score at 6 months af-
ter injection did not differ significantly from that of before the
injection.

= The levels of interleukin (IL)-1pB, IL-8, and calcitonin gene-
related peptide were significantly higher in empty nose syn-
drome patients.

= Nasal secretions from stromal vascular fraction-treated pa-
tients showed decreased expressions of IL-1p and IL-8 after
injection.

treatment with SVF obtained from adipose tissue in the im-
provement of various medical conditions [12-16]. Therefore, to
assess the therapeutic potential of SVF in the management of
ENS, and to identify a biologic marker that can help better un-
derstand the pathophysiology of ENS, we conducted a prospec-
tive clinical observation study on a group of ENS patients from
our institution.

MATERIALS AND METHODS

Study population

A total of 10 patients (seven males and three females; age, 22 to
55 years) with ENS who were referred to and diagnosed at Asan
Medical Center, Seoul, Korea, were enrolled in this prospective
observational clinical study. ENS was diagnosed based on the
following criteria: (1) previous turbinate reduction surgery and
positive cotton test [17]; (2) partially absent inferior turbinate
tissue and abnormally wide nasal cavities, confirmed via endo-
scopic examinations and contrast-non-enhanced computed to-
mography scans; and (3) subjective symptoms, including para-
doxical nasal obstruction, nasal dryness, facial or nasal pain on
inspiration, nasal crusting or discharge, and headache [18]. Pa-
tients who underwent total inferior turbinectomy were excluded
from the present study, as they were better suited for turbinate
reconstruction using costal cartilage. All patients underwent pre-
operative psychological screening to exclude confounding psy-
chiatric disorders. This study was approved by the Institutional
Review Board of the Asan Medical Center (IRB No. 2015-0687),
and informed consent was obtained from all the enrolled pa-
tients.

Analysis of nasal secretion

Nasal secretion analysis was performed according to the method
described previously [19]. In brief, nasal secretions were collect-
ed using modified polyurethane sponge (Nasopore Standard,
Groningen, The Netherlands), which was placed into each nasal
cavity, posterior to the mucocutaneous junction, under direct vi-
sualization using endoscopy, and was left in place for 10 min-
utes. Following its removal, fluid was extracted from the sampler
by centrifugation after the addition of isotonic saline solution.
The levels of mucin-5AC (MUC5AC) and lactoferrin (LTF), as
markers of glandular secretion; substance P and calcitonin gene-
related peptide (CGRP), as markers for neurogenic inflamma-
tion; and interleukin (IL)-1p, IL-8, and tumor necrosis factor
(TNF)-a, as commonly used markers of nonspecific airway in-
flammation, were assessed. The concentrations of all substances
were determined in duplicate and calculated as the actual con-
centrations in the undiluted specimen, as it had been obtained,
by each sampling technique. The specimens were diluted to fit in
the working range of the various assays. Nasal secretion collec-
tion was performed in each patient at 2 weeks before SVF injec-



tion and 6 months after SVF injection. In order to compare the
biological marker concentration of ENS patients with that of
normal control, nasal secretion collection was also conducted in
five healthy volunteers (control group). These five normal volun-
teers (three males and two females; age, 27 to 35 years) exhibit-
ed normal endoscopic findings, and had no history of sinonasal
surgery, sinonasal abnormalities on computed tomography, or
nasal symptoms.

Preparation of SVF and injection

The adipose tissue harvesting procedure was performed in the
operating room with intravenous anesthesia with propofol (1.5
mg/kg). For free abdominal fat harvesting, a 1.5-2 cm transverse
midline incision site was first outlined approximately 1 cm be-
low the umbilicus. Thereafter, 1% lidocaine with 1:100,000 epi-
nephrine was injected into the proposed surgical site. The #10
blade was used to make an incision through the skin and subcu-
taneous tissue to expose the abdominal fat pad. After adequate
tension was maintained on the fat graft, the fat was widely un-
dermined, superficial to the rectus abdominis muscle fascia, to a
similar extent as that for the overlying skin dissection. Approxi-
mately 50-100 g of adipose fat was extracted in a block shape
from the lower abdomen, maintained in tissue culture media on
ice, and washed with phosphate-buffered saline to remove the
contaminating blood cells. Harvested tissue was immediately
sent to the lab for further processing. The washed adipose tissue
was enzymatically digested using collagenase (0.075%) at 37°C
for 45 minutes. The enzyme reaction was inactivated and centri-
fuged at 2,000 rpm for 10 minutes to obtain a high-density SVF
pellet. The cell suspension was filtered through a 70 pm nylon
mesh to remove undispersed tissue elements and red blood
cells. The obtained SVF was morphologically analyzed using an
inverted microscope and the cell viability was verified by using
trypan blue. This differentiated SVF was diluted to a concentra-
tion of 3107 cells/mL and 1.5 mL each was injected in most
medial surface of both inferior turbinates. SVF isolation and in-
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jection were performed within 2 hours. To assess the association
between SVF injection and the outcome, we did not prescribe
any medication that could affect nasal secretion analysis during
this study period.

Outcome measurements

All patients were evaluated in terms of the severity of the nasal
symptoms using the Sino-Nasal Outcome Test-25 (SNOT-25)
questionnaire as well as overall patient satisfaction. The SNOT-
25 questionnaire comprised 25 items that quantify the symp-
toms associated with ENS; each item is rated on a score from 0
(no symptom) to 5 (severe symptoms) [20]. We administered the
SNOT-25 questionnaire to the enrolled patients at 2 weeks be-
fore SVF injection and at 2 weeks, 1 month, 2 months, 3 months,
and 6 months after SVF injection.

Statistical analyses

Statistical analyses were performed using IBM SPSS ver. 21.0
(IBM Corp., Armonk, NY, USA). For quantitative variables, val-
ues are presented as mean+tstandard deviation. The Wilcoxon
signed-rank test was used to compare outcomes before and af-
ter SVF injection. Differences were considered significant at
P<0.05.

RESULTS

Ten patients (age, 35.8+17.7 years; three females) received SVF
injections in both inferior turbinates, and of these. One patient
was excluded from the study during the follow-up period be-
cause he decided to drop out. The mean overall SNOT-25 score
at 6 months after SVF injection (62.4+35.8) did not differ sig-
nificantly with that before the injection (70.1+24.7, P>0.05,
respectively). Analysis of the subjective outcome indicated that
two patients (22 %) were satisfied with their improved outcome,
and that seven patients (78%) felt no change after SVF injec-

Table 1. Demographics, SNOT-25 scores, patient satisfaction, and complications in patients with empty nose syndrome

Previous

SNOT-25

SNOT-25 Overall subjective

el Age () 2 treatment (preinjection) (6 months postinjection) improvement Celpleion
1 20 Male RFA 75 38 Improved X
2 37 Female SMR 80 116 No change X
3 47 Male SMR 35 1 Improved X
4 45 Male SMR 74 58 No change X
5 30 Male RFA 33 29 No change X
6 22 Male PT 99 102 No change X
7 29 Female RFA 71 76 No change Seroma
8 955 Male RFA+SMR 101 94 No change X
9 38 Female RFA 63 48 No change X
10 47 Male SMR - - Drop out -
Mean£SD 358117 70.1+24.7 62.4+35.8

SNOT-25, Sino-Nasal Outcome Test-25; RFA, radiofrequency ablation; SMR, submucosal resection; PT, partial turbinectomy; SD, standard deviation.
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Fig. 1. Sino-Nasal Outcome Test-25 (SNOT-25) scores at different time periods after stromal vascular fraction (SVF) injection. The mean SNOT-
25 scores ranged from 0 to 125, wherein a higher score indicated greater empty nose syndrome severity. (A) The data of nine patients under-
going SVF injection are included, and the mean baseline SNOT-25 score was 70.1+24.7. The overall change was not consistent over time
(P>0.05). The mean SNOT-25 score was 45.78+27.74 at 3 months after injection as compared to the baseline score. (B) The data of two im-
proved patients are also included, who had a mean baseline SNOT-25 score of 55.0+£20.0. The effect of SVF injection was evident after 2

weeks, and was maintained thereafter. #P=0.009 vs. baseline.

tion. Among the improved patients, the mean preinjection
SNOT-25 score was 55.0 and the score at 6 months after the in-
jection was 19.5 (Table 1).

To identify the outcome in a time-ordered sequence, we ana-
lyzed the SNOT-25 scores for these patients. The changes in the
overall SNOT-25 scores were not significant over time, until the
6-month follow-up (P>0.05). However, the mean improvement
in the SNOT-25 score was significantly different (95% confi-
dence interval, 7.86 to 40.81; P=0.009) only at 3 months after
injection, as compared to the preinjection baseline score. The
mean SNOT-25 score of two patients who were satisfied with
the result indicated significant improvement at 2 weeks after
SVF injection and the effect was maintained thereafter (Fig. 1).

To determine a suitable biological marker of ENS, multiple
markers for inflammation were selected and evaluated in this
study. Among the various inflammatory markers assessed, the
levels of IL-1B, IL-8, and CGRP were significantly higher in the
ENS group than in the control group (P<0.001). However, the
levels of LTF did not significantly differ between the ENS and
control group. The other markers, including TNF-a, MUC5AC,
and substance P, were undetectable in the ENS and control
group. Compared with the nasal secretions before the injection,
nasal secretions from SVF-treated patients showed decreased
levels of IL-1 B, IL-8, and CGRP after SVF injection. Among
these biological markers, the concentrations of IL-1 p and IL-8
were significantly decreased after SVF injection (P<0.005). Al-
though the concentration of CGRP and LTF was decreased after
SVF injection, no significant decrease was found in the levels of
those biomarkers (Fig. 2).

There were no recipient site complications, such as hemor-
rhage, pain, or embolism. However, complications were ob-
served in the form of a seroma in one patient, who was treated
via ultrasound-guided aspiration during the follow-up period.

DISCUSSION

Several recent studies in humans and animals have repeatedly
shown that autologous adipose derived stem cell (ADSC) and
SVF have regenerative and anti-inflammatory potential [13,15,
21-23]. Regenerative medicine-based treatments, including
platelet-rich plasma, platelet-rich lipotransfer, ADSC, SVEF, ex-
tracellular matrix, and fat graft, may be suitable alternatives for
the treatment of ENS. The benefits of this treatment include
easy access, minor tissue damage after transplantation, rapid
proliferation, and wide range of source. However, only few pre-
vious reports have described the use of stem cells for the treat-
ment of ENS [23,24]. A previous study reported the effect of
ADSC on the nasal mucosa and the underlying mechanism in
the treatment of ENS [23]; the authors used fat particles com-
bined with ADSC in 30 patients with ENS. The results of nasal
endoscopy and mucociliary clearance assessment were signifi-
cantly improved, and inflammation was significantly reduced in
all the patients. The authors concluded that ADSC transplanta-
tion may be effective for improving symptoms and mucosal
function in patients with ENS. In that study, the authors per-
formed three consecutive ADSC injections to areas of damaged
nasal mucosa and inferior turbinates at 10-day intervals. The
ADSC developed a polygonal cobblestone shape, characteristic
of human epithelial cells. The author concluded that ADSCs im-
proved the function of epithelial cells by upregulating the ex-
pression of specific epithelial markers, such as cytokeratin 7, 14,
and 19, which consequently improved the nasal mucosa func-
tion in patients with ENS.

Stem cells are characterized by their properties of self-renew-
al and multipotency. Both ADSCs and SVF include mesenchy-
mal stem cells that can differentiate into multiple lineages of
mature cells. SVF is the cell population that is obtained from fat
tissue after a mini-lipoaspirated procedure. The SVF contains
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Fig. 2. Concentration of biomarkers of the control group, empty nose syndrome (ENS) group, and after stromal vascular fraction (SVF) injection
group. (A) Comparisons of interleukin (IL)-18, (B) IL-8, (C) calcitonin gene-related peptide (CGRP), (D) lactoferrin (LTF) levels. The IL-18, IL-8,
and CGRP levels were significantly higher in the ENS group than in the control group. The levels of IL-18 and IL-8 were significantly decreased
after SVF injection. The LTF level did not significantly differ between the ENS and control group. The levels of CGRP and LTF were not signifi-
cantly decreased after SVF injection. #P<0.01 vs. the control group. ®P=0.013 vs. ENS group. ®P=0.014 vs. ENS group.

various types of cells, including stem cells, hematopoietic cells,
immune cells, smooth muscle cells, endothelial cells, and other
cell components, and markedly differs from ADSCs [13,25]. The
SVF has a similar regenerative potential as ADSCs, but can be
purified at one-tenth the price of stem cell therapy, which makes
it a valuable and effective treatment for restoring damaged tis-
sue and reducing inflammation. The SVF is an attractive thera-
peutic method given that the harvesting process is safe and the
cells are readily available in large quantities. Accordingly, the
SVF has been found to be effective in treating conditions from
various medical fields including osteoarthritis, degenerative disc
disease, sclerosis, tendinopathy, congestive heart failure, chronic
obstructive pulmonary disease, radiation necrosis, xerostomia,
and multiple sclerosis [12-16]. The entire process of obtaining
SVF can be performed within 60-90 minutes in a clean facility;
however, the complete isolation of a homogenous population of
ADSCs from SVF requires 24 hours in a cell culture facility.
Thus, the disadvantages of ADSCs include that they require a
considerable amount of time and substantial expense to obtain
[13,25]. Hence, the SVF can be used in these patients, which
would obviate the need for a cell culture procedure. In the pres-
ent study, the isolation and preparation of SVF was conducted
by a company (Prostemics, Seoul, Korea) located within our
hospital campus. The SVF from adipose tissue enabled us to col-

lect as much tissue as possible and obtain a sufficient number of
stem cells to achieve therapeutic potency. Flow cytometry could
not perform on a portion of all obtained SVF pellet in terms of
time limit. However, flow cytometry was sometimes conducted
in case of remained sample and SVF was maintained proportion
of mesenchymal stem cell about 40% by standard protocol and
expert researchers. Therefore, we performed single adipose SVF
injection in patients with ENS. In the present clinical trial, al-
though two of nine patients showed improvement, we failed to
confirm the significantly beneficial effect of adipose SVF in the
treatment of ENS in most of our patients.

There may be some explanation for the lack of favorable ef-
fect on ENS with the use of adipose SVF. A single application of
adipose SVF may not be sufficient to achieve the desired thera-
peutic effect for this chronically debilitating illness. However,
due to the harvesting-related morbidity, repeated harvesting of
adipose SVF is practically burdensome to both patients and cli-
nicians. This is a serious limitation of our choice of adipose SVF.
Hence, the use of commercially available, easy-to-acquire cul-
tured stem cells may serve as an alternative option, which needs
to be explored in further studies.

In the present study, we could identify several candidate bio-
markers for ENS. The pathophysiologic mechanism of ENS in-
volves a complicated signal pathway and various biologic mole-
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cules. The factors contributing to ENS include: alteration of the
airflow pattern; reduced mucosal area; decreased humidification
and increased warming; reduced nasal airflow resistance; loss of
sensory, tactile, and thermal receptors needed for inhaled air
treatment; and neural damage [2,26]. The levels of biological
markers in nasal secretions can provide valuable information re-
garding nasal pathophysiology. In the present study, we selected
IL-1B, IL-8, TNF-0, MUC5AC, LTF, substance P, and CGRP as
candidate markers. Proinflammatory cytokines, such as TNF-o,
IL-1B, and IL-8, are potent multifunctional cytokines that play
an important role in the pathogenesis of many inflammatory
diseases [27]. MUC5AC and LTF are markers of glandular se-
cretion of the nasal mucosa [28,29]. Neuropeptides, such as
CGRP and substance P, mediate neurogenic inflammation [30].
In the present study, nasal secretion analysis in the ENS group
showed an increased level of cytokines such as IL-1p, IL-8, and
CGRP, in comparison with the normal control group. These find-
ings may suggest that ENS is a chronic inflammatory condition
caused by altered airflow, which offers novel insights on the
pathophysiology of ENS.

Nasal secretion analysis is commonly performed by nasal la-
vage; however, it is difficult to obtain consistently good results
using the conventional nasal lavage technique. Therefore, in the
present study, we used a modified polyurethane sponge for se-
cretion collection and analysis, which is considered to be superi-
or to the conventional nasal lavage technique. A previous study
described the analysis of nasal concentrations using the nasal la-
vage technique, nasal spray-blow technique, filter paper method,
and polyurethane sponge sampler technique; the authors indi-
cated that the nasal lavage technique was approximately 10
times less effective than the modified polyurethane sponge
method [19]. Moreover, due to the unpredictable dilution ob-
tained by the nasal lavage technique, the analyzed concentra-
tions may be below the detection limit of high sensitivity assays.
In the present study, the use of nasal secretion analysis with
modified polyurethane sponge rarely yielded concentrations be-
low the detection limit.

A single injection of SVF did not show successful outcomes in
terms of symptom improvement and patient satisfaction. How-
ever, our findings regarding the expression of inflammatory cy-
tokines in ENS patients suggest that SVF injection reduces the
levels of inflammatory cytokines, including IL-1p and IL-8, in
the nasal mucosa. In the two patients who exhibited symptom
improvement after SVF injection, we could not determine the
reason underlying the beneficial effect of SVF. The improve-
ments could be due to the regeneration of the turbinate tissue,
but may be most likely due to the improvement in inflammation
by the SVE, as demonstrated by changes in the cytokine profile.
The potential anti-inflammatory role of the SVF has been well-
recognized in previous studies, but needs to be further assessed,
particularly in cases of sinonasal inflammation.

The present study had certain limitations of note. First, the

number of patients was limited; in particular, we only enrolled
five volunteers as normal controls for nasal secretion analysis.
Second, the histologic change caused by stem cell injection was
not examined, as we were deeply concerned regarding the po-
tential adverse effects of mucosal biopsy on our patients, whose
problem was caused by the prior surgical procedure on the tur-
binates.

SVF injection appears to reduce the inflammatory cytokine
levels in the nasal mucosa, a single injection of SVF did not
bring out uniformly successful outcome in terms of improve-
ment of symptoms and patient satisfaction. Further studies are
necessary to find out more practical and effective regenerative
treatment modality in patient with ENS.
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