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Nasal airway obstruction (NAO) can negatively impact
patients’ quality of life (QOL) and is a common surgically
treated problem.1,2 One of the anatomic contributors to NAO
is dynamic nasal valve collapse (NVC) caused by insufficient
cartilaginous support of the lateral nasal wall (i.e., lateral wall
insufficiency).3,4 Although NVC may only induce relatively
small decrease in the valve area, it can cause large changes
in airway resistance according to Hagen–Poiseuille’s law and
hence contribute to severe NAO.

There are different surgical strategies to treat NAO. Septo-
plasty5 and inferior turbinate reduction6 are commonly per-

formed to enlarge the nasal airway and subsequently reduce
negative inspiratory pressure. Spreader grafts are another
strategy to enlarge the internal nasal valve angle.7 All these
procedures focus onwidening the nasal valve area and do not
directly address weakness in the lateral wall. Current proce-
dures targeted at lateral wall insufficiency involve cartilagi-
nous grafts such as ala batten grafts,8 butterfly grafts,9 and
lateral crural strut grafts.10 In addition to cartilaginous grafts
harvested frompatients, alloplastic implantssuchasexpanded
polytetrafluoroethylene11 and high-density porous polyethy-
lene12,13 can also provide mechanical support for the lateral
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Abstract The safety and effectiveness of an absorbable implant for lateral cartilage support have
been recently demonstrated in subjects with nasal valve collapse (NVC) at 12 months
postprocedure. This follow-up study aimed to assess whether the safety and effectiveness
of the implant persist in these patients for 24 months after the procedure. Thirty subjects
with Nasal Obstruction Symptom Evaluation (NOSE) score � 55 and isolated NVC were
treated; 14 cases were performed in an operating suite under general anesthesia and 16
cases were performed in a clinic-based setting under local anesthesia. The implant, a
polylactic acid copolymer, was placed with a delivery tool within the nasal wall to provide
lateral cartilage support. Subjects were followed up through 24 months postprocedure.
Fifty-six implants were placed in 30 subjects. The mean preoperative NOSE score was
76.7 � 14.8, with a range of 55 to 100. At 24 months, the mean score was 32.0 � 29.3,
reflecting an average within-patient reduction of �44.0 � 31.1 points. There were no
device-related adverse events in the 12 to 24months period. There were five subjects who
exited the study prior to the 24-month follow-up. Four of the five subjects who exited were
elected for further intervention and one subject was lost to follow-up. This study
demonstrates safety of an absorbable implant for lateral nasal wall support and symptom
improvement in some subjects with NVC at 24 months postprocedure.
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wall. Compared with autologous grafts, these nonabsorbable
materials are associated with increased risk of infections and
extrusions due to foreign body rejection, limiting their wide
adoption.11,12

Recently, the safety and effectivenesswere described for a
novel technique to address NVC by supporting the nasal
lateral wall with an absorbable implant through 12 months
postprocedure.14 As the material is being absorbed over
time, in this study, patients were followed up from 12 to
24 months postprocedure to further examine the long-term
safety and effectiveness of the implant.

Methods

Study Design
This prospective, single cohort, and nonrandomized study
evaluating the safety and effectiveness of an absorbable nasal
implant (Latera; Spirox Inc.) enrolled 30 subjects at three
investigational sites in Germany between April 2014 and
May 2015.

The complete inclusion and exclusion criteria have been
previously published.14 In brief, adults with NVC identified as
the primary contributor to NAO with a Nasal Obstruction
Symptom Evaluation (NOSE) score � 55 were included.
Patients were excluded if they had bleeding disorders, sig-
nificant systemic diseases or those requiring nasal oxygen or
continuous positive airway pressure, septoplasty or turbinate
reduction procedures within 6 months, rhinoplasty proce-
dures within 12months, recurrent nasal infections, intranasal
steroid treatment 2 weeks prior or planned for 2 weeks
postindex procedure, permanent nasal implants or dilators,
a history of (pre)cancerous or cancerous lesions, and/or radia-
tionexposure or chemotherapywithin24months of the study.

Consecutive patients at each site were screened for elig-
ibility. The baseline visit included a medical history review,
an evaluation of symptoms, an assessment of NAO, and photo
documentation of nasal appearance. During the visit, ante-
rior rhinoscopy and nasal endoscopy were performed to
determine the degree to which NVC contributed to the
overall NAO. The degree of NVC was a subjective estimation
applied by observing the narrowing of the nasal valve angle
and/or the weakness of the lateral nasal wall.

Subjects were treated with absorbable implant under
general or local anesthesia without concomitant nasal
procedures. Follow-up visits took place at week 1 and
months 1, 3, 6, 12, 18, and 24 postprocedure. Internal
and external nasal examinations were performed at each
visit, as well as NOSE score collection,15 pain assessments,
presence of a foreign body sensation, and assessment of
cosmetic changes. Physical examinations included an eva-
luation of nasal skin and nasal mucosa appearance, and the
presence of any implant extrusions, fractures, or migration.
Cosmetic changes were assessed utilizing four photo-
graphic views obtained under both static and full inhala-
tion conditions (frontal view, left side, right side, and basal
view). An independent physician assessed cosmetic
changes by comparing baseline images to the follow-up
images and categorizing the comparisons as no change,

significantly better, or significantly worse. For example,
significantly better changes included less alar retraction
and smoother alar contour, whereas significantly worse
changes included alar retraction.

Absorbable Implant and Delivery Procedure
The absorbable nasal implant and delivery procedure were
described in a previous publication.14 In brief, the implant is
a 70:30 copolymer of poly(L-lactide) and poly(D-lactide)
shaped into a ribbed cylindrical structure with an apical
forked end. It is introduced through an endonasal insertion
technique using a delivery tool.14

To identify the target implant location and cannula inser-
tion trajectory, the nasal anatomy, and the area of maximum
lateral wall collapse during inspiration were examined before
the procedure. The area of maximum collapse was evaluated
using the modified Cottle’s maneuver. The target implant
location was established to position the forked tip of the
implant adjacent and across the maxilla bone to provide
cantilever support, and the main cylindrical body of
the implant was positioned along a trajectory to support the
upper and lower lateral cartilages crossing the area of max-
imum collapse as much as possible.

After implant location was identified, the implant was
loaded into the delivery tool cannula and was introduced
through the vestibular skin using an intranasal entry point
close to the alar rim. The cannula was advanced over the
lateral surface of the lower lateral cartilage and the upper
lateral cartilage to the frontal process of the maxilla. The
cannula was then advanced over the maxilla to a point
where the apical portion of the implant would be posi-
tioned over the maxilla, while the main cylindrical portion
is positioned in the lateral wall. The implant was deployed,
and the delivery tool was retracted and removed, leaving
the implant in place to support the upper and lower lateral
cartilages. The implant provides direct support for that area.
By supporting all the structures cephalic to the supra-alar
crease, there will still be support for the tissue caudal to the
crease since the authors hypothesize that the tissue does
not move independently. By stiffening the upper lateral
wall, the reduced movement may be imparted to the nasal
ala region during inspiration. Since the proximal end of the
implant is slightly cephalic to the supra-alar crease, the
implant should not change the shape or position of the
nasal ala in a resting state.

Statistical Analysis
The NOSE scale is a validated disease-specific QOL instru-
ment16 for assessment of NAO. Change in NOSE score after
surgery was assessed with both the mean difference
between baseline and postoperative results and the stan-
dardized mean difference (SMD), which is a measure of
overall effect size (0.2 is a small effect, 0.5 moderate, and
0.8 large).17 A paired t-test was used to determine whether
the mean at follow-up time points was significantly differ-
ent from the preoperative mean while controlling for
within-subject correlation. A sensitivity analyses using a
Mixed Model for Repeated Measures (MMRM) including
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baseline score as a fixed covariate was performed for
comparison.

Statistical analyses were performed by an independent
statistician (Axio Research) using SAS version 9.4 and R
version 3.2.3.

Results

Patient demographics and baseline disease characteristics
were detailed in a prior publication.14 All patients had
confirmed NVC as the primary contributor to NAO. A total
of 56 implants were placed in 30 patients (26 patients had
bilateral single implants and 4 patients had a unilateral
single implant). Implants were successfully delivered during
the initial attempt in 91% of the cases. No device-related
adverse events were reported during the index procedure. In
a previous publication of the 12-month interim results, it
was reported that three implants were retrieved (5.4%) from
three patients within 1 month due to the implantation
technique (n ¼ 2) and possible nasal manipulation by the
patient (n ¼ 1).14 The three patients continued their parti-
cipation in the study through 24-month follow-up as they
had an implant in place in one nasal side wall. During the 12-
to 24-month period, there were no additional implant
retrievals and no evidence of transcutaneous extrusions.
Four patients discontinued the study prematurely prior to

the 18-month visit and an additional patient discontinued
the study prior to the 24-month visit.

Follow-up outcomes including pain assessments, evalua-
tion of foreign body sensation, the independent assessment
of cosmetic change, and adverse events at 18 and 24 months
are summarized in ►Table 1. There were only one report of
“moderate” or “severe” pain at 18 months and none at
24 months. Two subjects reported a “mild” or “moderate”
foreign body sensation at month 18, and one subject
reported a “mild” sensation at month 12. Independent
physician photography review reported five subjects with
significant cosmetic improvement at 18 months postproce-
dure. At 24 months, there was one subject with adverse
cosmetic changes identified and one subject with significant
cosmetic improvements. ►Fig. 1 depicts cosmetic images
pre- and postprocedures of various nose types. Approxi-
mately half of the subjects wore eyeglasses throughout the
follow-up period and the use of eyeglasswas not impacted by
the implant. There were no adverse events related to the
study device or procedure from 12 to 24 months period.

Changes in patients’ NAO symptoms were assessed by
comparing NOSE scores from the same patient at baseline
and through 24 months postprocedure (►Table 2, ►Fig. 2).
The mean preoperative NOSE score was 76.7 � 14.8. At
24months postprocedure, themeanNOSE scorewas reduced
to 32.0 � 29.3. The average reduction in NOSE score at
24 months was 44.0 � 31.1 points, similar to 18 months.
The SMD for NOSE score reduction at both 18 and 24 months
is larger than 0.8, corresponding to a large clinical impact.17

The paired t-test showed significant differences between the
mean baseline and follow-up NOSE score at both follow-up
time points (p < 0.001 formonths 18 and 24).MMRM results
were similar (data not shown). In addition, the subgroup of
subjects who experienced a device retrieval, the mean pre-
operative NOSE score was 86.7, and the postprocedure mean
NOSE score was reduced through 24-month follow-up (post-
procedure mean NOSE score: 1 month ¼ 15.0, 3 months
¼ 10.0, 6 months ¼ 28.3, 12 months ¼ 26.7, 18 months
¼ 23.3, and 24 months ¼ 31.7). The percentage of patients
in each NOSE severity class before and 24 months after the
procedure (►Fig. 3) were compared. In preprocedure, all
patients were classified as extreme or severe. At 24 months,
68% of the subjects were classified as mild or moderate and
the number of subjects classified as extreme and severe was
reduced to 8 and 24%, respectively.

Discussion

This study details the 24-month follow-up of the patients
who had a novel absorbable implant to support the upper
and lower lateral cartilages to treat their NAO symptoms.
Together with a previous report,14 this study demonstrated
the safety and effectiveness of the absorbable implant
throughout 24 months postimplantation. The implant
resulted in statistically significant improvement in all
aspects of NAO symptoms evaluated in the NOSE question-
naire, and the improvement persisted throughout the study
period of 24months. Therewerefive subjects who exited the

Table 1 Device tolerability, cosmetic changes, and adverse
events at 18 and 24 months

Attribute 18 mo
postprocedure

24 mo
postprocedure

(N ¼ 26) (N ¼ 25)

Pain assessment

None/mild 25 (84.6%) 25 (100.0%)

Moderate/severe 1 (11.5%) 0 (0.0%)

Not assessed 0 (0.0%) 0 (0.0%)

Foreign body sensation

None 24 (92.4%) 24 (96.0%)

Mild 1 (3.8%) 1 (4.0%)

Moderate 1 (3.8%) 0 (0.0%)

Photography review
(cosmetic change
from baseline)

(N ¼ 23) (N ¼ 19)

None 18 (78.3%) 17 (89.5%)

Yes—insignificant 0 (0.0%) 0 (0.0%)

Yes—significant—worsea 0 (0.0%) 1 (5.3%)

Yes—significant—betterb 5 (21.7%) 1 (5.3%)

Adverse events

Device related 0 (0.0%) 0 (0.0%)

Otherc 2 –

aSignificantly worse changes include alar retraction.
bSignificantly better changes include less alar retraction and smoother
alar contour.

cOther nondevice/procedure-related adverse events include epistaxis
and bronchitis.
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study prior to the 24-month follow-up. Four of the five
subjects who exited were elected for further intervention.
One subject with a baseline NOSE score of 100 and an exit
NOSE score of 75 at 12 months underwent a concha bullosa
resection, septoplasty, columelloplasty, and batten graft
procedures. Another subject with a baseline score of 100
and an exit score of 45 at 18 months underwent repair of

septal perforation and batten grafts were placed. The third
subject had a baseline score of 55 and an exit score of 20 at
12 months. This subject underwent turbinate reduction and
septoplasty procedures. The fourth subject had a baseline
NOSE score of 70 and continued to be symptomatic at
18 months NOSE score of 80. This subject underwent a
septoplasty, turbinate reduction, and batten grafts.

For context, recently, a meta-analysis was conducted by
Floyd et al of 16 studies covering functional rhinoplasty for
treatment of NAO with or without a cosmetic component.17

The analysis showed that functional rhinoplasty resulted in an
average improvement frombaseline of 43 to 50points inNOSE
score (follow-up period ranges from 3 to >12 months).
Although Floyd et al reported that the absolute NOSE score
reduction was comparable for different follow-up periods,
they also found that the clinical effect measured by SMD
dropped from strong at 3 to 12 months (SMD above 1) to
moderate at 12þ months (SMD ¼ 0.46). In this study, the
absorbable implant led to amean improvement in NOSE score
of 41 to 44 points at 18 to 24 months, which were within the
range of the meta-analysis by Floyd et al. In addition, SMD
remained constantly above 1 during the entire study period,
representing a large clinical change throughout 24 months.
Therefore, these results demonstrated a procedure using an
absorbable implant could result in similar degree of clinical

Fig. 1 Cosmetic Images representing preprocedure and postprocedure images at 18 months. The images represent varying nose demographics
(normal skin, previous rhinoplasty, thick skin, and thin skin). All the subjects had a decrease in NOSE score and reported no adverse cosmetic
impact. NOSE, Nasal Obstruction Symptom Evaluation.

Table 2 Pre- and postprocedure NOSE scores and change from
baseline value

Statistics Baseline 18 mo
postprocedure

24 mo
postprocedure

NOSE
score

NOSE
score

Change
from
baseline

NOSE
score

Change
from
baseline

N 30 26 26 25 25

Mean 76.7 35.8 �41.2a 32.0 �44.0a

SD 14.8 30.3 32.8 29.3 31.1

SMD 1.2 1.4

Abbreviations: NOSE, Nasal Obstruction Symptom Evaluation;
SD, standard deviation; SMD, standardized mean difference.
ap < 0.001. p-Values are from paired t-tests comparing the mean
preoperative NOSE score to the mean score at each follow-up time point.
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impact compared with functional rhinoplasty, and its clinical
impact remained tobe large forat least2 years, consistentwith
follow-up from similar assessments.

The NVC clinical consensus statement published in 2010
stated that NVC is a distinct etiology for NAO,19 and surgery
to strengthen the lateral wall has been shown to significantly
improve the QOL for subjects suffering from NAO.12 This
study used absorbable implants to address NVC and revealed
similar findings that supporting the weakened nasal lateral

wall cartilage significantly improved the QOL for NVC
patients. Each of the five aspects measured in the NOSE
questionnaire (nasal congestion and stuffiness, nasal block-
age or obstruction, trouble breathing through nose, trouble
sleeping, and unable to get air through nose during exercise)
was improved by at least 1 degree (e.g., fairly bad to mod-
erate,moderate toverymild) at 24months postimplantation.
Unfortunately, NVC frequently remains untreated as a prior
study shows that patients who suffered from persistent NAO
after their primary septoplasty frequently required NVC
correction during the revision surgery.20 Together with
previous literature, this study suggests that directly addres-
sing weakened lateral wall may further improve the surgery
outcome for patients with NVC contributing to their NAO.

In this study, characterization of the patients’ response to
the absorbable implant is reported. From an animal study,
the implant material had structural degradation and active
absorption at 18 months postimplantation.21 Once com-
pleted absorbed around 24 months, the implant was
replaced bymature collagenized fibrous tissue.21 From these
results, the authors hypothesize that the fibrocollagenous
scar tissue may provide support to the lateral wall over time,
resulting in a prolonged improvement that outlasts the
mechanical integrity of the absorbable implant.

There were five device-related adverse events observed at
the 1-month follow-up, threeofwhichwere related to implant

Fig. 2 Boxplot illustration of the pre- and postprocedure NOSE score across the 24-month follow-up. The N, mean, and SD are presented for pre-
and postprocedure through 24 months. The postprocedure variation in NOSE scores is higher as there are patients who experience benefit from
the implant. Overall, the mean NOSE score decreases postprocedure. There were five subjects who exited the study prior to the 24-month follow-
up. Four of the five subjects who exited were elected for further intervention. Of those who were elected for further intervention, three improved
in NOSE category shift, and one subject did not improve based on NOSE category shift. NOSE, Nasal Obstruction Symptom Evaluation.

Fig. 3 NOSE severity class18 at baseline and 24 months postprocedure.
Three subjects who were classified as severe and two subjects who were
classifiedas extremeat baseline did not complete the 24-monthNOSE score
assessment. NOSE, Nasal Obstruction Symptom Evaluation.

Facial Plastic Surgery Vol. 34 No. 5/2018

A 2-Year Follow-up Study of an Absorbable Implant to Treat NVC San Nicoló et al. 549



retrievals. There were three implant retrievals in three
patients. These patients continued their participation in the
study through 24-month follow-ups as they had implants in
place in one nasal side wall. One patient started with a NOSE
score of 100 and at the 24-month follow-up, had reduced to a
NOSEscoreof10.ThesecondpatienthadabaselineNOSEscore
of 90 and a 24-month NOSE score of 30. The third patient had
both a baseline and 24-month NOSE score of 70. The patients
did not exit the study early and did not request additional
intervention. There were no device-related adverse events
reported from the 12- to 24-month follow-up period. Over
the entire study duration, there was no evidence of adverse
physiologic tissue rejection, infection and/or significant
implant migrations, in contrast with the extrusion events
reported in the literature for more invasive procedures invol-
ving permanent, nonabsorbable allografts.11,12 This demon-
strated the biocompatibility of the absorbable implant when
used to support the nasal lateral wall.

In summary, the 24-month follow-up experience with a
technique for supporting the lateral nasal wall using awidely
used absorbable material with well-known safety profile is
reported. As a disease-specific instrument for treatment of
NAO due to NVC, the absorbable implant presents a targeted
therapy to patients and physicians. The absorbable implant
should be considered for patients with dynamic NVC who
desire no orminimal cosmetic impact, quick recovery, and/or
the option to avoid general anesthesia. This study describes a
first in human experience with treatment including only the
lateral wall. Further studies with a larger sample size and
additional concomitant procedures would be valuable. In
addition, a trial beyond 24 months would be useful in
understanding the longer term benefits of the implant.
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