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Abstract
Background: Pectus excavatum (PE) is sometimes associated with psychological and physiological difficulties influencing a patient’s quality of life. 
Treatment with a hyaluronic acid (HA)-based gel may benefit patients and be an alternative to other more invasive treatments.
Objectives: The authors sought to evaluate the effectiveness in terms of satisfaction, duration, and safety of HA gel treatment for PE including impact 
on quality of life.
Methods: Males ≥18 years having PE without functional problems received HA gel injections (50 – 150 mL)  at the site of deformity and in some cases 
at the medial pectoralis muscle borders to optimize the aesthetic result. Follow-up visits were performed after 1, 3, 6, 12, and 24 months with optional 
retreatment at the 24-month visit including a 1-month follow-up. Evaluations included Pectus Excavatum Evaluation Questionnaire, patient satisfaction, 
magnetic resonance imaging, and safety assessments.
Results: The treatment significantly improved patients’ self-esteem (P < 0.001) and psychosocial function (P ≤ 0.038) throughout the study, as 
assessed by Pectus Excavatum Evaluation Questionnaire. Patients were satisfied with the aesthetic outcome and considered the treatment mild in terms 
of level of pain during injection. Treatment effects were maintained up to 24 months and 58% of the HA gel remained at this visit, shown by Magnetic 
Resonance Imaging measurements. The treatment was well tolerated.
Conclusions: Treatment of PE with HA gel improved patient quality of life related to self-esteem and psychosocial functioning including aesthetically 
pleasing results. The treatment may also offer benefits in terms of safety and tolerability compared with other treatments.

Level of Evidence: 4 

Editorial Decision date: October 24, 2018; online publish-ahead-of-print November 2, 2018.

Pectus excavatum (PE) is a congenital chest-wall deformity 
affecting about 1 in 800 individuals.1 The deformity results in a 
caved-in appearance of the chest and is commonly associated 
with psychological problems including social withdrawal and 
feelings of anxiety or depression.2 The psychological effects 
are not necessarily dependent on the PE severity,3,4 but severe 
deformities may impair cardiac and respiratory function and 
cause pain.5 Although these functional problems are import-
ant indications for surgery, many patients seek treatment pri-
marily for cosmetic or psychological reasons.6-8

Surgical treatments for PE include the invasive Ravitch 
procedure9 and the minimally invasive Nuss procedure 
(minimally invasive repair of pectus excavatum).10 The 
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Nuss procedure has been associated with complications 
such as bar displacement and pneumothorax,11 and the 
hospitalization time after bar insertion is between 3 and 
12  days.10,12,13 In addition, solid silicone implants have 
been utilized for many years with the benefit of offering 
shorter postprocedural downtime compared with the Nuss 
procedure. Aesthetic outcomes and patient satisfaction are 
positive in most cases; however, complications are com-
mon and visibility of implant, especially in patients with 
little subcutaneous fat, has been described.14-16

Nonsurgical treatment options for mild PE include the use 
of a vacuum bell that is applied to the chest daily, elevating 
the chest wall over several months to years. The procedure is 
most likely to benefit younger patients or patients with mild 
PE and is not associated with serious complications.17,18 The 
use of the permanent dermal filler Bio-Alcamid (polymeric 
polyalkylimide) has been reported in a few publications, 
although the nonreversibility and difficulties in handling 
adverse events (AEs) have limited its use.19,20

Macrolane VRF 20 (hereafter referred to as hyaluronic 
acid [HA] gel [Galderma, Uppsala, Sweden]) is a biode-
gradable HA-based filler produced with non-animal stabi-
lized HA technology. The HA gel has a well-documented 
safety profile and has been investigated for volume and 
contour enhancement of the breasts21,22 and buttocks,23,24 
making it an interesting alternative in terms of PE resto-
ration. Indeed, Sinna and colleagues have reported encour-
aging results of a PE treatment case employing HA gel 
where the patient quickly returned to normal life without 
major complications.25 Note that the HA gel product was, 
as of November 2016, discontinued.

Because PE is associated with psychological problems 
and surgical treatments have long recovery times or lack 
documentation, a treatment alternative using the highly 
biocompatible HA gel was thought to be valuable for PE 
patients without functional impairments. Thus, the purpose 
of the study was to evaluate treatment with HA gel for PE in 
terms of effectiveness, duration, safety, and quality of life.

METHODS

Study Design

This was an open, noncomparative, 24-month study 
performed at one center in Sweden and one in France. 
Males (≥18 years) having PE without functional problems, 
defined as score 4 (“never”) on Pectus Excavatum 
Evaluation Questionnaire (PEEQ) questions 10 through 
12 (Table  1), and with normal cardiac and pulmonary 
function were eligible. Exclusion criteria included previous 
PE treatments; presence of any bleeding or immune system 
disorder, including severe allergies; or hypersensitivity to 
anesthetics or HA. The protocol was approved by local 
ethics committees (Regional Ethical Review Board in 

Stockholm, Sweden and North-West II Ethics Committee 
in Amiens, France) and aligned with good clinical practice 
guidelines and the Declaration of Helsinki. All patients 
provided informed consent.

Patients received treatment at baseline, and an optional 
touch-up was performed after 6 to 7 weeks to obtain opti-
mal results. Patients were followed for 24  months. An 
optional re-treatment was offered at the 24-month visit. 
Patients at the Swedish site receiving re-treatment were to 
return for an additional visit 1 month after re-treatment. 
The first patient entered the study December 2012 and the 
last patient completed the study September 2016.

Treatment

All patients received local anesthetics and antibiotics before 
treatment. The volume of HA gel injected was assessed on 
an individual basis considering the goal to obtain an optimal 
correction of the PE deformity for the individual patient. 
A  volume of 50 to 150  mL HA gel was recommended to 
provide adequate correction of the deformity. There were no 
described variations in injection technique based on location 
of the deformity other than that the injection site was 
selected to facilitate the placement of the injected material. 
Briefly, incisions of between 1 and 2  mm (using a no 11 
scalpel blade) were made close to the deformity site with the 
patient in supine position. The product was injected in small 
quantities in the deep subcutaneous plane close to the bone 
while applying light pressure and gently withdrawing the 
12-G or 16-G cannula. Touch-up after 6 to 7 weeks was given 
if needed for optimal correction utilizing a recommended 
volume of ≤20 mL HA gel. The re-treatment volume, if given 
at 24 months, could not exceed the volume administered at 
baseline.

Physical Examinations

General physical examinations were performed at 
screening and at the 24-month visit. Any functional 
defects due to the PE were evaluated by electrocardiogram, 
echocardiogram, and pulmonary function assessments. 
Complementary chest X-ray and Magnetic Resonance 
Imaging (MRI) examinations were performed at screening 
on all patients. Screening MRI examinations were done 
to obtain baseline Haller index scores26 for PE deformity 
severity assessments.27

Assessments

Pectus Excavatum Evaluation Questionnaire
Patients’ quality of life regarding general self-esteem, 
psychosocial function, and physical function were assessed 
at screening and at each follow-up on the PEEQ. The PEEQ 
employed was adapted with parts from both the original 
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PEEQ by Lawson and colleagues28 and from a modified 
PEEQ by Krasopoulos and colleagues (Table 1).12

Patient Satisfaction
Patient satisfaction questionnaires were collected at each visit 
except screening and touch-up. Questions on patients’ opinion 
and pain regarding the treatment procedure were asked after 
baseline and re-treatment, and questions about satisfaction 
were asked at all follow-up visits. See Table 2 for details.

Magnetic Resonance Imaging
Patients were examined by MRI at 1 and 12 months after 
baseline to assess placement and volume of remaining 
product compared with baseline. Additional MRI was 
carried out on Swedish patients 24 months after baseline 
and at the re-treatment follow-up visit, with comparisons 
to the 24-month visit.

Health-Related Quality of Life
Patients’ Health Related Quality of Life (HRQoL) was an 
exploratory endpoint, assessing patients’ emotional and 
physical state and its impact on daily life and activities using 
the 12-item, short-form health survey version 2 (SF-12v2, 
referred to as SF-12)29 and the EuroQol 5-dimension 
3-level (EQ-5D-3L) questionnaire.30 The EQ-5D-3L also 
included a current health status test ranging from 0 to 100 
(worst to best imaginable health state). Answers to both 
questionnaires were collected at baseline and after 6, 12, 
and 24 months.

Productivity and Social Life
Productivity and social life were an exploratory endpoint 
and assessed patients’ ability and productivity regarding 
work and normal activities. Difficulties in social life, social 
engagement, and relationships in relation to the look of the 
chest were also assessed. Questionnaires were collected at 
baseline and after 1, 3, 6, 12, and 24 months.

Safety

Post-treatment expected events were collected via patient 
diaries between day(s) 0 through 13. Symptoms included 
bruising, itching, pain, redness, soreness, and swelling. 
Symptom presence and intensity (mild, moderate, or severe) 
was recorded; any event present at day 14 was to be reported 
as an AE. In addition, patients’ downtime (time away from 
work or school) and any time spent in hospital were collected. 
Investigators performed regular deformity examinations to 
assess presence of any abnormalities, capsular contractions, 
implant dislocation, asymmetries, or nodules.

Table 1. Pectus Excavatum Evaluation Questionnaire

Component Question

1.  General 
self-esteem

How do you feel 
about:

1.  The way you look in general?

2.  The way you look without your shirt or 
top on?

3.    Having to spend the rest of your life as 
your chest looks now?

How often: 4.  Do other people make fun of you 
because of your chest?

5.  Do you avoid doing things like spending 
the night at friend’s house, going 
exercising or swimming, because of the 
way your chest looks?

6.  Do you try to hide your chest to keep 
people from looking at it?

7.  Are you bothered because of the way 
your chest looks?

8.  Does your chest make you feel shy or 
self-conscious?

9.  Do you feel bad about yourself because 
of the way your chest looks?

2.  Physical 
function

How often has 
your chest 
caused you:

10.  Problems with chest pain while 
exercising?

11.  Shortness of breath?

12.  To feel tired?

3.  Psychosocial 
function

How often has 
your chest 
caused you 
to feel:

13.  Irritable?

14.  Frustrated?

15.  Sad or depressed?

16.  Restless?

Questionnaire adapted from: Lawson et al28 and Krasopolous et al.12 Scoring questions 1-3: 
very dissatisfied = 1, mostly dissatisfied = 2, mostly satisfied = 3, very satisfied = 4; questions 
4-16: very often = 1, often = 2, sometimes = 3, never = 4.

Table 2. Patient Satisfaction Questionnaire

Question Scoring

Patient assessment of treatmenta 0. Very unpleasant
1. Unpleasant
2. Acceptable1.  Which of the following alternatives corresponds best with 

your opinion of the treatment procedure?

Pain during treatmenta 0. Unbearable pain
1. Severe pain
2. Moderate pain
3. Mild pain
4. No pain

2.  Please assess the level of pain you experienced during the 
injectable treatment.

Satisfactionb 0. A lot worse
1. Little worse
2. Same as before
3. A little better
4. Much better

3. How would you describe that the treatment has changed 
how your chest looks?

4. How has the treatment changed how your chest looks?

5. How has the treatment changed your opinion of your looks 
in general?

6. How satisfied are you that you performed the treatment?

aBaseline and 24-month visits only. bAll follow-up visits.
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Statistics

The safety and intention-to-treat populations were equivalent 
and defined as all HA gel-treated patients; analyses 
were performed using the intention-to-treat population. 
Re-treatment results are from the Swedish site patients. 
Changes in mean PEEQ component scores, that is, general 
self-esteem, questions 1 to 9; physical function, questions 10 
to 12; and psychosocial function, questions 13 to 16, were 
assessed by means of Wilcoxon signed-rank tests. Other 
endpoints were summarized and presented descriptively.

RESULTS

Demographics and Baseline 
Characteristics

A total of 32 male patients were screened and 23 of those 
were included. Mean age was 41 years (range, 20-64 years) 
and average weight was 79 kg (range, 64-99 kg) and height 
was 183  cm (range, 163-203  cm). All had normal body 
mass index, blood pressure, and a PE defect without 
functional impairment according to PEEQ items 10 through 
12 and screening examinations. Eleven (48%) patients had 
asymmetric PE deformities, and the left rib-cage side was 
the highest side in all patients. Mean Haller index scores 
inhaling and exhaling were 3.6 (range, 2.4-6.5) and 4.5 
(range, 2.7-9.5), respectively. One patient was lost to 
follow-up after the 6-month visit and one was lost prior to 
the re-treatment follow-up.

Treatment

The mean volume of HA gel injected at baseline was 
149 mL (range, 80-245 mL). Eight (35%) patients received 
touch-up, where an additional 22.5 mL (range, 20-40 mL) 
HA gel was administered on average. Total mean volume 
injected at baseline and touch-up was 157  mL (range, 
80-245 mL). Mean injection time at baseline and touch-up 
was 21 minutes (range, 5-45 minutes) and 10 minutes 
(range, 8-10 minutes), respectively. Investigators performed 
actions to maintain a natural sternum depression (eg, 
placing a roll of gauze) in about half of the baseline 
treatments and in 13% of the touch-up treatments. Six 
(26%) patients (5 from the Swedish site presented here) 
where offered and received re-treatment, receiving 124 mL 
(range, 60-180  mL) HA gel on average, yielding a total 
study volume of 294 mL (range, 140-425 mL) in re-treated 
subjects. Reasons for not consenting to re-treatment 
included personal reasons (n = 4); no need for re-treatment 
(n = 2); central accumulation (n = 1); treatment effect 
too short (n = 1); and treatment too complicated (n = 1). 
Efficacy evaluations performed after re-treatment are not 

presented due to the low number of patients (n = 4) at 
the follow-up visit.

Effectiveness

Pectus Excavatum Evaluation Questionnaire
Patients’ mean PEEQ scores regarding general self-esteem 
and psychosocial function, but not physical function, 
were significantly increased at each visit compared with 
baseline (Figure  1). Thirty-nine (39%) patients reported 
being satisfied (very or mostly) at baseline with how they 
looked without a shirt and 44% with spending the rest 
of their life as their chest looked now. These proportions 
increased to 91% for both parameters after treatment 
and remained increased throughout the 24-month visit 
where 82% and 77% of patients, respectively, reported 
being satisfied. In addition, around 80% of patients 
reported hiding their chest, being bothered or feeling 
shy or self-conscious because how their chest looked 
before treatment. After treatment, these proportions had 
decreased to approximately 50%. On questions pertaining 
to psychosocial function, up to 35% of patients reported 
feeling irritable, frustrated, sad or depressed, and restless 
in the month preceding treatment. At month(s) 1 and 24, 
at most 13% and 5%, respectively, reported any of these 

Figure 1. Patients’ general self-esteem and psychosocial 
function improved after treatment indicated by the 
significant increase in respective component mean value 
(general self-esteem, questions 1-9; psychosocial function, 
questions 13-16). Improvements were maintained up 
to month 24. Comparisons were not performed at the 
re-treatment follow-up due to the low number of patients 
(n = 3). Numbers are means ± SD, Wilcoxon rank-sum test 
vs screening, ***P ≤ 0.001; **P < 0.01; *P < 0.05.
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feelings in the preceding month. Details are presented in 
Figure 2 and Supplemental Table 1. See Figures 3 and 4 for 
photographs of a representative patient.

Patient Satisfaction
The questionnaires were marked with a unique patient 
number that could be traced to the patient only through 

A B

C D

Figure 2. Pectus excavatum evaluation questionnaire improvements in general self-esteem and psychosocial function as 
reflected in individual questions (A-C, self-esteem; D, psychosocial function). Improvements were evident in all individual 
questions at month 1 and most were further improved when assessed at month 24.

http://academic.oup.com/asj/article-lookup/doi/10.1093/asj/sjy303#supplementary-data
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a patient identification log kept at the study site. All 
patients agreed that both the baseline injection treatment 
and the re-treatment was acceptable. In line with this, 
87% of patients experienced no or only mild pain at the 
baseline treatment; no patient reported any pain at the 
re-treatment.

All patients agreed that the chest looked better (much or 
a little) up to 6 months after treatment and 76% of patients 
still thought the chest looked better at the 24-month visit. 
All re-treated patients agreed that their chest looked better 
at the re-treatment follow-up. When patients were asked 
about whether their feelings of how their chest looked 
had changed after treatment, ≥85% answered much or 

a little better at all follow-up visits. Moreover, ≥90% of 
patients agreed that their looks in general were improved 
up to the 12-month visit. At 24 months after treatment, 
72% considered their looks in general as improved and at 
the re-treatment follow-up, 75% answered improved. See 
Supplemental Table 2 for details.

Magnetic Resonance Imaging
Product-placement assessments by MRI showed that the 
product was located as intended. Volume assessment 
showed that 67% (range, 35%-99%) of product remained 
after 12  months and 58% (range, 23%-85%) after 
24  months. See Figure  5 for representative MRI patient 

A B

C D

Figure 3. Long-term treatment effect as shown by this representative 48-year-old male patient with pectus excavatum without 
functional problems. The patient was administered 154 mL hyaluronic acid gel to obliterate the pectus but also to strengthen 
the medial pectoral muscle border. (A) Before treatment, (B) 3 months post-treatment, (C) 1 year post-treatment, and (D) 
2 years post-treatment.

http://academic.oup.com/asj/article-lookup/doi/10.1093/asj/sjy303#supplementary-data
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images. The patients that had re-treatment at 24 months 
including an MRI 1 month after re-treatment (n = 4) had 
85% of study product remaining from the 260 mL injected 
at baseline, touch-up, and re-treatment.

Health-Related Quality of Life
The HRQoL assessments in terms of SF-12 and EQ-5D-3L 
showed only minor changes after treatment. The vast 
majority of patients reported very good or excellent health 
without pain/discomfort or anxiety/depression; mean 
EQ-5D-3L current health-status score was 88 at base-
line and 89 after 24 months. No limitations in activities 
or accomplishments due to patients’ physical or mental 
status were reported (data not shown).

Productivity and Social Life Questionnaire
Assessments showed that the way patients’ chest looked 
had no to very little effect on their work productivity 
or ability to do normal activities at baseline and after 
treatment. Most patients reported no difficulties regarding 
social life, social engagement, or relationships due to the 
way the chest looked before treatment.

Safety

All patients experienced at least one expected post-treatment 
event, reported through a patient diary during day(s) 0 
through 13, and the maximum incidence of events was 
observed between day(s) 1 through 3.  The most common 

A B

C D

Figure 4. Treatment effect as shown by this representative 25-year-old male patient with pectus excavatum without functional 
problems. The patient was administered 80 mL hyaluronic acid gel. (A, E) Before treatment, (B, F) 1 month post-treatment,  
(C, G) 3 months post-treatment, and (D, H) 6 months post-treatment.
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G H

E F

Figure 4. Treatment effect as shown by this representative 25-year-old male patient with pectus excavatum without functional 
problems. The patient was administered 80 mL hyaluronic acid gel. (A, E) Before treatment, (B, F) 1 month post-treatment,  
(C, G) 3 months post-treatment, and (D, H) 6 months post-treatment.
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event was soreness, reported by all patients. Three events were 
ongoing at day 14 and were reported as AEs. Mean downtime 
was 1.4 days (range, 1-3 days); an average 11 days (range, 
1-21 days) was required to resume normal activities. A small 
number of abnormalities, capsular contractions, implant 
dislocation, asymmetries, and nodules were identified by 
palpation at the follow-up visits and were reported as AEs.

There were 72 AEs reported by 22 (96%) patients. Of 
these, 39 events by 19 (83%) patients were assessed as 
related to the product or injection procedure. Most related 
AEs (87%) were mild in intensity. The median duration 
of the related AEs was 64  days and 5 events (implant 
site reaction) in 3 patients were ongoing at study end, all 
mild in intensity. The most commonly reported AE was 

A B

C

Figure 5. Magnetic resonance imaging pictures showing remaining product after 1, 12, and 24 months from the same 
representative patient as in Figure 4 (a 25-year-old man). Volume estimates for this patient were 48 mL at month 1, 38 mL at 
month 12, and 31 mL at month 24. Investigators assessed that the product was located as intended at all visits. (A) One month 
after treatment, (B) 1 year after treatment, and (C) 2 years after treatment.
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implant-site nodules; 8 patients (35%) reported 8 events; 
all were mild in intensity and recovered after a median 
duration of 183 days. Capsular contraction occurred as 8 
events in 7 (30%) patients; all were mild in intensity and 
had a median duration of 169  days. AE details are pre-
sented in Table 3.

DISCUSSION

This was an open, 24-month study evaluating the use of 
HA gel for treatment of PE in patients without functional 
problems. Treatment efficacy assessments were chosen 
to focus on improvement in self-esteem and emotion 
because this is the most common reason for PE patients to 
seek help with their condition. Effectiveness evaluations 
included assessments of patient satisfaction, quality 
of life, and study product placement and duration. The 
safety aspects of the treatment were evaluated in terms 

of physical examinations, expected post-treatment events, 
and AEs, as well as recovery time including factors such as 
sick leave and hospitalization.

An average volume of 157 mL (range, 80-245 mL) of 
HA gel was injected in total at baseline and touch-up; 
this injection volume is somewhat larger than what has 
been reported for similar procedures.25,31 A  volume of 
50 to 150  mL HA gel was estimated as sufficient and 
recommended to provide correction of the deformity. 
Estimating the filler volume required is, however, diffi-
cult due to the irregularity of the defect, and therefore a 
step-wise approach of filler administration over different 
appointments is common. In the current study, injection 
was performed at one occasion with optional touch-up 
after 2 weeks, which alongside differences in PE severity 
or investigator-assessed volume requirement can explain 
the rather high injection volume. Because the aim was to 
achieve aesthetically agreeable correction of the deformity 
for each patient, and because the size and shape of the 

Table 3. Related Adverse Events

Primary system organ class No. of patients No. of events Time to onsetb,c Durationb,d Grade of intensity

Preferred term n % n Mild Moderate Severe

Congenital, familial, and genetic disorders

 Skin malformationa 1 4.3 1 34.0 — 1 0 0

General disorders and administration site conditions

 Administration site reaction 1 4.3 1 — — 1 0 0

 Device dislocation 4 17.4 5 90.0 246.0 5 0 0

 Fatigue 1 4.3 1 — — 1 0 0

 Implant site mass 1 4.3 1 34.0 64.0 1 0 0

 Implant site nodule 8 34.8 8 160.5 183.0 8 0 0

 Implant site pruritus 1 4.3 1 13.0 9.0 1 0 0

 Implant site reaction 7 30.4 8 734.0 169.0 8 0 0

 Injection site nodule 1 4.3 1 13.0 715.0 1 0 0

 Injection site pain 5 21.7 7 7.5 5.0 4 2 1

 Pyrexia 2 8.7 2 3.5 2.5 2 0 0

Infections and infestations

 Injection site infection 1 4.3 1 19.0 12.0 0 1 0

Musculoskeletal and connective tissue disorders

 Muscle spasms 1 4.3 1 1.0 2.0 0 0 1

Respiratory, thoracic, and mediastinal disorders

 Dyspnea 1 4.3 1 — — 1 0 0

All 19 82.6 39 34.0 64.0 34 3 2

aSkin excess/irregularity due to the depth of the pectus excavatum. bMedian number of days. cNot including 4 unassessable events. dNot including 13 unassessable events. N = 23.  % = (n/N) × 100.
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deformity will vary in each patient, a different volume 
of filler was likely to be required for each patient. It was 
therefore decided not to limit the amount of injected mate-
rial but to provide recommendations. The amount of unre-
acted cross-linker, 1,4 butanediol-diglycidyl-ether, which 
has mutagenic potential, is held at trace amount in dermal 
fillers. According to the Macrolane Instructions for Use, no 
more than 600 mL gel should be injected at one time, that 
is, many times higher the amounts injected in this study. 
Nevertheless, the amounts within the study are larger than 
those reported from similar procedures that were the basis 
for the recommended dose in this study.21-24 The compa-
rably high dose needed to reach optimal reconstruction is 
explained by the PE severity.

Results showed that patients’ quality of life was 
improved, as evident by the significantly increased 
mean value in PEEQ general self-esteem and psycho-
social function. When asked at baseline, patients were 
particularly concerned about the look of their chest; 
around 80% of patients reported being bothered or feel-
ing shy because of the look of the chest, while over 
90% reported satisfaction with their looks in general. 
Notably, despite the fact that PEEQ satisfaction with 
looks in general was very high both before and after 
treatment, almost all patients reported in the patient 
satisfaction questionnaires that the treatment had 
improved their opinion on their looks in general. The 
improvements in PEEQ items relating to the look of the 
chest are encouraging because many PE patients have 
negative evaluations of their body, leading to lowered 
quality of life.32 These data on PEEQ improvements are 
in line with previous studies using more invasive proce-
dures,3,28 indicating that less-invasive interventions may 
be sufficient for certain PE patients.

Patient satisfaction assessments corroborated the 
improvement in the PEEQ as patients generally regarded 
their looks in general, look of chest, and feelings about 
look of chest as better compared with pretreatment. The 
proportion of satisfied patients decreased over time; how-
ever, still at the 24-month visit, at least 71% of patients 
regarded these items as improved.

MRI showed that 67% of the HA gel remained 12 months 
after treatment and 58% after 24 months. Assuming that 
patient satisfaction on looks in general, look of chest, and 
feelings about look of chest depend on the PE-deformity 
correction, the decline in satisfaction up to the 24-month 
visit can at least partly be explained by product degrada-
tion. Other studies including data on HA-gel degradation 
have shown slightly faster degradation; in one study eval-
uating the HA gel for breast enhancement, 34% of prod-
uct remained after 12 months and 19% after 24 months 
(data on file). The follow-up to that study showed simi-
lar results.22 When the HA gel was used for buttock aug-
mentation, 36% remained after 12 months and 24% after 

24 months.23 The discrepancy between the rate of product 
degradation between those studies and present results may 
be due to body compartment differences in local blood 
flow and amount of hyaluronidases present. Another pos-
sible explanation could be the minimal movements in the 
treatment area.

The HRQoL assessments and the productivity and 
social life questionnaire were exploratory study endpoints, 
and the treatment had little effect on these endpoints. This 
is most likely because this was a relatively healthy sample 
of patients with no baseline functional impairments.

The treatment was well tolerated; the overall incidence 
of AEs was comparable to a previous study utilizing the 
HA gel for breast augmentation,22 but higher compared 
with a study utilizing HA for buttock augmentation.24 
Reported expected post-treatment events were mostly 
mild with maximum incidence between day(s) 1 to 3 and 
soreness as the most common event. The incidence of 
expected post-treatment events were, in similarity with 
the AEs, higher compared with when the HA gel was used 
for buttock augmentation.24 The reasons for the discrep-
ancy in AE and expected post-treatment event incidences 
between those studies and present work are not known 
but may reflect differences in target tissues cover. In the 
sternal area, the cover is very thin compared with the but-
tocks, and smaller irregularities due to capsular contrac-
ture are likely to be more palpable. In a previous study 
using the product in the female breast,21 capsular forma-
tion with firmness was noted in 25% of patients. In the 
current study, 30% had firmness of the products. From 
the 9 patients from the Swedish site that did not consent 
to re-treatment, only one made this decision due to an AE 
(central accumulation).

Possible study limitations included the use of a sub-
population of PE patients, somewhat restricting general-
izability of results, and that objective evaluations on the 
aesthetic outcome of patients’ chest were not carried out.

CONCLUSIONS

The HA gel treatment for PE improved patients’ quality 
of life and the perceived look of their chest and may 
thus constitute a treatment option for mild PE cases 
owing to the well-tolerated intervention. As with many 
other nonsurgical procedures, it may also have much 
greater patient acceptance than a surgical intervention 
and act as a door opener to later surgical procedures, 
as experience noted after HA injections to enhance the 
female breast.21
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