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Pectus excavatum is less common in females than in males, and it often aggra-
vates a coexistent breast asymmetry. We conducted a study comparing female patients' ver-
sus medical professionals' evaluation of pectus excavatum repair to assess differences in aes-
thetic outcome ratings. Moreover, we evaluated the influence of surgical correction on pa-
tients' self-perception.

0Of 30 female patients who were initially screened, 18 patients (mean age, 20 years)
who underwent bar removal after surgical correction of pectus excavatum deformity partici-
pated in the survey (60%). They completed a questionnaire rating their appearance before
and after surgery and responded to a psychological questionnaire about the changes that
they had experienced. The mean interval between pectus bar removal and evaluation was 28
months. Standardized preoperative and postoperative patient photographs were evaluated
using the same questionnaire by a panel of medical professionals and students (n=24) and
the results were compared.

Patients rated their preoperative deformity as more severe than the other evaluators,
revealing the significant impact of the deformity on patients’ self-perception. Postoperatively,
patient and professional evaluations were much better than before and were very similar. The
psychological evaluation showed a clear improvement in well-being. The ratings of the medi-
cal professionals were not influenced by their degree of medical education.

Surgical correction of pectus excavatum in female patients positively influences
body perception and psychological well-being. It should therefore not be considered as a mere-
ly aesthetic correction, but as an important procedure to restore a patient's self-perception.
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Pectus excavatum (PE) or funnel chest is a congenital chest wall
deformity with an incidence of 1 in 400 live births and a male-
to-female ratio of 4:1 [1,2]. In female patients, the deformity
commonly leads to a distortion of the female breast, resulting in
so-called breast strabism with a diminished intermamillary dis-
tance [3]. Females with PE tend to complain about the disturb-
ing aesthetic appearance of their breasts and not about the ster-
nal depression, which may be partly concealed by their breast
tissues. Funnel chest resulting in a severe breast deformity may
stigmatize a young woman, causing embarrassment, social anxi-
ety, and other psychological disorders [4]. Surgical correction
of the deformity has been shown to improve patients” quality of
life and to have positive influence on self-perception [5,6].

Trying to correct the deformity by augmenting the breast with
silicone implants may aggravate the strabism of the breasts by
making the sternal inclination more prominent, which leads to
unsatisfactory aesthetic results [3]. Instead, as we have demon-
strated in previous publications, remodeling the anterior thorac-
ic wall with retrosternal metal bar implantation by a minimally
invasive repair procedure (MIRPE) [7] or by a modified ap-
proach with a semi-open technique (minor open videoendo-
scopically assisted repair of pectus excavatum; MOVARPE) [8]
corrects the underlying deformity and leads to a marked im-
provement in the appearance of the breasts [3].

Aesthetic correction remains a major indication for PE repair
and is the most difficult parameter to measure postoperatively.
The patient’s satisfaction with a procedure and the surgeon’s
evaluation of the postoperative results can differ [9,10]. The
aim of this study was to investigate the association between fe-
male patients’ personal outcome evaluations and the assess-
ments made by medical professionals. Standardized photo-
graphs of patients’ preoperative and postoperative aesthetic ap-
pearance were analyzed by patients and by medical profession-
als. Differences in the evaluation based on evaluators’ sex or de-
gree of medical education were determined. Furthermore, we
assessed whether the surgical intervention had an impact on the
psychosocial well-being of the female participants. To our
knowledge, no publications have yet investigated quality of life,
satisfaction, body image, and aesthetic results before and after

bar removal with an exclusive focus on female PE patients.

Study design
The study design was prospective and approved by the local eth-
ics committee (approval No. UN4960). All patients signed a
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written informed consent form and the data were analyzed
anonymously. The study group included female patients who
underwent correction of PE utilizing the MIRPE technique [7]
or the MOVARPE [8] technique between August 2002 and
February 2015 and had the pectus bar removed. Exclusion crite-
ria were male patients, patients who underwent corrections us-
ing other techniques, or female patients who still had the pectus
bar in situ. The patients underwent a clinical examination and
standardized photographic documentation before and after cor-
rection.

All patients completed two questionnaires regarding their pre-
operative and postoperative conditions and their psychological
well-being. We used specifically constructed questionnaires fo-
cused on women to evaluate their quality of life, satisfaction,
and body image. The two-step Nuss Questionnaire (Pectus Ex-
cavatum Evaluation Questionnaire), which assesses the effects
of the Nuss procedure on physical and psychosocial function-
ing, was developed and has been applied for pediatric popula-
tions. Modifications of this instrument have been made for adult
male patients [11], but it has not yet been used to evaluate fe-
male breast deformities or long-term results after the removal of
the pectus bar. Both questionnaires that were administered in
our study, were developed by a psychologist and clinical experts
with longstanding experience with chest wall deformities.

In the first questionnaire, the patients appraised their aesthetic
appearance, before surgery and after pectus bar explantation,
based on photographic images (Table 1). The questions ad-
dressed aesthetic aspects of the breast, symmetry and strabism

Preoperative questionnaire
Q1: How do you rate the symmetry of the chest before the surgery?
Q2: How do you rate the symmetry of the nipples/areolas before the surgery?
Q3: How do you rate the symmetry of the breasts before the surgery?
Q4: How do you rate the extent of strabism (looking towards each other) of the
nipples/areolas before the surgery?
Q5: How do you rate the extent of the funnel of the chest before the surgery?

Postoperative questionnaire
Q1: How do you rate the symmetry of the chest after the surgery?
Q2: How do you rate the symmetry of the nipples/areolas after the surgery?
Q3: How do you rate the symmetry of the breasts after the surgery?
Q4: How do you rate the extent of strabism (looking towards each other) of the
nipples/areolas after the surgery?
Q5: How do you rate the position of the scars?
Q6: How do you rate the appearance of the scars?
Q7: How do you rate the extent of the funnel of the chest after the surgery?
Q8: How do you rate the appearance of the chest after the surgery?

Questionnaire for the aesthetic evaluation: appraisal of various aspects of pectus
excavatum deformity and repair, based on standardized preoperative photographs,
rated on a visual analogue scale (1= very poor; 100 =very good).
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Positive rate
Item

(%)
Q1: 1 am satisfied with myself and have fewer worries 89
about myself.
Q2: 1 am calmer inside. 67
Q3: 1'am more cheerful. 72
Q4: | do not suffer from insecurity anymore. 83
Q5: I'am more confident in my interactions with other 56
people.
Q6: | feel freer. 89
Q7: 1am calmer and more balanced. 78
Q8: | now better know what is important to me. 61
Q9: I feel less insecure in communication with others. 67
Q10: I am no longer in a battle with myself. 78

Patients” appraisal of various aspects of their psychological postoperative health
on a 7-point scale from —3 (very negative) to +3 (very positive) with the
percentage (of n=18) of positive ratings (rating = 1).

of the nipple-areola complex (NAC), depth of the PE deformity
(funnel), and scar appearance. The same photographic images
of all patients were independently evaluated by a panel of 24
persons at different levels of medical training with an equal sex
distribution (three male/female medical students, three male/
female residents, three male/female attending surgeons), using
the same questionnaire. The evaluation by medical personnel
was performed twice to assess internal consistency. The interval
between the first and second evaluation was 3 months. During
each session, the images were presented on a screen and the
questionnaire was filled out simultaneously by all investigators.

The second patient questionnaire (questionnaire 2) was a vali-
dated standardized psychological assessment administered to
patients after surgery (Table 2) that addressed changes in be-
havior, well-being, and lifestyle.

Patients and patient images

Between August 2002 and February 2015, 43 female patients
underwent surgical correction for PE utilizing the MOVARPE
technique (n=25) [8], the MIRPE technique (n=38) [7], cus-
tom-made silicone implants (n=6), and other procedures
(n=4). The MIRPE technique, which was first described by
Nuss, involves remodeling of the anterior chest wall by implan-
tation of a retrosternal metal bar [7]. The MOVARPE proce-
dure is a modification of the MIRPE technique with a semi-
open approach with additional skin incisions in the inframam-
mary fold, rib cartilage incisions, or partial resection and hori-
zontal sternum osteotomy [8]. The MOVARPE approach was
used in adult patients or adolescents with athletic dispositions
and in deformities with a deep funnel and severe sternum incli-

nation or malrotation with asymmetry, whereas in young pa-
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tients with a symmetrical depression the MIRPE technique was
used. During the study period, 30 patients had their pectus bar
removed (MOVARPE group, n=23; MIRPE group, n=7).
The bar was removed after an average of 20 months (range, 12—
3S months) in the MOVARPE group and 30 months (range,
14-36 months) in the MIRPE group. Patients who did not un-
dergo bar removal were not included in the study.

All patients underwent preoperative cardiopulmonary func-
tion tests, including spirometry and echocardiography. Nine pa-
tients (50%) showed a functional deficit, which was the indica-
tion for surgery. Of the remaining nine patients, surgery was in-
dicated in three for psychological reasons and in six for purely
aesthetic reasons. In routine clinical practice, no postoperative
cardiopulmonary evaluations were performed.

Of the 30 patients who were initially screened, 18 patients
(60%) returned the questionnaire and were included in the
study. Their mean age was 20 years (range, 14-41 years) at the
time of initial surgery. The interval from pectus bar removal to
the last evaluation was 28 months (range, 5-92 months). The
follow-up included a clinical examination and photographic

documentation in frontal, oblique, and sagittal views.

Appraisal of aesthetic appearance (questionnaire 1)
Questionnaire 1 was created by a group of clinical experts with
long-term experience in the treatment of chest deformities. The
experts designed the questionnaire based on published instru-
ments regarding outcome evaluations after breast surgery, and
specifically modified the questionnaire for PE deformities
[11,12]. The questionnaire included 10 items addressing the
size and form of the breast, the position and symmetry of the
NAG, the position and symmetry of the thoracic wall, the de-
gree of strabism of the NAC, and the appearance and position
of the scar. The questions were answered on a visual analogue
scale from 1 (very poor) to 100 (very good) (Table 1).

Psychological appraisal (questionnaire 2)

We modified a German-language standardized psychological
test [13]. The original questionnaire consisted of 42 questions
assessing the subjectively perceived status of a patient in a com-
parative manner. High scores signified increased relaxation, se-
renity, and optimism, while low scores signified increased ten-
sion, insecurity, and pessimism. A psychologist with longstand-
ing experience with patients with chest wall deformities con-
densed this questionnaire to the 10 questions that were most

relevant for our study.

Statistical analysis
Data are represented by the percentage of a rating or as the me-
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dian and interquartile range. In comparisons, the Wilcoxon
signed-rank test for nonparametric testing of paired samples was
applied. When analyzing differences between patients and pro-
tessionals, the latter were grouped together with a single median
score. SPSS version 19.0 (IBM Corp., Armonk, NY, USA) and
MedCalc version 16.8.4 (MedCalc Software, Ostend, Belgium)

were used.

RESULTS

Overall impressions of preoperative aesthetic
appearance

Patients rated their preoperative aesthetic appearance more
poorly than the medical professionals in all categories (Table 3,
Fig. 1A). The appearance of the funnel received the worst rating
from the patients (median rating, 9), compared to a median rat-
ing of 27 by the professionals. Thorax symmetry and breast
symmetry were rated as 13 and 12, respectively, by the patients,
compared to ratings of 42 and 37, respectively, by the profes-
sionals.

Overall impressions of postoperative aesthetic
appearance

Patients rated their overall postoperative appearance as 90 on
average, whereas professionals reported a rating of 72. In all as-
pects, patients’ ratings of their own postoperative results were
slightly higher than the ratings of the medical investigators, indi-
cating a high level of satisfaction (Table 3, Fig. 1B). Fig. 2 shows
an example of a patient who rated her preoperative appearance
more poorly than the medical professionals, and was in agree-

ment with the medical personnel in her postoperative rating.

Fig. 1. Results of questionnaire 1
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Differences in medical professionals’ evaluations
between the first and second ratings

There was a strong consensus between the duplicated ratings,
concerning both preoperative and postoperative ratings (Table
4). In the preoperative ratings the median results for symmetry
of the breast and strabism were equal between the first and sec-
ond evaluations (37 vs. 37 and 41 vs. 41, respectively), while for
the other questions the differences were minimal (preoperative
question 1: 42 vs. 44, question 2: 46 vs. 45, question S: 27 vs.

Table 3. Results of questionnaire 1: preoperative and

postoperative evaluations by patients and medical
professionals

Patients, Professionals,

median (IQR) median (IQR) ©-Value
Preoperative evaluation
Q1: Thorax symmetry 3(5-21) 2 (24-57) 0.001
Q2: NAC symmetry 20 (8-40) 6 (31-64) 0.012
Q3: Breast symmetry 2 (4-28) 37 (22-63) 0.001
Q4: NAC strabism 6 (10-47) 1(29-54) 0.098
Q5: Funnel appearance 9(3-29) 7 (17-34) 0.067

Postoperative evaluation
Q1: Thorax symmetry
Q2: NAC symmetry
Q3: Breast symmetry 89) 0.071
Q4: NAC strabism 70— 93) 68-82 0.266

76 ( 72 ( ) 0.038
73 68 ( )
76 (62 62 (52-78)
81( 75 )
Q5: Scar position 92 (78-97) 82 (75-86) 0.047
87 ( 79( )
90 ( 77 )
90 ( 72 )

69-91) 61-77
61 90) 58-78 0.276

Q6: Scar appearance 71-96) 74-84 0.085
Q7: Funnel appearance 71-94) 71-83 0.052
Q8: Overall appearance 66-95) 66-79 0.112

Aesthetic appraisal of various aspects of pectus excavatum deformity and repair
by patients (n=18) and medical professionals (n=24), rated on a visual analogue
scale (1=very poor; 100 =very good).

IQR, interquartile range; NAC, nipple-areolar complex.

Preoperative — patients

Thorax symmetry ——Professionals
100
80
60
40

Funnel NAC symmetry

20

NAC strabism Breast symmetry o

Preoperative (A) and postoperative (B) evaluation by patients and medical professionals. NAC, nipple-areolar complex.

Postoperative

Thorax symmet
100 Y i

——Patients
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Funnel NAC symmetry
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Fig. 2. Pre- and postoperative standardized photo documentation

Representative images of a patient in the preoperative (A-C) and postoperative (D-F) setting. Simultaneously with pectus bar removal, reduction
mammaplasty and reconstruction of the inframammary fold was performed.

Table 4. Internal consistency based on two timely se 29). Similar results were seen in the postoperative evaluations,

evaluations with only minimal differences in median ratings.

Professionals

- © Second roo T P-value Sex differences
irst b o L. .. .
m:srcii a:?l(llram nﬁz?i?ann()llg;{) There were statistically significant sex differences between the
Preoperative evaluation groups. Overall, male evaluators assigned lower ratings than fe-
Q1: Thorax symmetry 42 (24-57) 44 (32-54) 0.276 males (Table 5).
Q2: NAC symmetry 46 (31-64) 45 (35—-65) 0.297
Q3: Breast symmetry 37 (22-63) 37 (28-62) 0.098 Differences in medical education
Q4: NAC strabism 41 (29-54) 41 (30-52) 0.266
Q5: Funnel appearance 27 (17-34) 29 (18-37) 0.383 There were only minor differences in evaluations according to
Postoperative evaluation the different stages of medical education. Medical students’ re-
Q1: Thorax symmetry 72(61-77) 74 67-77) 0.037 sults showed slightly better evaluations preoperatively and
Q2: NAC symmetry 68 (58-78) 69 (63—76) 0.050 lichtl aluati .
t t tivel d to all oth
03 Brest symmaty 62 5278 60 6179 g slightly worse evaluations postoperatively compared to all other
Q4: NAC strabism 75 (68-82) 74 (68-80) 0.636 groups.
Q5: Scar position 82 (75-86) 80 (67-85) 0.485
L SR RIS s sl DAl Questionnaire 2: Psychological questionnaire
Q7: Funnel appearance 77 (711-83) 78 (69-82) 0.924 Th hological tionnaire demonstrated a clear benefit
Q8: Overall appearance 72 (66-79) 75(68-80)  0.163 ¢ psychological questionnaire cemonstrated a clear bene

— , : : of surgical correction of PE in terms of psychological well-being.
Replication of aesthetic appraisal of various aspects of pectus excavatum . . . .
deformity and repair by medical professionals, rated on a visual analogue scale The design of the questionnaire allowed ratings of -3 to +3, and

(1=very poor; 100=very good). ratings of > 1 were interpreted as indicating a positive develop-
IQR, interquartile range; NAC, nipple-areolar complex.

ment. Thus, 28% of patients answered 8 to 10 of the 10 ques-
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Professionals

Female, Male, P-value
median (IQR) median (IQR)

Preoperative evaluation

Q1: Thorax symmetry 38 (23-51) 45 (34-59) 0.010
Q2: NAC symmetry 50 (34-65) 49 (30-64) 0.744
Q3: Breast symmetry 35 (24-61) 36 (21-60) 0.777
Q4: NAC strabism 42 (29-56) 34 (23-53) 0.013
Q5: Funnel appearance 26 (14-34) 29 (19-35) 0.124
Postoperative evaluation
Q1: Thorax symmetry 75 (66-79) 69 (64-74) 0.019
Q2: NAC symmetry 71 (57-80) 66 (56-76) 0.109
Q3: Breast symmetry 64 (54-80) 59 (48-70) 0.004
Q4: NAC strabism 80 (75-84) 69 (65-79) <0.001
Q5: Scar position 84 (76-86) 79 (73-83) 0.122
Q6: Scar appearance 81 (74-87) 75 (69-80) 0.010
Q7: Funnel appearance 79 (72-84) 73 (66-79) 0.006
Q8: Overall appearance 75 (70-80) 70 (64-77) <0.001

Sex differences in the aesthetic appraisal of various aspects of pectus excavatum
deformity and repair by medical professionals compared to patients’ ratings,
rated on a visual analogue scale (1=very poor; 100 =very good).

IQR, interquartile range; NAC, nipple-areolar complex.

tions with a positive result, 39% reported positive results on 3 to
7 of the 10 questions, and 33% of patients answered only 0 to 2
of the 10 questions positively. Regarding specific questions, 89%
were satisfied with themselves after surgical correction (ques-
tion 1), 83% no longer suffered from insecurity (question 4),
and 78% no longer felt that they were in a battle with themselves
(question 10) (Table 2).

Summary of results

In summary, the patients rated their preoperative aesthetic de-
formities far more poorly than the medical evaluators, whereas
postoperatively, patients rated their appearance equal to or
slightly better than the other evaluators. In our analysis of the
evaluators, we found only minor differences in the evaluations
of male versus female professionals and little impact of their de-
gree of medical education. The psychological questionnaire

demonstrated a clear improvement in well-being as a result of

surgery.

In the present study, we focused on the aesthetic appearance,
quality of life, and body image of female adult and adolescent
patients before and after PE repair. Most previous studies con-
centrated on this deformity in males [11,12,14] or even exclud-
ed female subjects from their studies [15]. We focused on a fe-
male cohort, since the secondary breast deformity in females
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aggravates their symptoms and has a pronounced effect on body
image. Since PE has been shown to cause only minor functional
deficits [ 16], insurance coverage is not always provided and the
surgical correction of PE is sometimes still dismissed as a merely
aesthetic procedure. However, many studies have clearly shown
that the PE deformity has a significant influence on psychoso-
cial development and that the benefits of surgical correction are
not limited to aesthetic improvements [11,12,14,17].

Our study demonstrated that female patients rated their pre-
operative deformities far worse than medical evaluators. Postop-
eratively, patients rated their appearance equal or slightly better
than the medical evaluators. This indicates that the PE deformi-
ty strongly impacted patients’ self-perception and that surgical
correction successfully led to a self-evaluation that was in accor-
dance with the other evaluators. We found only minor differ-
ences in the evaluations of male or female professionals and little
impact of their degree of medical education.

Many reports about psychological health in PE patients have
examined largely pediatric or adolescent patient series and have
mainly included males [4,11,12,17,18]. The present study fo-
cused on both adolescent and adult female patients, ranging
from 14 to 41 years of age. Studies have shown significant im-
provements in psychological and psychosocial well-being after
PE repair in children [5,12] and young adults [11], but the re-
sults of these studies were not based exclusively on females. Our
psychological questionnaire confirmed the improvements in
quality of life and psychological well-being after surgery, specifi-
cally in female patients. As stated previously, this is of particular
importance because the PE deformity leads to an overall more
severe aesthetic distortion in female patients than in male pa-
tients, as a result of the resultant breast deformity. Furthermore,
previous investigations have usually evaluated patients before
removal of the pectus bar [5,11,12]. Several investigators have
pointed out that data on quality of life after bar removal were
not available, although these data are needed to justify perform-
ing the Nuss or MOVARPE procedure for aesthetic reasons. So
far, only three reports have included postoperative evaluations,
and all of these demonstrated high patient satisfaction with the
results of the Nuss procedure after removal of the pectus bar
[18-20]. To our knowledge, our study is the first to evaluate fe-
male PE patients’ quality of life and satisfaction after bar explan-
tation.

Many studies on aesthetic outcomes after breast surgery have
confirmed that patients and medical professionals have different
perceptions of the results [10,21]. Previously, we conducted a
study comparing the aesthetic evaluations of patients, medical
professionals, and laypersons after implant-based breast recon-

struction [9]. In oncologic patients, we showed that patients rat-
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ed their postoperative results significantly more positively than
the other evaluators. Similar findings have also been reported in
other studies on breast cancer patients, indicating that the differ-
ences in evaluations among patients, physicians, and laypeople
are not based only on aesthetic criteria; instead, they are multi-
factorial [ 10]. These results in oncologic patients are in contrast
to the results of the current study on PE repair, where only the
preoperative evaluations showed different ratings between pa-
tients and the other evaluators. The postoperative evaluations
yielded similar aesthetic ratings in all groups. In our view, this
may confirm that PE repair corrects not only an aesthetic defor-
mity, but also has a positive influence on patients’ self-percep-
tion.

Interestingly, a study by Kim et al. [ 19], evaluating satisfaction
after pectus bar removal in 39 children through a questionnaire,
came to a different conclusion. The operative results were evalu-
ated by the patients and their parents, as well as by two surgeons
and two nurses. The surgical team’s scores for overall satisfac-
tion were higher than the patients’ and/or parents’ scores, and
the same pattern was found for the scores for recommendation
of the surgery to others. The authors suggested that preopera-
tive expectations different among patients, parents, and the sur-
gical team, and that a sufficient clarification should therefore be
provided prior to surgery. We agree that patients and their par-
ents should be thoroughly informed before surgery in order to
ensure that they have realistic expectations regarding outcomes.

Patient satisfaction has become an important tool as a measure
of the quality and outcomes of medical care [22]. A review of
patients’ evaluations of medical services that included results
from over S0 studies showed that the average percentage of sat-
isfied patients was about 78% [23]. The most common assump-
tion is that satisfaction is defined as an “evaluation based on the
fulfillment of expectations” [24]. Various studies have tested
this theory and have come to the conclusion that there is evi-
dence to suggest that patients’ expectations are involved in eval-
uations, but not in a simplistic way [22,25]. Expectations are
modified throughout the process of care and influence evalua-
tions. A discrepancy model has been proposed, suggesting that
dissatisfaction is only expressed when an extreme negative event
occurs, and that the expression of dissatisfaction is likely an indi-
cator that something went wrong [24]. Therefore the high satis-
faction rates in most studies are a questionable measure of medi-
cal quality, and the satisfaction questionnaires used in studies
are still based on an insufficient knowledge of how and what pa-
tients evaluate [24].

In accordance with these points, objective measures were ana-
lyzed in our study, and differences were still present between

medical evaluators and patients. This suggests that factors be-
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yond objective criteria influenced the evaluations.

Since self-perception is a major contributor to therapeutic de-
cision-making, a systematic evaluation of body image should be
included in the assessment of patients with thoracic wall defor-
mities. A multidisciplinary approach, including a psychological
evaluation, is mandatory for the treatment of PE deformities,
and psychological screening should routinely be carried out in
all patients with thoracic wall deformities. The careful selection
of patients following multidisciplinary preoperative manage-
ment is important for preventing disappointing results.

The limitations of this study are its retrospective data acquisi-
tion nature and the small number of patients included, which
limited our ability to draw generalizable conclusions. Nonethe-
less, this study presents the largest experience to date, with the
longest follow-up of female patients who underwent PE repair
with retrosternal pectus bar implantation. Further work is need-
ed to verify that the information the current study obtained
from a small number of patients is representative of a larger pop-
ulation.

In summary, our results show that female patients with a PE
deformity and secondary breast deformity can greatly benefit
from surgical correction, with high levels of satisfaction and im-
provements in their quality of life. We therefore conclude that
corrective surgery of PE has a positive effect on patients’ physi-
cal and psychological well-being. Psychological improvement
through aesthetic correction of the deformity is an indication

for surgery.
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