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Introduction

Pectus excavatum (PE) or “funnel chest” is the most 
common congenital chest wall deformity, accounting for 
over 90% of all chest wall deformities, with an incidence 
rate of approximately 0.1%, and a male to female ratio 
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performed better in the questionnaires and the frequency of mental health problems in 
the patients was lower than before. Most significantly, four mental disorders were allevi-
ated after surgery, namely somatization, interpersonal sensitivity, depression, and anxi-
ety. What is more, age, suffering year, and platelet aggregation responses to serotonin and 
epinephrine of PE patients partially were involved with the postoperative alleviation of 
mental disorders. In conclusion, the mental health level of PE patients could be effectively 
improved via the Nuss surgical procedure, and the earlier surgery might turn out better.
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of 4:1.1) PE is sporadic and generally asymptomatic, but 
due to the inward displacement of the sternum or costal 
cartilage, the chest of PE patients appears like a funnel. 
Thus, PE patients often suffer from impaired social 
interaction, and the self-esteem of PE patients is nega-
tively connected with aesthetic concerns.2) Indeed, chil-
dren with PE displayed higher prevalence of psychosocial 
problems than children of health control.3)

The Nuss procedure is a common and minimally inva-
sive treatment for PE repair. The depressed sternum and 
costal cartilage are rebounded after this surgery.4) The Nuss 
procedure has the advantages of small and hidden inci-
sions, short operative time, low blood loss, rapid recovery, 
and no need of cartilage or sternum resections. Yet, some 
studies on PE patients document about the importance of 
surgery to improve the quality of life like self-esteem,5–10) 
there is no systematical study to evaluate the psychosocial 
status in postoperative patients from child to adult. Psycho-
social problems could be improved after surgery, but it is 
not clear whether clinical features are involved.
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To unfold the above issues, our study evaluated the 
mental health problems of PE patients by using Chinese 
Mandarin version of the Symptom Checklist 90 (SCL-
90) and the Self-rating Depression Scale (SDS) ques-
tionnaires, and analyzed the risk factors of psychosocial 
problems for postoperative patients. Expectedly, after 
the Nuss procedure, mental disorders of PE patients had 
been remarkably alleviated. Yet, older age seamed 
weaken this improvement. We believed that the earlier to 
be operated, the better intervention of psychosocial 
problems for PE patients.

Methods

Subjects
This study was approved by the General Hospital of 

Beijing Military Region (Beijing, China) ethics review 
board and we got the informed consent of all subjects for 
adults and parents for those under age 18 years.

In all, 266 patients with PE were recruited of admis-
sion date from 2009.7 to 2012.1. The inclusion criteria 
were as follows: a diagnosis of PE, intelligence quotient 
higher than 70, and Chinese as first language. Exclusion 
criteria for subjects were as follows: having a major 
psychiatric disorder, previous surgery, recurrent PE, or 
other complex chest wall deformity. Detailed medical 
histories of patients were collected, and the Haller 
indexes (HIs) before and after surgery were calculated 
according to the chest computed tomography (CT), as 
shown in Table 1.

Surgical procedure
In the process of this study, the same surgeon (Bo Xu) 

operated a standard surgical procedure for all the patients 
recruited. The operations were done under general anes-
thesia as described before.2) Briefly, both sides of the 
chest were incised laterally. Then, the surgeon inserted a 
curved bar into the sternum. Due to varying degrees of 
deformity in patients, personalized bar was curved. The 
depressed sternum and costal cartilage of the chest in PE 
patients could be rebounded by this bar. After fixation of 
the bar on the ribs, the surgeon sutured conventional 
incision postoperatively.

Research tools
In this study, two questionnaires were used to measure 

mental health status 7 days before surgery and 1 year 
after surgery: the SCL-90 and SDS questionnaires. 
i) SCL-90 is a current extensive checklist scale for men-
tal disorders and psychological illnesses in outpatient 
service.11) The scale included 1–5 levels of evaluation 
standards, with a total of 90 chapters on 10 factors: 
1) somatization, 2) interpersonal sensitivity, 3) obsessive- 
compulsive symptoms, 4) depression, 5) anxiety, 6) hos-
tility, 7) terror, 8) paranoid ideation, 9) psychoticism, 
and 10) other items. The scores were divided into five 
levels: “no, mild, moderate, severe, and serious.” The 
total score was the sum of 90 chapters. When the total 
score was greater than 160, the number of the positive 
items was more than 43 or a certain factor was more 
than 2, which was positive.12) Furthermore, those posi-
tive patients were asked to complete the SDS question-
naire. The SDS, designed by Zung in 1965, is used to 
measure status of depression as a reliable tool.13) It con-
tains 20-item questionnaires with responses rating from 1 
to 4, and higher scores mean more frequent depressive 
symptoms. The clinical threshold of the total of the raw 
item scores is 53, namely patients scoring ≥53 were in 
depressive status.

Assessment of platelet reactivity
For platelet aggregation analysis, blood samples of 

10 ml were obtained from veins at rest and stored into 
standard commercial evacuated tubes containing 3.8% 
sodium heparin at -80°C until analysis. The platelet 
aggregation was assessed as described before.14) Briefly, 
platelet-rich plasma was centrifuged at 135 g for 15 min 
and prepared at 250,000 platelets/µl for use. Then, plate-
let aggregation responses to different agonists, namely 
epinephrine, adenosine diphosphate (ADP), collagen 

Table 1 � Demographic characteristics of 
patients with pectus excavatum

Characteristics PE patients

Subjects 266
Age* 19.02 ± 4.42
Gender
  Male 228
  Female   38
Education
  ≤Junior middle school   68
  Senior middle school   87
  ≥College 111
Marital status
  Unmarried 259
  Married      7
PE status*

  HI   4.18 ± 1.20
  Suffering year   9.78 ± 6.30

*Data given as mean ± SD. PE: pectus excavatum; 
HI: Haller index
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(Chronolog, Havertown, PA, USA) and serotonin (St. Louis, 
MO, USA), were assessed. Epinephrine 10 µmol/l, sero-
tonin 10 µg/ml, collagen 10 µg/ml, and ADP 5 µmol/l 
were tested alone or combined for test. Platelet aggrega-
tion responses were recorded and the results presented as 
% platelet aggregation × time (minutes).14)

Statistical analysis
All data were given as the mean ± standard deviation 

(SD) with SAS 9.1 for Windows. A p value below 0.05 is 
considered significant. The correlation analysis between 
the psychological status and clinical features of PE 
patients were tested by a c2 test. The differences in men-
tal scores, HI, and suffering year between groups of 
patients were analyzed by Mann–Whitney U-test (the 
one of nonparametric test).

Results

All the 266 PE patients did the SCL-90 questionnaires 
before surgery and 1 year after surgery (Table 2). It was 
shown that the total score, somatization, interpersonal 
sensitivity, depression, and anxiety scores of SCL-90 
after surgery were significantly higher than those before 
surgery (p <0.05). The obsessive-compulsive symptoms, 
hostility, terror, paranoia ideation, psychoticism, and 
other mental disease scores between the two stages were 

not significant (p >0.05). These indicated that after the 
Nuss procedure of PE surgery, mental problems of PE 
patients were alleviated.

As shown in Table 2, 1 year after surgery, of all the 
266 PE patients, 76 (28.57%) patients still had depres-
sive status. In all the postoperative PE patients, depres-
sive status with clinical features were investigated by the 
c2 test and shown in Table 3. We found a significant 
association between depressive status and older age 
(p = 0.039), or total suffering years (p = 0.028) in post-
operative PE patients. Gender, education, marital status, 
or HI had no significant effect on mental depression 
(Table 3). Additionally, HIs of all patients after surgery 
were measured, and no significant difference was found 
between patients with and without depressive status 
(2.59 ± 0.40 vs. 2.65 ± 0.37, p = 0.236), suggesting little 
effect of surgical outcome on depressive status in PE 
patients.

Furthermore, the 153 depressive PE patients before 
surgery were divided by postoperative depressive status, 
namely 76 (49.67%) patients with depressive status and 
77 (50.33%) patients without depressive status. Statisti-
cal analysis showed that there was a significant associa-
tion between the consistent depressive status in PE 
patients and older age (p = 0.019) or total suffering years 
(p = 0.006) (Table 4). The dyshomeostasis of neurotrans-
mitters like serotonin (5HT) or epinephrine account for 

Table 2 � Psychological scores before and 1 year after surgery of patients with 
pectus excavatum

Characteristics Preoperative Postoperative p value

Symptom Checklist 90 (SCL-90)*

  Total average score 152.02 ± 55.04 141.75 ± 19.56   0.037
  Somatization   1.57 ± 0.59   1.23 ± 0.62   0.001
  Interpersonal sensitivity   1.92 ± 0.72   1.77 ± 0.64   0.025
  Obsessive-compulsive symptoms   1.80 ± 0.73   1.82 ± 0.69   0.805
  Depression   1.74 ± 0.78   1.57 ± 0.69   0.003
  Anxiety   1.73 ± 0.71   1.58 ± 0.73   0.013
  Hostility   1.74 ± 0.82   1.70 ± 0.77   0.582
  Terror   1.49 ± 0.60   1.51 ± 0.52   0.702
  Paranoid ideation   1.62 ± 0.64   1.60 ± 0.68   0.773
  Psychoticism   1.56 ± 0.58   1.53 ± 0.55   0.646
  Other aspects of symptoms   1.67 ± 0.66   1.57 ± 0.49   0.104
Mental health problems (n)# 161 (60.53%) 79 (29.70%) <0.001
Depressive status (n)## 153 (57.52%) 76 (28.57%) <0.001

*Data given as mean ± SD. #When the total score was greater than 160, the number of 
the positive items was more than 43 or a certain factor was more than 2, a patient was 
positive for mental health problems. ##Patients scoring >160 on the SCL-90 or having 
scores ≥3.0 for the depression or the anxiety items were asked to complete the Self-rating 
Depression Scale (SDS) survey. The clinical threshold is 53. Patients scoring ≥53 were in 
depressive status.
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and depression.17) Thus, it is necessary to follow the psy-
chological problems caused by the physical deformity of 
patients.

In our study, 153 of 266 PE patients had mental prob-
lems before surgery. After the Nuss surgical procedure, 
patients with PE get maximum correction immediately, 
but the psychological impact is a chronic and need longer 
time for observation. Therefore, follow-up study is neces-
sary. One year after surgery, through the follow-up survey, 
we found that postoperative patients with PE performed 
better in SCL-90 questionnaire than before, and the 
improvement was statistically significant. The scores for 
somatization, interpersonal sensitivity, depression, and 
anxiety were significantly decreased. Those mental disor-
ders were thought to be somehow connected with personal 
appearance. Some studies also reported the perception or 
life quality of PE patients,18–20) which agreed with our 
results. In general, after the Nuss surgical procedure, men-
tal health of PE patients was mostly improved.

Furthermore, we found that age and total suffering 
years had significant effect on the postoperative allevia-
tion of mental disorders, whereas gender, education, 
marital status, HI, or the degree of surgical repair of 
deformity had no significant effect. It is suggested that 
the psychological state of PE patients generated with 
time, and thus could be hardly converted. A recent study 
had also observed that after the Nuss surgical proce-
dure, younger PE patients performed more postopera-
tive satisfaction than those older,2) and many reports had 

the mental health problems such as depression, and then 
we measured the platelet aggregation for 5HT or epi-
nephrine in patients of different depressive status. It was 
revealed that postoperative patients with depressive sta-
tus had a higher platelet aggregation response to 5HT 
(p = 0.012) and epinephrine (p = 0.005) (Table 4). No 
significant differences were found in platelet aggrega-
tion response to collagen or ADP, and none to 5HT + 
epinephrine, 5HT + collagen, or 5HT + ADP. Also, gen-
der, education, marital status, or HI had no significant 
effect on metal depression.

Discussion

The appearance of a patient with PE is singular, which 
may serve as a kind of stress to cause psychological 
trauma. Zou et al.15) surveyed more than 470,000 students 
of primary and middle school in Dongguan China, and 
found that the prevalence of PE was 0.583%. Among 
those PE patients, the impact of PE on the cardiopulmo-
nary function was not obvious, but was notable on their 
mental state. Mental problems of these patients were 
mainly inferiority, shame, social barriers, loneliness, or 
depression.15) Also, many other patients of orthopedic 
surgery have tendency of inferiority. For example, 
patients with craniofacial anomalies often have appear-
ance concerns and related social anxiety which experi-
enced negative psychological impact,16) and patients with 
ankylosing spondylitis show high frequency of anxiety 

Table 3 � Association between demographic characteristics and depressive status of the pectus 
excavatum patients after surgery

Characteristics
Postoperative patients without 

depressive status, n (%)
Postoperative patients with 

depressive status, n (%)
p value

Age 
  11–16   63 (33.16%) 14 (18.42%) 0.039
  17–22 103 (54.21%) 47 (61.84%)
  ≥23   24 (12.63%) 15 (19.74%)
Gender 
  Male 164 (86.32%) 64 (84.21%) 0.803
  Female   26 (13.68%) 12 (15.79%)
Education
  ≤Junior middle school   54 (28.42%) 14 (18.42%) 0.222
  Senior middle school   61 (32.11%) 26 (34.21%)
  ≥College   75 (39.47%) 36 (47.37%)
Marital status
  Unmarried 185 (97.37%) 74 (97.37%) 0.672
  Married   5 (2.63%) 2 (2.63%)
PE status*

  HI 4.15 ± 1.21   4.28 ± 1.17 0.484
  Suffering year 9.23 ± 5.82 11.17 ± 7.22 0.028

*Data given as mean ± SD. PE: pectus excavatum; HI: Haller index
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unfolded the close relationship between the satisfaction 
of patients and postoperative psychosocial status.21–23) 
Along with our results, we suggested that the Nuss sur-
gical procedure for PE should be done at a younger age, 
as the psychological state of older patients could have 
been generally formed. Yet, if the age is too young, the 
surgery may result in operation failure or recurrence, 
since the non-stop bone growth. Thus, the time window 
for surgery is still in doubt and may vary with differed 
body state. Generally speaking, patients at puberty have 
very low recurrence after PE surgery. So it is an advis-
able suggestion to do the surgery at puberty. Indeed, 
additional psychological treatment and intervention for 
the teenagers could help improved the quality of life 
better.

In our study, we also found that postoperative patients 
with depressive status had a higher platelet aggregation 
response to two neurotransmitters 5HT and epinephrine, 
but not ADP or collagen. Since the well-known 5HT 

system has been implicated in the pathogenesis of major 
depressive disorder,24) the platelet reactivity might be 
involved in the depressive status of PE patients.25) Thus, 
we suggest an early detection of platelet reactivity in PE 
patients.

Conclusion

PE patients do have mental health problems such as 
depression and social dysfunction which may result 
from their appearance, and after surgical correction, 
those mental problems were significantly alleviated. 
Furthermore, it is necessary to get surgery at a younger 
age around puberty.
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Table 4 � Association between demographic characteristics and depressive status of the depressive pectus excavatum 
patients after surgery

Characteristics
Postoperative patients without 

depressive status, n (%)
Postoperative patients with 

depressive status, n (%)
p value

Age
  11–16 29 (37.66%) 14 (18.42%) 0.019
  17–22 40 (51.95%) 47 (61.84%)
  ≥23   8 (10.39%) 15 (19.74%)
Gender
  Male 67 (84.21%) 64 (84.21%) 0.792
  Female 10 (15.79%) 12 (15.79%)
Education
  ≤Junior middle school 22 (28.57%) 14 (18.42%) 0.133
  Senior middle school 30 (38.96%) 26 (34.21%)
  ≥College 25 (32.47%) 36 (47.37%)
Marital status
  Unmarried 74 (96.10%) 74 (97.37%) 0.988
  Married   3 (3.90%) 2 (2.63%)

Postoperative patients without 
depressive status (n = 77)

Postoperative patients with 
depressive status (n = 76)

p value

PE status*
  HI   4.19 ± 1.12   4.28 ± 1.17 0.923
  Suffering year   8.52 ± 5.82 11.17 ± 7.22 0.006
Resting platelet Aggregation: area 
under the curve*

150.4 ± 15.8 183.8 ± 37.4 0.005

Epinephrine 10 µm 265.1 ± 19.2 277.5 ± 31.9 0.312
Collagen 10 µm 251.7 ± 16.8 243.3 ± 27.2 0.678
ADP 5 µm   7.8 ± 2.5 12.2 ± 4.2 0.012
5HT 10 µm 229.3 ± 20.8 245.7 ± 43.3 0.421
5HT 10 µm + epinephrine 10 µm 256.2 ± 27.1 274.8 ± 35.0 0.298
5HT 10 µm + collagen 2 µm 238.8 ± 15.5 230.1 ± 41.7 0.702
5HT 10 µm + ADP 1 µm

*Data given as mean ± SD. ADP: adenosine diphosphate; 5HT: serotonin; HI: Haller index; PE: pectus excavatum
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