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Background: At present, there are no randomized trial or higher levels of evidence than case studies 
to guide thoracic surgeons in the field of thoracic deformities, typically for pectus excavatum. This study 
investigates the current clinical practices amongst the Chinese Association of Thoracic Surgeon (CATS) 
members in order to seek potential consensus and divergence.
Methods: A web-based questionnaire was designed by a subgroup of CATS Pectus Excavatum Management 
Working Group and was sent to all of the CATS members. The questionnaire was composed of 27 questions 
concerning debatable sections, including preoperative evaluations, indications, timings of surgery, anesthesia 
and analgesia methods, rehabilitations.
Results: A total of 385 questionnaires were mailed to available CATS members. Moreover, 208 
questionnaires were retrieved, of them 170 were finally available for analysis. Results of high consensus were 
extracted. Besides well-known factors such as complaints of symptoms, a moderate to severe deformity by 
physical exam, a Haller CT index >3.2, pulmonary function deviance, and cardiology evaluation abnormality, 
cosmetic requests and severe social-psychological problems from deformity come to be the most common 
reasons (17.34% and 56.89%) for PE patients’ demands for surgery, and also occupy high percentages 
(49.41% and 89.41%) in indications of surgery. Concerning CT scan, 3D reconstruction of the chest is 
performed additionally by two thirds (64.12%) of the investigated cohort. Two surgeons out of three (66.47%) 
responders consider the optimal age for surgery is 6–12 years old. After the Nuss procedure, the majority 
of responders (79.41%) agree on the removal of the bar 2–3 years after surgery. To deal with complicated 
or severe deformities, 84.71% of surgeons utilize the double bar or multiple bar techniques. The majority 
of responders (92.35%) prefer general anesthesia combined with intubation in PE surgery, as well as in the 
procedure of the Nuss bar removal (72.35%). 
Conclusions: The survey reveals a remarkable consistency of practice patterns in several aspects. Adequate 
preoperative evaluations are needed. Cosmetic request and psychological discomfort from deformity are 
crucial indications for surgery. We had better perform PE surgery before patients’ puberty and bar removal 
3 years after surgery. Several surgical skills are fully debated to enhance orthopedic effect and diminish 
complications. General anesthesia combined with intubation is considered as a standard maneuver. Surgeons 
now pay more and more attention to perioperative rehabilitations. The given results can be used as evidence 
in guiding clinical practice in circumstances where no evidence of higher levels exists, although divergences 
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Introduction

Pectus excavatum is the most common congenital chest 
wall deformity, affecting 1 to 8 out of 1,000 live births (1). 
Profiting fully from the advent of the minimally invasive 
pectus repair, namely the NUSS procedure for pectus 
excavatum, there has been a dramatic increase in the 
number of patients presenting for surgery (2). Moreover, a 
lot of refinements and innovations of the NUSS procedure 
have arisen, leading to a large variety of new clinical 
practices (3-5). Inevitably divergences come up in PE 
surgery about indications, age, surgery strategies, bar-
removal timing, anesthesia and rehabilitation, etc. There 
are no randomized trial or higher level of evidence than case 
studies to guide thoracic surgeons in this field. This study 
investigates current clinical practices amongst Chinese 
Association of Thoracic Surgeon (CATS) members in 
order to seek potential consensus and divergence to provide 
possible evidence for further guidelines in guiding clinical 
practice. 

Methods

A web-based questionnaire was designed by a subgroup of 
CATS Pectus Excavatum Management Working Group, 
and all CATS members were invited to respond from 
November 2017 to December 2017. 

The questionnaire was designed following a clue focusing 
on surgical management of pectus excavatum, especially 
some debatable aspects. The questionnaire was composed of 
27 questions, which could be subdivided into sections listed 
as follows: preoperative evaluations, indications, timing of 
surgery, anesthesia and analgia, rehabilitation, etc. For some 
questions multiple options were permitted, while for the 
others only single option was allowed (see Appendix).

Only fully completed questionnaires by the CATS 
members were enrolled in the final analysis of this literature.

Data are presented in both numbers and percentages. 
Percentages are rounded to two decimal places.

Results

Three hundred eighty-five questionnaires were mailed to 
available CATS members. Moreover, 208 questionnaires 
were retrieved, of them, 170 were finally available for 
analysis.

Responders

Of these 170 responders, categorized by the Chinese 
physician professional title system, 8 (4.71%) responders 
were resident surgeons, 28 (16.47%) responders were 
attending surgeons, 67 (39.41%) responders were associate 
chief surgeons, 64 (37.65%) responders were chief surgeons, 
and 3 (1.76%) responders were unknown or others. 

Preoperative evaluations 

For preoperative evaluation of the manners of PE surgery, 
thoracic CT scan, electrocardiograph and color Doppler 
echocardiography are deemed mandatory by nearly all 
of the responders, with a proportion of 98.82%, 91.18% 
and 89.41% respectively. A pulmonary function test is 
considered to be necessary by 54.12% of the surveyed 
cohort. Meanwhile, 34.71% of the responders think 
psychology assessment should also be undertaken, and 
another 10% declare that they apply for 3D printing 
program before surgery. Concerning CT scans, 3D 
reconstruction of the chest is performed additionally by two 
thirds (64.12%) of the investigated cohort. 

The responders are segregated with regard to the impact 
of surgery on PE patients accompanied with scoliosis. 
15.29% of the responders think that the surgery will lead 
to an exacerbation of scoliosis. While on the contrary, 
25.29% of the responders consider it may lead to a relief 
of scoliosis, 54.12% consider it to be depending on the 
severity of scoliosis, 57.65% consider it to be depending 
on the severity of PE deformity, 51.76% consider it to be 
depending on the type of the PE deformity, and 57.06% 

exist. Future studies, especially randomized trials, are needed to establish clinical practice guidelines for 
thoracic surgeons in PE surgery. 
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of the responders consider that the effect of PE surgery is 
related to whether or not the patient undertaking correct 
postoperative gestures.

Patients’ demands and indications

As for the most common reason that PE patients request 
for surgery in a surgeons’ daily work, psychological 
discomfort from PE deformity ranks 1st, with a certification 
from 56.89% of the responders. Cosmetic requests come 
second with a proportion of 17.34%. Whereas, only 
7.78% responders declare the complaints of obvious 
cardiopulmonary symptoms to be the most common reason. 

Referring to the indications of surgery for PE, a Haller 
index of >3.25 of thoracic CT scan is agreed by 92.94% of 
the responders. Restricted pulmonary ventilation disorder, 
abnormal in ECG and accompanied with mitral valve 
prolapse are agreed as indications of surgery in 85.29%, 
44.12% and 31.76% responders. Severe deformity and 
ongoing deterioration of deformity are thought to be 
indications in 84.71% and 75.88% responders. While, 

severe social-psychological problems from deformity and 
cosmetic requests are also considered as indications by 
89.41% and 49.41% surveyed cohort.

Timing and procedure consideration for PE surgery  
(see Table 1)

Nonsurgical treatments, such as vacuum bell, is believed 
to be suitable for children under 6 years old and mild 
deformities by 72.94% and 66.47% of the responders. 

About the appropriate age to undertake PE surgery, 2 
surgeons out of 3 (66.47%) considered the best age interval 
as 6–12 years old. About 17.65% think it should be 3– 
5 years old. 15.88% think it should be 13–17 years old, 
and nobody choose 18 years or older. Moreover, after the 
Nuss procedure, the majority (79.41%) of the responders 
agreed on the removal of the bar 2–3 years from surgery. 
Meanwhile, 42.94% stated that for specific cases, it depends 
on the individual real-time situation.

When coming to a consideration about adopting open 
surgery or minimal-invasive surgery, history of thoracic 

Table 1 Timing and procedure consideration for PE surgery

Questions n %

“Nonsurgical treatments, for example, vacuum bell, are suitable for?”

Children under 6 years old 124 72.94

Refuse surgery 65 38.24

Mild deformity 113 66.47

Symmetric deformity 47 27.65

Asymmetric deformity 18 10.59

“What is the appropriate age for conducting PE surgery?”

3–5 years old 30 17.65

6–12 years old 113 66.47

13–17 years old 27 15.88

18 years old or above 0 0

“When should the bar be removed after the Nuss procedure?”

Less than 2 years from surgery 6 3.53

2–3 years from surgery 135 79.41

4–5 years from surgery 28 16.47

More than 5 years from surgery 3 1.76

For specific cases, it depends on real-time situations. 73 42.94

PE, pectus excavatum.
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surgery is a concerning factor in 65.88% of the responders. 
Furthermore, nearly half of the responders emphasize 
following factors: treatment outcomes, Haller index, the 
symmetry of deformity and operators’ experience and 
preference. Only 29.41% considered age as a concerning 
factor. 

Surgical skills and management of complications

Totally 64.12% of the responders never performed an 
osteotomy of the sternum or costal cartilage during PE 
surgery, and only 3.53% do it routinely. Moreover, a 
small number of surgeons performed it under specific 
circumstances: in asymmetric deformity (31.76%), in severe 
deformity (27.06%) and in adults (14.12%).

When coming to talk about the advantage of double 
bar strategy, 91.18% responders think it provides a better 
orthopedic effect, and 49.41% for the prevention of a 
recurrence, 34.12% for the prevention of a bar shifting, 
21.76% for the avoidance of an assisted incision or open 
surgery, 10.00% for less pain. Only 2.94% surgeons refused 
the double bar strategy. As for the short bar strategy, 
advantages are as follows: easier for bar removal (62.94%), 
better cosmetic appearance (35.29%), more stable against 
bar shifting (24.71%), better orthopedic effect (22.94%), 
and 16.47% responders consider it has no advantage.

Dealing with complicated or severe deformities, 84.71% 
of surgeons utilized a double bar or multiple bar strategy 
and 58.24% indicated the usage of a specific individualized 
bar strategy (see Table 2).

The strategies to avoid cardiac injury during the Nuss 
procedure included the assistance with a small sub-xiphoid 
incision (54.12%), intraoperative usage of tunnel scope 
(49.41%), extrapleural bar insertion (45.88%), and so on. 
Moreover, the strategies to avoid an incision infection 
and bar exposure contain: bar embedding beneath muscle 
(90.00%), gasket insertion in one side (50.59), suture 
fixation to rib (48.24%), application of short bar (40.00%), 
etc. Dealing with bar exposure, 54.71% responders 
undertake wound debridement and suture; 53.53% 
undertake regular dressing change, and extract bar at least  
2 years later, etc.

Anesthesia and analgesia for PE surgery

The majority of responders (92.35%) preferred general 
anesthesia combined with intubation in PE surgery, while 
other methods such as intravenous anesthesia combined 

with a laryngeal mask, local anesthesia combined with non-
intubation and epidural anesthesia were seldom used or 
never adopted. As for anesthesia methods adopted in the 
procedure of Nuss bar removal: 72.35% responders choose 
general anesthesia combined with intubation, 49.41% 
intravenous anesthesia combined with a laryngeal mask, 
13.53% Local anesthesia, and 7.06 epidural anesthesia. The 
options of postoperative analgesia methods for PE surgery 
consist of 75.88% oral, 56.47% intravenous pump, 54.12% 
intramuscular or intravenous, 18.24% epidural pump, 
14.71% paravertebral blockage, and 13.53% peripheral 
nerve blockage.

Rehabilitation for PE surgery

For preoperative rehabilitation measures, 21.76% of the 
responders asserted they do not undertake any rehabilitation 
measures. More than half of the responders declared that 
they utilized measures like posture training, deep breathing 
exercise and chest and dorsal muscle exercise, with a 
proportion of 73.53%, 65.88% and 54.12% respectively. 

For  ambula t ion  o f  pa t ient s  a f ter  PE surgery, 
39.41% responders gave their permission on POD 1  
(1st postoperative day), 38.82% on POD 2–3, 14.71% on 
POD 4–5, the left 7.06% on POD 6 or above or after 
discharge. As for non-competitive aerobic exercises, such 
as running, 10.00% responders permitted it within 4 weeks 
after surgery, 10.00% 5–7 weeks, 13.53% 8–12 weeks, 
59.41% 12 weeks and above, and 7.06% think it should not 
be allowed until bar removal.

Discussion

Since the wide adoption of the NUSS procedure, more 
and more patients have received surgery every year, and 
the abundance of different practices of different surgeons 
leads to divergencies in those fields including indications, 
evaluations, surgical skills, anesthesia, rehabilitation, etc.  

As for indications, besides complaints of symptoms, 
a moderate to severe deformity by physical exam, a 
Haller CT index >3.2, pulmonary function deviance and 
cardiology evaluation abnormality, Professor NUSS Donald 
and his colleagues (6) have listed “Poor body image and 
psycho-social maladjustment” as one of their published six 
criteria for patients who are deemed suitable candidates for 
NUSS procedure. In this study, severe social-psychological 
problems from deformity and cosmetic request are 
considered as indications for PE surgery by 89.41% and 
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49.41% of the surveyed cohort. Meanwhile, as for reasons 
of PE patients’ request for surgery in surgeons’ daily 
outpatient, cosmetic request and psychological discomfort 
from deformity together possess the most common reason 
in 72.46% responders. This elucidates that, besides 
physiological factors (shortness of breath, palpitation, and 
so on), psychological factors (body image, discomfort, low 
self-esteem, and so on) play a more and more indispensable 
role in decision making of PE surgery for both surgeons 

and patients. Several studies (7-9) have shown an obvious 
improvement of emotional well-being, self-esteem, 
body image, etc. In this study, 34.71% of the surveyed 
cohort thinks that psychology assessment should also be 
undertaken routinely before surgery. 

There is a controversy in the consideration about 
the timing of surgery. It is still debatable whether the 
patients should receive surgery before adolescence, peri-
adolescence, or after adolescence. It is easy to comprehend 

Table 2 Surgical skills and management of complications

Choices n %

“Dealing with complicated or severe deformity, what skills or strategies will you undertake?”

Application of double bars or multiple bars 144 84.71

Application of specific individualized bar 99 58.24

Application of slanting bar 42 24.71

Application of short bar 11 6.47

Open surgery 35 20.59

Minimal invasive surgery combined with assistance of a small subxiphoid incision 93 54.71

“How to avoid heart injury during Nuss procedure?”

Usage of tunnel scope intraoperatively 84 49.41

Assistance with a small sub-xiphoid incision 92 54.12

Sternal elevation using vacuum bell, etc. 35 20.59

Extrapleural bar insertion 78 45.88

Open osteotomy 7 4.12

“How to avoid incision infection and bar exposure?”

Gasket insertion in one side 86 50.59

No gasket 24 14.12

Bar embedding beneath muscle 153 90.00

Suture fixation to rib 82 48.24

Application of short bar 68 40.00

Application of cosmetic stitches 35 20.59

Application of intradermal suture 27 15.88

“How to deal with bar exposure?”

Regular dressing change, and extract bar at least 2 years later 91 53.53

Bar removal immediately 22 12.94

Usage of VSD drainage 48 28.24

Wound debridement and suture 93 54.71

Considering bar removal or not according to the severity of deformity and bar exposure situation 138 81.18

PE, pectus excavatum; VSD, vacuum suction device.



Shi et al. Surgical management of PE

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(9):202 | http://dx.doi.org/10.21037/atm.2019.05.03

Page 6 of 7

that as patients grow elder, particularly in adults, their chest 
cages become stiffer, which may increase the difficulty of 
PE surgery and diminish the orthopedic effect. However, 
surgery as early as possible is neither advised. Thoracic 
surgeons (10) have noted the flexibility and malleability of 
the chest wall in young children, and they found that too 
early surgery might lead to disturbance in the development 
of children’s chest cages. Besides, Haller and colleagues (11)  
have found the side effects of too early and extensive PE 
surgery in young children, and they recommend a delay 
in operative repair in small children until at least 6 to  
8 years old, with the median age of 14 years. When talking 
about the timing of bar removal procedure, NUSS and his 
colleagues (12) have concluded that: if the bar is removed 
too soon, the recurrence rate will increase; the bar should 
be removed 3 years later in order to gain an ideal recurrence 
rate. In this survey, children under 6 years old are believed 
to be suitable for nonsurgical treatments, such as vacuum 
bell, by 72.94% of the responders. Nearly 2 surgeons out 
of 3 (66.47%) consider the most appropriate age interval to 
undertake PE surgery is 6–12 years old. Moreover, after the 
Nuss procedure, the majority (79.41%) of the responders 
agree on the removal of the bar 2–3 years from surgery.

As previously stated, there have been more and 
more refinements and innovations in the field of the 
NUSS procedure, as a result of the prevalence of the 
NUSS procedure itself. These modifications are mostly 
aimed at minimizing potential complications (13), like 
cardiac injury and bar displacement. The key point to 
prevent cardiac injury is to create a sufficient view of 
substernal space to perform a safe dissection through it. 
Moreover, many manners have evolved, such as usage 
of thoracoscopy, including tunnel scope and bilateral 
thoracoscopy; assistance with a subxiphoid incision (14); 
sternal elevation (15) using vacuum bell, Crane Technique, 
etc. Utilization of stabilizers and fixation techniques (16) 
have helped reduce postoperative bar displacement rate; 
and so does double or multiple bar strategy (17). We find 
that, in our survey, about half of the responders undertake 
cardiac injury prevention strategies including tunnel 
scope, a subxiphoid incision, and sternal elevating means. 
Only 84.71% of the responders agree on the application 
of double or multiple bar strategy when dealing with 
complicated or severe deformity.  

General anesthesia combined with intubation is widely 
considered as a standard maneuver in PE surgery (18), 
and this is confirmed in this survey, with a proportion as 
high as 92.35%. For bar removal procedure, nearly half of 

the responders also list intravenous anesthesia combined 
with the laryngeal mask as an alternative, which is believed 
to be of similar safety and feasibility (19). Varieties of 
postoperative analgesia methods are adopted in both our 
survey and other studies (20-22). 

It is found that postoperative rehabilitation may 
improve postoperative pulmonary function (23), and 
may help adjust postoperatively forced posture, known 
as “round back” (24). It is suggested that (25) we should 
encourage patients’ ambulation on POD 1; and permit non-
competitive aerobic exercises 6 weeks after PE surgery. In 
our survey, preoperative rehabilitation, postoperative early-
stage ambulation and exercises are deemed as necessary 
maneuvers by the majority of the responders. However, a 
divergence exists in aspects like ambulation timing, and this 
may reflect that we lack enough concern for rehabilitation.

This survey provides a time-sensitive perspective of 
clinical practices in PE surgery at the moment. Moreover, 
this “self-report” study bears several limitations. We sent 385 
questionnaires, but retrieved only 170 available feedbacks, 
elucidating a relatively low efficient responding rate. This 
may due to that they were too busy to reply, or they delayed 
their feedback beyond the deadline of 7 days since delivery. 
Meanwhile, the responders cannot represent all surgeon’s 
choice nationwide, for some may conduct tens or hundreds 
of PE surgery yearly while others just several cases. Bias may 
arise in the feedback data of the survey, depending on how 
true and accurate the responders are. This survey cannot 
cover every aspect of PE surgery. Moreover, some questions 
of the questionnaire could be modified to gain more objective 
results. Further studies are needed to establish clinical 
practice guidelines for thoracic surgeons in PE surgery. 

This survey reveals a remarkable consistency of practice 
patterns in several aspects, and the given results can be used 
as evidence in guiding clinical practice in circumstances 
where no evidence of higher levels exists, although 
divergences exist. Future studies, especially randomized 
trials, are needed to establish clinical practice guidelines for 
thoracic surgeons in PE surgery.
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CATS Pectus Excavatum Management Working Group Questionnaire

Attention: be aware of single choice or multiple choices.

1. Your hospital belongs to (in Chinese Hospital Grade System) (Single choice)
A. Grade III hospital
B. Grade II hospital
C. Children specialized hospital
D. Others

2. What is your title by the Chinese physician professional title system? (Single choice)
A. Resident surgeon
B. Attending surgeon
C. Associate chief surgeon
D. Chief surgeon
E. Others

3. What is number of pectus excavatum (PE) surgery or other chest deformities in your department yearly? (Single 
choice)

A. Less than 10 cases
B. 10-30 cases
C. 31-50cases
D. More than 50 cases

4. Which is the most common reason for PE patients’ demands for surgery in your daily work? (Single choice)
A. Complaints of obvious cardiopulmonary symptoms
B. Cosmetic request
C. Psychological discomfort from deformity
D. Recommendation from pediatrician or physician
E. Self-recognition of PE by the means of internet, etc
F. Easily catching a cold or fever

5. Will you perform surgery on mild deformity PE patients for their cosmetic requests? (Single choice)
A. Yes
B. No
C. Depends on real-time circumstances

6. In your opinion, nonsurgical treatments, for example, vacuum bell, are suitable for? (Multiple choices)
A. Children under 6 years old
B. Refuse surgery
C. Mild deformity
D. Symmetric deformity
E. Asymmetric deformity

7. Preoperative evaluation of PE surgery should include? (Multiple choices)
A. Thoracic CT scan
B. X-ray chest radiography
C. Pulmonary function test
D. Electrocardiograph
E. Color doppler echocardiography
F. Psychology assessment
G. 3D printing

Supplementary



8. For 3D reconstruction of chest by CT scan, should it be performed routinely? (Single choice)
A. Yes
B. No

9. What’s your Indications of surgery for PE? (Multiple choices)
A. Cosmetic request
B. Haller index >3.25
C. Abnormal in electrocardiograph (ECG)
D. With mitral valve prolapse
E. Severe deformity
F. Ongoing deterioration of deformity
G. Restricted pulmonary ventilation disorder
H. Severe social-psychological problems from deformity

10. What is the impact of surgery on PE patients accompanied with scoliosis? (Multiple choices)
A. Exacerbation of scoliosis
B. Relief of scoliosis
C. It depends on the severity of scoliosis
D. It depends on the severity of PE deformity
E. It depends on the type of PE deformity
F. It depends on whether patients holding onto the correct postoperative gestures

11. What’s the appropriate age for conducting PE surgery? (Single choice)
A. 3–5 years old
B. 6–12 years old
C. 13–17 years old
D. 18 years old or above

12. What’s your preoperative rehabilitation measure? (Multiple choices)
A. None
B. Deep breathing exercise
C. Chest and dorsal muscle exercise
D. Dietary management
E. Posture training
F. Others

13. Which is your most preferred anesthesia method in PE surgery? (Single choice)
A. Local anesthesia + non-intubation
B. Epidural anesthesia
C. General anesthesia + intubation
D. Intravenous anesthesia + laryngeal mask

14. Which factor will you take into account about adopting open surgery or minimal-invasive surgery? (Multiple 
choices)

A. Age
B. Haller index
C. Symmetry of deformity
D. History of thoracic surgery
E. Operators’ experience and preference
F. Treatment outcomes



15. How to avoid heart injury during Nuss procedure? (Multiple choices)
A. Usage of tunnel scope intraoperatively
B. Assistance with a small sub-xiphoid incision
C. Sternal elevation by means of vacuum bell, etc.
D. Extrapleural bar insertion
E. Open osteotomy

16. Do you perform osteotomy of sternum or costal cartilage routinely?” (Multiple choices)
A. Routinely performed
B. Never
C. In asymmetric deformity
D. In severe deformity
E. In adults

17. Dealing with complicated or severe deformity, what skills or strategies will you undertake? (Multiple choices)
A. Application of double bars or multiple bars 
B. Application of specific individualized bar
C. Application of slanting bar
D. Application of short bar
E. Open surgery
F. Minimal invasive surgery combined with assistance of a small subxiphoid incision

18. What’s the advantage of double bar strategy? (Multiple choices)
A. Better orthopedic effect
B. Less pain
C. Prevention of bar shifting
D. Prevention of recurrence
E. Avoidance of assisted incision or open surgery
F. Refuse double bar strategy

19. What’s the advantage of short bar strategy? (Multiple choices)
A. No advantage
B. Better orthopedic effect
C. More stable against bar shifting
D. Better cosmetic appearance
E. Easier for bar removal

20. When should the bar be removed after the Nuss procedure? (Multiple choices)
A. Less than 2 years from surgery
B. 2–3 years from surgery
C. 4–5 years from surgery
D. More than 5 years from surgery
E. For specific cases, it depends on the real-time situations.

21. Which anesthesia method do you adopt in the procedure of bar removal? (Multiple choices)
A. Local anesthesia
B. Epidural anesthesia
C. General anesthesia + intubation
D. Intravenous anesthesia + laryngeal mask



22. How to avoid incision infection and bar exposure? (Multiple choices)
A. Gasket insertion in one side
B. No gasket
C. Bar embedding beneath muscle
D. Suture fixation to rib
E. Application of short bar
F. Application of cosmetic stitches
G. Application of intradermal suture

23. How to deal with bar exposure? (Multiple choices)
A. Regular dressing change, and extract bar at least 2 years later
B. Bar removal immediately
C. Usage of vacuum suction device (VSD) drainage
D. Wound debridement and suture
E. Considering bar removal or not according to the severity of deformity and bar exposure situation

24. What is your postoperative analgesia method for PE surgery? (Multiple choices)
A. Oral
B. Intramuscular or intravenous
C. Intravenous pump
D. Epidural pump
E. Paravertebral blockage
F. Peripheral nerve blockage

25. When should the patients be allowed for ambulation after PE surgery? (Single choice)
A. Postoperative day (POD) 1
B. POD 2–3
C. POD 4–5
D. POD 6 or above or after discharged

26. When should the patients be allowed for ambulation all by themselves after PE surgery? (Single choice)
A. Within a week after surgery
B. 1–2 weeks after surgery
C. 2 weeks to 1 month after surgery
D. 1–3 months after surgery
E. More than 3 months

27. When should the patients be allowed for non-competitive aerobic exercises (such as running)? (Single choice)
A. Within 4 weeks after surgery
B. 5–8 weeks after surgery
C. 9–12 weeks after surgery
D. 13 weeks and above
E. After bar removal


