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진공벨을 이용한 오목가슴의 치료효과 분석



 What will you do?
 13 years old
 pectus excavatum started 1year ago



History of Vacuum bell

 Vacuum bell therapy (VBT) was initially described over 100 years 
ago by Lange in 1910.

Lange F. Thoraxdeformit7ten. In: Pfaundler M, Schlossmann A, editors. Handbuch der 
Kinderheilkunde, vol V. Chirurgie und Orthop7die im Kindesalter, vol. V. Leipzig7 FCW 
Vogel; 1910. p. 157.

 Clinical application had not been popular until the engineer E. 
Klobe, who suffered from PE, developed a new device in 1992.
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Types of Vacuum bell





How to apply vacuum bell 



Vacuum bell 
therapy for 
pectus 
excavatum, early 
experiences (1) 



Vacuum bell 
therapy for 
pectus 
excavatum, early 
experiences (2) 



How could we expect appropriate 
treatment results from Vacuum bell device 
in Pectus excavatum patients

Measurement of Expected changes

Non-enhance chest CT
Before and after applying vacuum bell

Haller Index

 Sternal depths (Sternal Flexibility)
Initial

5-minutes after 30-minute application of  VB



Expected changes in HI Sternal Flexibility 



Finding 
appropriate 
candidates 
for Vacuum 
bell therapy



Calculating Expected 
changes in HI 

For Surgery 

For Vacuum bell

Pre-treatment Post-treatment; immediate changes



Measuring 
treatment 
outcomes

For Surgery group

Initial After surgery 1-year after Bar removal



Measuring 
treatment 
outcomes

For Vacuum 
bell group

Initial 1-year after VB application



Follow-up; Vacuum bell vs Surgery



How could we expect appropriate 
treatment results from Vacuum bell device 
in Pectus excavatum patients

 Between January 2016 and December 2019

 Retrospective review of Clinical data

 Enrolled patients categorized into 2 groups
Maintained Vacuum bell therapy more than 1-year 
According to the median value of changes in Haller index (0.5)

Group 1 (33); Changes in Haller index (HI) <0.5
Group 2 (30); Changes in HI ≥0.5

Yi, E., Lee, K., Jung, Y., Chung, J. H., Kim, H. S., Lee, S., & Ahn, H. (2021). Finding suitable candidates 
for vacuum bell therapy in pectus excavatum patients. Scientific Reports, 11(1), 22787.



Methods 

 Expected changes of 
thoracic indices
∆HI, ∆CI, and ∆AI from pre-

treatment chest CT

Sternal depths were measured 
every 3-month

 Treatment efficacy after 1-
year treatment
Changes in HI using chest X-ray

Complication rates

Figure 2. Measurement of AI and CI chest CT (a) Measuring AI before 
applying vacuum bell (VB) device (b) Measurement of AI during 
application of a VB device: Assessments were performed using the 
chest CT slice as that used before. AI=R/L. (C) Measuring CI before and 
(d) after applying a VB device. CI = ([AP max]-[Ap min])/[AP max]). 



Figure 3. Evaluation of treatment 
outcomes after 1 year of vacuum 
bell (VB) application. Pictures and 
chest radiographs were taken from a 
17-year-old male patient just before 
starting treatment (a, b, e, f) and at 
1 year after VB therapy (c, d, g, and 
h). (a) Anterior view before VB 
application; (b) lateral view before 
VB application; (c) anterior view at 1 
year after treatment; (d) lateral view 
at 1 year after treatment; (e) 
anteroposterior view on chest 
radiographs taken before starting 
therapy; (f) lateral view before 
starting therapy; (g) anterolateral 
view after 1 year of treatment; and 
(h) Lateral view after 1 year of 
treatment.

Measurement of changes in HI after 
1-year treatment 



Data

 Mean Treatment periods; 
21.6 months (±7.30, 
ranging 12.1 to 41.8 
months)

 Mean age at the 
beginning of therapy; 
15.4 (±36.23, ranging 8 to 
45)
Group1; 16.0 (±7.54, 

ranging 8 to 45)

Group2; 14.2 (±4.18, 
ranging 9 to 34)

 Men: Women =61:2

Table 1. Basic Patient Characteristics



Variables
Group 1 (N=33) Group 2 (N=30) Total (N=63)

p-value
mean±sd. (95% CI) mean±sd. (95% CI) mean±sd. (95% CI)

Haller Index

Pre-treatment

CXR 3.1±0.46 (2.2–8.3) 4.2±1.14 (3.0–8.3) 3.6±1.00 (2.2–8.3) <0.001

Chest CT

Without VB application 3.2±0.79 (2.2–6.7) 4.2±1.16 (2.9–8.5) 3.7±1.10 (2.2–8.9) <0.001

With VB application 2.8±0.54 (2.1–5.2) 3.3±0.60 (2.2–4.5) 3.0±0.61 (2.1–5.2) 0.001 

(Expected HI)

Changes in AP diameter (mm) 9.3±5.48 (1.2-21.7) 15.0±6.80 (2.4–28.2) 12.0±6.72 (1.2–28.2) 0.001 

Changes in AP diameter (%) 12.7±8.23 (9.8-15.6) 27.6±19.82 (20.1-35.0) 19.8±16.57 (15.6-23.9) <0.001

Post-treatment (CXR)

1-year FU 2.9±0.46 (2.0–3.9) 3.2±0.93 (2.4–6.8) 3.1±0.73 (2.0–6.8) 0.292 

Asymmetry Index

Without VB application 1.00±0.780 (0.84–1.21) 0.97±0.638 (0.85–1.12) 0.98±0.719 (0.84–1.21) 0.366 

With VB application (Expected) 1.00±0.061 (0.89–1.11) 0.97±0.079 (0.82–1.15) 0.98±0.071 (0.82–1.15) 0.228 

Correction Index

Without VB application 0.14±0.826 (0.00–0.38) 0.23±0.125 (0.03–0.49) 0.18±0.114 (0.00–0.49) 0.003 

With VB application (Expected) 0.14±0.826 (0.00–0.23) 0.15±0.125 (0.00–0.59) 0.10±0.106 (0.00–0.59) 0.001 

Changes in HI

Pre-post VB application 0.39±0.308 (0.02–1.53) 0.97±0.782 (0.28–4.37) 0.67±0.648 (0.02–4.37) <0.001

After treatment 0.18±0.197 (0.25–0.46) 0.93±0.400 (0.50–2.08) 0.54±0.487 (0.25–2.08) <0.001

Depth of PE (cm)

Initial 2.3±1.14 (0.0–6.2) 2.7±0.92 (0.0–4.3) 2.4±1.06 (0.0–6.2) 0.021 

5-minute After VB application 1.9±0.80 (0.0–3.7) 2.2±0.89 (0.0–3.7) 2.0±0.85 (0.0–3.7) 0.088 

3-month FU 2.0±0.76 (0.0–3.5) 2.3±0.84 (0.0–4.0) 2.2±0.81 (0.0–4.0) 0.030 

6-month FU 1.9±0.82 (0.0–3.4) 2.2±0.80 (0.0–3.5) 2.0±0.83 (0.0–3.5) 0.053 

1-year FU 1.6±0.92 (0.0–3.2) 2.0±0.81 (0.0–3.2) 1.8±0.88 (0.0–3.2) 0.061 

Changes after treatment 0.67±1.002 (-1.50–3.10) 0.66±0.838 (-2.40–2.50) 0.67±0.921 (-2.40–3.10) 0.957 

1-year changes after treatment (%) 32.6±33.44 (19.9-45.3) 27.7±23.05 (18.8-36.7) 30.2±28.66 (22.6-37.8) 0.665 

Table 2. 
Thoracic 
indices 
before and 
after 
vacuum bell 
therapy



Table 3. 
Application of 
Vacuum bell 
therapy and 
complications

Variables
Group 1 (N=33) Group 2 (N=30) Total (N=63)

p-value
mean±sd. (95% CI) mean±sd. (95% CI) mean±sd. (95% CI)

Vacuum bell application duration (Hour) 0.669 

0.5 3 (9.1%) 4 (13.3%) 7 (11.1%)

1 25 (75.8%) 20 (66.7%) 45 (71.4%)

2 5 (15.2%) 5 (16.7%) 10 (15.9%)

3 0 (0.0%) 1 (3.3%) 1 (1.6%)

Vacuum bell application frequency (per d
ay)

0.671 

1 11 (33.3%) 12 (40.0%) 23 (36.5%)

2 17 (51.5%) 13 (43.3%) 30 (47.6%)

3 4 (12.1%) 5 (16.7%) 9 (14.3%)

4 1 (3.0%) 0 (0.0%) 1 (1.6%)

Vacuum bell size 0.487 

1 5 (15.2%) 7 (23.3%) 12 (19.0%)

2 22 (52.4%) 20 (66.7%) 42 (66.7%)

3 4 (57.1%) 3 (10.0%) 7 (11.1%)

4 6 (6.1%) 0 (0.0%) 2 (3.2%)

Complications 0.457 

Chest tightness 1 (3.0%) 1 (3.3%) 2 (3.2%)

Skin erosion 1 (3.0%) 2 (6.7%) 3 (4.8%)

Skin erythema 0 (0.0%) 1 (3.3%) 1 (1.6%)

Follow-up BMI 19.5±2.25 (18.6-20.5)
18.0±5.46 (15.9-20.0

)
18.7±4.29 (17.6-19.9

)
0.390 

Poor compliance 6 (18.2%) 5 (16.7%) 11 (17.5%) 1.000 



Figure 5. Distribution of depth of pectus excavatum (PE) according to the treatment periods. The initial mean depth was 2.4±1.06cm (range, 0.0–6.2), 
and the depth at 5 minutes after vacuum bell application was 2.0±1.06cm (range, 0.0–3.7). The actual changes in depth of PE after 1 year of treatment 
was 0.67±1.06cm (range, -2.4–3.10), which was not significantly different between Group 1 and Group 2. The changes in the depth of PE appeared to 
not be predictive factors of treatment outcomes; the graph could suggest the possible trends in sternal depth after applying a vacuum bell device.

Trends of Changes in Sternal Depth



Results

 Short-term treatment result of Vacuum bell therapy seemed safe and 
feasible. 
With minor complications 
4 cases of skin erosion and 2 cases of chest discomfort

 Expected improvements in HI as well as CI based on pre-treatment 
chest CT after applying a vacuum bell device could be used in 
predicting treatment efficacy. 

 Patients who showed pliability with vacuum bell devices before 
starting treatment could be identified as suitable candidates.

 Poor compliance (11 cases, 17.5%) could be problem for appropriate 
evaluation of treatment.



Case 1; M/10Y,
VB application for 9-month



Case 2; M/18
VB application for 4Y 7months



HI before applying VB; 3.8 HI after applying VB; 3.4

Pre-treatment measurement of HI 



Case 3; F/9
VB application for 9-month



Case 4; M/14

 Symmetric 

 Initial sternal depth; 4cm

 Post VB; 2.8cm

 18-month FU; 2.5cm



HI before applying VB; 4.3 HI after applying VB; 3.2

Pre-treatment measurement of HI 



2017 vs 2019; Chest X-ray



2017 vs 2019; Chest CT

HI before applying VB; 4.3 HI after applying VB; 5.0



Post bar insertion/post bar removal

HI during bar insertion; 2.6 HI after bar removal; 2.8



HI; 2.6

1-year FU HI; 2.8



Case 5 M/13

 Onset; 10세

 Symmetric depression

 Initial sternal depth; 2.2cm

 Post VB; 1.8cm

 Initial treatment plan; Op rec

 18-month FU; 2.0cm 



HI before applying VB; 3.5 HI after applying VB; 3.0

Pre-treatment measurement of HI 



Initial (2017) vs 2020

HI 3.5 HI 3.4



FU loss; 2023.07 수술예정

HI; 4.1, Sx.(+); palpitation HI before applying VB; 3.5

2023 2017





Case 6; M/15

 Onset; 초 6

 Initial sternal depth; 3.2cm

 Post VB; 2.9cm

 Initial treatment plan; Op rec

 18-month FU; 2.6cm 



HI before applying VB; 3.4 HI after applying VB; 3.0

Pre-treatment measurement of HI 



Initial

Post Vacuum bell



2018 vs 2020

HI; 3.4



Case 7; M/11

Asymmetric

 Initial sternal depth; 2.5cm

 Post VB; 2.0cm

 18-month FU; flat



HI before applying VB; 2.8 HI after applying VB; 2.4

Pre-treatment measurement of HI 



2019   

HI 2.7



Clinical outcomes

 Schier et al. published short-term results of VBT on 60 patients in 
2005 and about 20% were “corrected” after 5 months of treatment 

 In 2011, Dr. Haecker published the first longer-term report 
demonstrating similar results with close to 13.5% being “corrected” 
after 18 months of VBT 

More recently in 2015 Lopez et al. reported a 31.5% rate of 
“correction”, increasing to 37.5% when looking at a pediatric 
subgroup

 Complete “correction” of PE via VBT has been reported in the 
literature to range from 13.5–37.5%



Surgery after 
failed Vacuum 
bell therapy





Conclusion

 Proper candidates
Under 18 (≥ 12)

Flexible chest

Good compliance

Min 30min BID to 2 hours

Min 1-year 

 Clinical outcomes
Improvement; first a few 

months after start

Complete correction rates; 
13~37%

Cx.; erythema, hematoma, rash, 
skin breakdown



Thank you for attention !!




