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Abstract 

Background Spontaneous pneumothorax is thoracic condition, with annual incidence of 7 to 9 cases per 100,000 
people. Most of thoracic surgeons prefer minimally invasive method that uses staplers to resect bullous parenchyma, 
but this technique is costly. Now, the problem of rising health care costs is faced by all countries all over the world. 
As result, preventing use of disposable consumables in video‑assisted thoracic surgery (VATS) will aid in cost control.

In our study, we described a new cheap technique which was VATS ligation of bullae by silk ligature and we compared 
it to standard technique of using staplers in VATS bullectomy.

Aim of Work We aimed to investigate the results of VATS ligation of bullae by silk ligature in comparison to using 
staplers in VATS bullectomy.

Patient & techniques This was retrospective research done on 120 studied cases at cardiothoracic surgery, 2nd Affili‑
ated Hospital, Harbin Medical University, China and Assiut University Hospital, Egypt from March 2020 to December 
2021.

Results We retrospectively investigate data of 120 patients and there was no variation in patient characteristics 
among VATS bullectomy using staplers and VATS bullae ligation. Air leak duration and post‑operative drainage were 
statistically significant higher in VATS bullectomy using staplers than bullae ligation.

Hospital stay duration (mean = 3.800 ± 1.070 vs 4.917 ± 2.794) and complications were statistically significant higher 
in VATS bullectomy using staplers than thoracoscopic bullae ligation.

Conclusion Treatment of spontaneous pneumothorax by thoracoscopic ligation of bullae by silk ligature is compara‑
ble to VATS bullectomy using staplers in short‑term results and offers less complications and better economic results.
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Background
Spontaneous pneumothorax is  thoracic condition 
with  annual incidence of 7 to 9 cases per 100,000 peo-
ple [1]. After  first episode,  recurrence rate is estimated 
to be twenty three: fifty percent, with  possible increase 
to eighty  percent after  3rd pneumothorax [2]. Because 
of the advantages of video-assisted thoracoscopic sur-
gery:—VATS is regarded  gold standard surgical method 
for therapy of pneumothorax to resect blebs or bullae and 
achieve satisfactory pleurodesis due to reduced postop-
erative pain, shorter duration of chest tube insertion, & 
consequently shorter hospital stay [3].

Numerous methods, such as stapler, laser ablation, 
and endoscopic loop ligation, have been characterized 
[3]. Most of thoracic surgeons prefer minimally invasive 
method that uses staplers to remove bullous parenchyma, 
however this method is costly [4].

Cost-effectiveness is an important issue nowadays 
[5]. Even though endoscopic surgery has several advan-
tages,  requirement for more expensive endoscopic 
consumables is frequently associated with high costs. 
As  result, preventing  use of disposable consumables in 
video-assisted thoracic surgery will aid in cost control [6].

In our study, we described a new cheap technique 
which was thoracoscopic ligation of bullae by silk ligature 
and we compared this technique with using staplers in 
VATS bullectomy.

Methods
Aim of study
We aimed to investigate the results of VATS ligation of 
bullae by silk ligature in comparison to using staplers in 
VATS bullectomy.

Patients and techniques
This was retrospective research done at cardiothoracic 
surgery, 2nd Affiliated Hospital, Harbin Medical Univer-
sity, China and Assiut University Hospital, Egypt from 
March 2020 to December 2021.

Research contained total of 120 studied cases undergo-
ing VATS bullectomy & pleurodesis and divided accord-
ing to procedure done into 2 equal groups Group A: 
-studied cases underwent VATS bullae ligation by silk 
suture. Group B:—patients underwent VATS bullectomy 
using stapler.

No use of low-grade suction in both groups.

Inclusion criteria
All Patients with small bullae undergoing VATS bullec-
tomy by using staplers or VATS bullae ligation and pleu-
rodesis. No age limitation.

Exclusion criteria
Patients with abnormal coagulation profile or taking anti-
coagulants in the preoperative period and patients with 

Fig. 1 VATS bulla ligation technique:‑. A Grasping bulla by lung grasping forceps. B Advancing a silk suture (size 1) below the clamp and ligate the 
silk suture by knot Pusher. Another silk suture can be ligated below the first for confirmation. C Cauterize the bulla by hook diathermy. D Apical 
pleural abrasion for pleurodesis via diathermy scratch pad over a long clamp
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large bulla occupying most of the lobe who needed ana-
tomical lobectomy Figs. 1 and 2.

Study tools
All studied cases were submitted to following
Preoperative Data Full history taking, clinical test, 
laboratory investigations (e.g.:—complete blood picture 
(CBC), prothrombin time, liver function test (LFTs) and 
renal function test (RFTs), radiological examination (CT 
chest).

The following parameters were assessed
Intraoperative
The operative time, bleeding during surgery, location 
of bulla, and technique of surgery (Ligation or sta-
pling) and type of pleurodesis (pleurectomy or pleural 
abrasion).

Postoperative
Post-operative chest tube drainage, post-operative air 
leak duration and hospital stay duration.

Follow up of patients for 6 months for recurrence at the 
same side (Follow up performed by phone contact with 
patients and/or family members.

Ethical Approval
Research was accepted by Ethics Board of South Valley 
university (Code:—SVU-MED-CTS012-2–20-2–28).

Statistical analysis design
Collected data was reviewed, & coding was done manu-
ally. These numerical codes were fed into  computer, 
which performed statistical analysis using Statistic Pack-
age for Social Science Version twenty two for Windows.

Results
We investigated patient’s records of 120 patients in our 
study (94 male patients and 26 female patients) and 
divided into two equal groups (ligation and stapling) 
with mean age 29.7 in ligation group and 32.9 in sta-
pling group.

Positive history of smoking was found in 89 patients 
while 31 patients were never smoker.

Dyspnea was the main complain (45 patients), fol-
lowed by chest pain (44 patients) or both (31 patients). 
Patient were diagnosed as primary (52 patients) and 
secondary (68 patients) spontaneous pneumothorax.

Pneumothorax was in the right side (63 patients), in 
the left side (37 patients) or bilateral (20 patients) as 
shown in Table 1.

Fig. 2 VATS bullectomy by stapler technique:‑. A Breaking the adhesion and freeing of lung from chest wall. B Grasping bulla by lung grasping 
forceps and putting the stapler below the bulla. C Firing the stapler and exploring the stapler line for air leak and bleeding. D Apical pleural abrasion 
for pleurodesis via diathermy scratch pad over a long clamp. Some patients (26.7%) were done by pleurectomy
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There is no statistically significant difference in 
patient characteristics and clinical data between VATS 
bullectomy using staplers and VATS bullae ligation.

Operation duration and intra-operative bleed-
ing are statistically significant higher in VATS bul-
lectomy using staplers than VATS bullae ligation 
with a mean of 41.000 ± 8.772  min in ligation group 
compared to 92.383 ± 39.173  min in stapler group 
and 26.500 ± 12.048  ml. intraoperative bleeding in 

ligation group compared to 80.083 ± 31.075 ml. in sta-
pler group.

VATS wedge resection was performed in 56.7% of 
patients who were operated by stapler in comparison to 
none of patients operated by ligation. Pleurectomy was 
done in 26.7% of patients who were operated by staplers 
in comparison to none of patients operated by ligation as 
shown in Table 2.

Air leak duration and post-operative drainage 
are statistically significant higher in stapler group 

Table 1 Comparison of the patient characteristics and clinical data between VATS bullectomy using staplers and VATS bullae ligation

P-value > 0.05: Non-significant, P-value < 0.05, Significant, P-value < 0.01: highly significant
* : Chi-square test, • independent student t test

Ligation Staplers t/x2 P-value Sig
No. = 60 No. = 60

Age (years) Range 14 – 54 15 – 65 ‑1.619• 0.108 NS

Mean ± SD 29.700 ± 10.582 32.900 ± 11.060

Median [IQR] 27 [17.50] 31.5 [17.25]

Sex Male 44 (73.3%) 50 (83.3%) 1.768* 0.184 NS

Female 16 (26.7%) 10 (16.7%)

Smoking No 17 (28.3%) 14 (23.3%) 0.391* 0.532 NS

Yes 43 (71.7%) 46 (76.7%)

Complaint Dyspnea 20 (33.3%) 25 (41.7%) 0.937• 0.626 NS

Chest pain 23 (38.3%) 21 (35%)

Both 17 (28.3%) 14 (23.3%)

Diagnosis 1ry spontanous. Pneumothorax 24 (40%) 28 (46.7%) 0.543* 0.461 NS

2ry spontanous pneumothorax 36 (60%) 32 (53.3%)

Side of pneumothorax Right 31 (51.7%) 32 (53.3%) 2.492* 0.288 NS

Left 16 (26.7%) 21 (35%)

Bilateral 13 (21.7%) 7 (11.7%)

Number of bullae 1 36 (60%) 30 (50%) 5.497* 0.139 NS

2 15 (25%) 26 (43.3%)

3 6 (10%) 3 (5%)

4 3 (5%) 1 (1.7%)

Table 2 Comparing of operative details between VATS bullae ligation and VATS bullectomy using staplers

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: highly significant
* : Chi-square test, • Mann Whitney test

Ligation Staplers t/ × 2 P-value Sig
No. = 60 No. = 60

Type of operation VATS wedge resection 0 (0%) 34 (56.7%) 47.442  < 0.0001 HS

VATS bullectomy 60 (100%) 26 (43.3%)

Type of Pleurodesis Pleural abrasion 60 (100%) 44 (73.3%) 18.642  < 0.0001 HS

Pleurectomy 0 (0%) 16 (26.7%)

Operation duration (min) Range 30 – 60 30 – 180 ‑8.437•  < 0.0001 HS

Mean ± SD 41.000 ± 8.772 92.383 ± 39.173

Median [IQR] 40 [20] 90 [60]

Intra-operative bleeding (ml) Range 10 – 50 40 – 150 ‑8.893•  < 0.0001 HS

Mean ± SD 26.500 ± 12.048 80.083 ± 31.075

Median [IQR] 20 [10] 75 [50]
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than ligation group with a mean air leak duration 
of 1.700 ± 0.808  days in ligation group while it was 
2.700 ± 2.234  days in stapler group. Hospital stay dura-
tion is statistically significant higher in VATS bullectomy 
using staplers (4.917 ± 2.794  days) than ligation group 
(3.800 ± 1.070 days) as shown in Table 3.

No patient was complicated with post-operative infec-
tion in both groups.

The cost and postoperative air leak duration have sta-
tistically significant positive correlation with operative 
bleeding, operative air leakage, and hospital stay duration. 
as shown in Figs. 3, 4.

Table 3 Comparison of the post‑operative details between VATS bullae ligation and VATS bullectomy using staplers

P-value > 0.05: Non-significant, P-value < 0.05: Significant, P-value < 0.01: highly significant

• Mann Whitney exam

Ligation Staplers T P-value Sig
No. = 60 No. = 60

Air leak duration (day) Range 1 – 3 1—15 ‑2.890• 0.004 HS

Mean ± SD 1.700 ± 0.808 2.700 ± 2.234

Median [IQR] 1 [1] 2 [2]

post-operative drainage (ml) Range 10 – 200 25—700 ‑6.227•  < 0.0001 HS

Mean ± SD 73.167 ± 49.753 225.667 ± 159.316

Median [IQR] 50 [75] 200 [243.75]

Hospital stay duration (day) Range 2 – 6 2 – 19 ‑2.033• 0.042 S

Mean ± SD 3.800 ± 1.070 4.917 ± 2.794

Median [IQR] 4 [2] 4 [3]

Cost of stay (L.E) Range 350 – 1400 700 – 6800 ‑5.19•  < 0.001 HS

Mean ± SD 962.5 ± 326.2 1688.33 ± 980.8

Median [IQR] 1050 [700] 1400 [1050]

Total Cost (L.E) Range 3900 – 4950 10,200 – 18,300 ‑9.493•  < 0.001 HS

Mean ± SD 4498.17 ± 338.4 12,106.5 ± 1572.5

Median [IQR] 4550 [700] 11,950 [1840]

Fig. 3 Relationship among postoperative leak duration & hospital stay duration
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Discussion
In this study investigating 120 patients with pneumotho-
rax who required surgery and divided into two groups 
according to type of thoracoscopic surgery they had, there 
is no important variation in patient characteristics among 
VATS bullae ligation and VATS bullectomy using staplers.

There is only one previous research which investigate 
results of VATS ligation of bullae by silk ligature in com-
parison with using staplers in VATS bullectomy.by Mo 
et al. [7] as they used hand ligation of blebs under bipor-
tal video-assisted thoracoscopic surgery or bullectomy 
with staplers below  triportal video-assisted thoraco-
scopic surgery on sixty six consecutive studied cases with 
primary spontaneous pneumothorax. There was no sta-
tistically important variation among VATS bullae ligation 
and VATS bullectomy using staplers as regard age, sex, 
smoking, diagnosis, side of pneumothorax and number 
of bullae.

In contrary to Mo et  al., we included in our study all 
patients diagnosed with primary and secondary sponta-
neous pneumothorax and VATS bullectomy was done by 
uniportal and multiportal VATS.

Our study was in line with Mo, 2019 [8] 1) recurrent 
ipsilateral pneumothorax; 2) prolonged air leak over four 
days in 1st  episode of pneumothorax; 3) visible large 
bullae > ten mm in diameter on chest CT; 4) bilateral 

pneumothorax in 1st episode; & 5) presence of contralat-
eral pneumothorax.

In addition, Ansheng et  al. [6]  report 84 cases of 
spontaneous pneumothorax treated by thoracoscopic 
surgery, including 54 cases with biportal thoracoscopic 
bulla ligation (experiment group), and 30 cases with 
triportal thoracoscopic bulla cutting and suture wedge 
resection. case (control group). There was no variation 
in clinical effects among 2 groups (P > 0.05).

The current study showed that operation duration 
and intra-operative bleeding are statistically significant 
higher in VATS bullectomy using staplers than VATS 
bullae ligation that could be attributed to:—(1) Car-
tridges of stapler may involve more lung tissue than 
ligation, which subsequently increase air leak dura-
tion. (2) Pleurectomy was done in 26.7% of patients 
who were operated by staplers in comparison to none 
of patients operated by ligation and this might affect 
the amount of bleeding. (3) VATS bullectomy using sta-
plers was done by multiple surgeon at different levels of 
learning curve. Those three causes may explain increas-
ing in the operative duration, intra-operative bleeding 
and post-operative drainage in stapling group. VATS 
wedge resection was performed in 56.7% of patients 
who were operated by stapler in comparison to none of 
patients operated by ligation.

Fig. 4 Relationship among postoperative leak duration & operative drainage
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In contrary to our results the research of Mo et al. [7] as 
they described that there was no variation in operating 
time among the two groups which might be attributed to 
the fact that all patients were operated on the same insti-
tute with the same surgical team.

In the study of Addas et  al. [8] Bullectomy & pleu-
rectomy were performed on all studied cases. Bullec-
tomy was done on all studied cases, even those who 
did not have blebs or bullae; wedge resection of upper 
lobe apex was also done. There were no unpleasant 
occurrences. Blebs &  bullae were discovered in 112 
(83.5percent) of studied cases. Average blood loss was 
less than one hundred mL in 129 (ninety six percent) 
of cases which was similar to current study as patients 
in both groups did not exceed 100  ml intraoperatively 
(26.500 ± 12.048 in ligation group and 80.083 ± 31.075 
in stapler group). All cases in the Addas et al. series had 
satisfactory air leak testing prior to closure.

Furthermore, Chen et al. [9] mean operative duration 
for non-simultaneous & simultaneous  processes was 
(45.6 ± 18.3) min (range twenty five ~ ninety six min) & 
(120.6 ± 28.7) min (range 84 ~ 166 min).

In the study in our hands, air leak duration and post-
operative drainage are statistically significant higher in 
VATS bullectomy using staplers than VATS bullae liga-
tion. Hospital stay duration is statistically significant 
higher in stapler group than ligation group.

However, research of Mo et  al. [7]  there was no dif-
ference among both studied group as regard chest tube 
drainage (mL), Postoperative drainage duration, air leak 
duration. They discovered significant decrease in post-
operative costs for hand ligation of blebs when com-
pared to method of bullectomy with stapler.

In the study of Mo, [8]  mean time of postoperative 
hospital stay was 4.65 ± 1.47 days.

According to Puri et  al. [10]  Mean duration to 
removal of chest tubes was four days (two-twelve days). 
Mean hospital stay was 3.83 days (two-nine days).

Furthermore, Ansheng et al. [6] revealed that the hos-
pitalization expenses of experimental group were lower 
than those of control group [(16 747.30 ± 2 586.41) 
yuan vs (21 088.54 ± 6 005.68) yuan, P < 0.05] and was 
in agreement with our study which revealed that cost 
of stay are statistically significant higher in VATS bul-
lectomy using staplers than ligation group with a mean 
of 962.5 ± 326.2 L. E in ligation group compared to 
1688.33 ± 980.8 L.E in stapler group. Also, total cost 
are statistically significant higher in VATS bullectomy 
using staplers than VATS bullae ligation with a mean 
of 4498.17 ± 338.4 L.E in ligation group compared to 
12,106.5 ± 1572.5 L.E in stapler group.

Our outcomes showed that complications are sta-
tistically significant higher in VATS bullectomy using 

staplers than VATS bullae ligation. The cost and post-
operative leak duration has statistically significant posi-
tive correlation with operative bleeding, operative air 
leakage, and hospital stay duration.

Our outcomes were reinforced by research of Mo 
et  al. [7]  because they showed no variation  in recur-
rence among 2 groups there was no need for open sur-
gery in either group, & there were no problems. In Mo 
et  al. series,  follow-up period ranged from twenty 
seven  to 1,060  days, & 6 studied cases  experienced 
recurrence, but we follow up patients for 90  days and 
we report less than 2% recurrence rate.

Also, Puri et al. [10] revealed that there were no post-
operative complications. Average duration of follow-
up was 25.05  months (six-sixty  months). The overall 
problem rate was 3.6percent (n = four) with recurrence 
occurring in 2.7percent (n = three) of cases.

Also our study did not include postoperative follow 
up CT scans, we report less recurrence rate compare 
to Choi et  al. who conduct a metanalysis [11]  twenty 
one  (24.7percent) of eighty five CT scans tested  were 
diagnosed with recurrent pneumothorax, & sixty  new 
bullae were discovered. In total, thirty nine  new bul-
lae were discovered in  staple line, thirty eight at other 
locations far from  staplers, & seventeen  in both  sta-
pling & non-stapling areas at  same time. Following 
VATS, group with new bullae in staple line had signifi-
cantly higher recurrence rate than  group without new 
bullae in staple line (P = 0.000, log-rank test).

Our method required no expensive endoscopic sup-
plies & only 2 incisions. Thereby, method may have fol-
lowing potential benefits: (I) lowering hospital costs; 
(II) ligation is simple &  reliable technique of tying 
knots; (III) technique  is simple to master; (V)  lower 
rate of recurrence in short term results; &  (VI) bleb 
ligation may be faster &  more effective than wedge 
resection. Method used for biportal thoracoscopic sur-
gery is more limited than endoscopic stapling devices, 
& potential long-term disadvantages of this method are 
unknown.

Conclusions
Treatment of spontaneous pneumothorax by thoraco-
scopic ligation of bullae by silk ligature is comparable 
to VATS bullectomy using staplers in short-term results 
and offers less complications and better economic 
results. Nonetheless, this technique’s experience is lim-
ited to short-term results. It is critical that additional 
study affirmed long-term advantages of this method.

Abbreviations
VATS  Video‑assisted thoracoscopic surgery
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CBC  Complete blood count
RFTs  Renal function tests
LFTs  Liver function tests
ICU  Intensive Care Unit
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