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Frequent 

Prolong the hospital stay

Increase the hospital costs

Increase the risk of complications

AIR LEAKS



Frequency & Duration of air leaks

Okereke I, et al. Ann Thorac Surg 2005



Air leaks prolong hospital stay

Varela G, et al. Eur J Cardiothorac Surg 2005



Air leaks & costs

Setting: 
Daily hospital charge 623€
Pharmacy charges 17€ (complicated pts) and 8€ (non comp licated pts)

TOTAL EXPENSE FROM PAL (238 lobectomies over 2 years): 3 9,500€



Air leaks & complications

Okereke I, et al. Ann Thorac Surg 2005



Prevention & Treatment of Air Leaks

Pre-operative:
1) Optimization COPD treatment
2) Steroids tapering

Intra-operative:
1) Technique
2) Buttressed staple lines
3) Sealants
4) Pleural tent (upper lobes)
5) Pneumoperitoneum (lower lobes)

Post-operative:
Pleurodesis – Blood patching
Chest tubes managementChest tubes management



Chest tubes: The Caveats

Suction improves the apposition of the visceral and 
parietal pleurae, facilitating sealing of air leaks

Suction increases the air leaking from the 
parenchyma, hindering the sealing process

Water seal allows patients to ambulate early and 
more freely  



Suction & Air Flow

Manzanet G, et al. Chest 2005



Suction & Air Flow

Anegg U, et al. EJCTS 2006



Water Seal fails in 35% of pts with air leak > 3
and in 71% of those with AL > 3 + PNX > 8 cm



Water Seal versus Suction: 
the historical perspective

140 patients – W, S, L. Suction until POD#2 then randomization:
-20cmH2O suction group (15 with AL): on POD#3 14 still with AL
Water Seal group (18 with AL): on POD#3 only 6 with AL

Large leaks will not stop on WS and Pneumothorax may occur

Large leaks on POD#1 (>5/7) will last > 6 days 
despite chest tube settings



68 patients – W, S, L. Randomization in the recovery ro om

0.24.711.1Stay

0.063.35.5Tube days

0.051.53.3Air leak 
days

P-valueWater Seal 
(34, 15 AL)

-20cmH2O 
suction 

(34, 15 AL)



328 patients- W, S, L, VATS. 
Randomization by minimization on POD#0:

Suction (116) PAL > 6 days 8%
No Suction (123) PAL > 6 days 10%

No difference in air leak persistence by the Log rank test



145 Lobectomy pts with AL on POD#1 randomized:
-20cmH2O Suction                      Water Seal

AL days                  6.3                                    6.5
Tube days             10.3                                      11.5
Stay days              11.6                                     11.5
PAL%                    28%                                     30%

55% of AL in both groups stopped by POD#4

In WS group increased incidence of complications: 32% vs. 18%, p=0.056
(Pneumonia 14% vs. 7%; Arrhythmia 14% vs. 5.5%)



Rationale for Alternate Suction

To recruit the advantages of both water seal 
and suction:

1) Moderate suction (-10 cmH2O) at night to 
promote pleural apposition

2) Water seal during the day to allow for 
patients mobilization and reduce the 
volume of air leaking from the parenchyma



Objective:
To compare a combined modality of chest 

tube management to water seal alone 
in a randomized group of patients 

submitted to lobectomy



Patients & Methods

194 patients submitted to LOBECTOMY 
from April 2003 through December 2004

Exclusion criteria: Chest wall resection, 
bronchoplastic procedures, mechanical 
ventilation

Operations: performed by certified thoracic 
surgeons through muscle sparing 
thoracotomy. Staplers used in 85% of 
cases to develop incomplete fissures.



Intraoperative Air Leak 
preventive measures

- After reinflation, air leaks were identified by 
submerging the lung in sterile water and sutured

- Pleural tent performed in upper resections

- No sealants or buttressed staple lines

- 2 chest tubes (apex and base)



Protocol of the study (1)

All patients on -10cmH2O suction until the morning 
of POD#1

On POD#1, randomization of pts with air leak only

Group 1: Water seal 24 hours a day

Group 2: -10cmH2O suction overnight and water 
seal during the day (Alternate Suction)



Protocol of the study (2)

Air leaks checked twice daily during morning 
and evening rounds

Chest tube removal when: 
effusion < 200 mL/day and no air leak (after 

24 hrs clamp)

PAL definition: air leak longer than 7 days



Statistical Analysis

Sample size set to obtain a statistical power of 
0.99 for detecting an expected difference in air 
leak duration of 2 days with a 2-tailed 
significance level of 0.05.

Simple unrestricted randomization was used to 
allocate patients (computerized random number
generator)

Preoperative, operative and postoperative 
characteristics were compared by means of the 
Student’s t test or the Mann-Whitney test 
(numerical variables), and by the � 2 test or the 
Fisher’s exact test (categorical variables)



Results (1)

94 patients with air leak on POD#1 were 
randomized in the 2 groups.

The 2 groups (Alternate Suction & Water Seal) 
were well matched for preoperative (age, gender, 
FEV1, FVC, FEV1/FVC ratio, RV/TLC ratio, 
DLCO, ppoFEV1, PaO2, PaCO2, Hb, Albumin,  
pack-years, chemotherapy) and operative 
characteristics (side and site of resection, pleural 
adhesions, stapled parenchyma length).



Results (2)

0.510 (21%)13 (28%)Other complications (n,%)

0.004810.4Postop stay (days)

0.022 (4%)9 (19%)PAL > 7 days (n,%)

0.0048 (17%)17 (36%)PAL > 4 days (n,%)

0.0026.28.6Chest tube days

0.33.14.2Air leak days

p valueALTERNATE SUCTIONWATER SEALVARIABLES



Modeling the risk of PAL

Model for PAL > 4 days: 
ln R/1-R= 0.9 – 0.036XppoFEV1 +0.771X pl. adhesions

Model for PAL > 7 days:
ln R/1-R= 0.374 -0.036XppoFEV1 +1.023X pl. adhesions



Predicted versus Observed incidence
of PAL > 4 days (506 lobectomies from 2000)

0.80.230.22158Suct

0.60.1950.21164WS

0.010.140.21184AS

p-valueObs. PAL Pred PALn. CasesTube mode



Predicted versus Observed incidence
of PAL > 7 days (506 lobectomies from 2000)

0.40.180.16158Suct

0.20.120.15164WS

0.00080.080.15184AS

p-valueObs. PAL Pred PALn. CasesTube mode



Plot of predicted vs. observed PAL in pts. 
with Alternate Suction



Expected vs. observed postoperative costs by using a risk-
adjusted economic model in pts with air leak on POD#1

0.24,836€4,796€96Suct

0.02429 €4,607€5,036€78WS

<0.00011013 €3,694€4,707€106AS

p-valueSavingObs. 
costs

Pred. 
costs

n. casesTube 
mode

Total savings derived from AS with respect to predicted costs:
107,378 €



Conclusions

Alternate Suction reduces the 
incidence of prolonged air leaks, 

the duration of chest tubes, 
the hospital stay, and costs 

compared to Water Seal or Suction.



Unanswered Questions

• In which pts is suction optimal?
• Should air leak be handled the same in pts undergoing 

different operations (W,S,L)?
• What is the optimal amount and duration of suction?
• How would an alternating regimen optimize the healing 

of air leaks?
• What is the most appropriate definition of PAL?
• How could the exact quantification of air leak influence 

future clinical management and trial protocols?
• Which pts should be targeted in future investigations?



A multi-institutional 
efficacy analysis should be the next 

logical and appropriate approach 
to change chest tube management 

from art to science


